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1. BBe.uenne 

llo.upo6Hhl0 HCCJ'IO.!lOB8HHH HHTHHOrO cqeTqHK8 q8CTHU C *H.!lKHM 38-

llOJ'IHOHHOM H llOCTOHHHbiM SJ'IOKTpHqeCKHM llHT8HHOM /1-4/ llOK838J'IH1 qTo 

cqeTqHK o6J18.!l80T 60J'lhlliOfi HOCT86HnhHOCThiD B p860T01 M8J'lbiM KOS~~HUHOH

TOM p83MHO*OHHH sneKTpOHOB H HH3KOH S~~eKTHBHOCThiD perHCTp8UHH q8c

THUo CoBOKyiTHOCTh STHX 06CTOHTOJ'lhCTB B 3}18qHTOJ'lhHOfi Mepe HBHJ18Ch B 

nocne.uHee BpeMH npHqH}IOfi CY*OHHH Kpyr8 HCCJ10tlOB8HHfi llO.!l06Horo c'qeT..o. 

qnK8, 0.UH8KO C8M8 npo6neM8 p83p860TKH cqeTqHK8 HJ'IH HHTHHOfi K8Mephl 

C nnOTHOfi cpe.uofi OCT80TCH qpe3Bblq8fiHO 8KTY8llhHOfio 

Cefiq8c npe.ucT8BnHeTcH1 qTo O.!lHO ns nepcneKTHBHhlX H8Dp8BneHHfi 

C03.!l8HHH TaKOrO cqeTqHK8 CBH38HO C HCllOJ'lh30B8HHOM HMnynhCHbiX H BbiCOKO

q8CTOTHbiX nonefi nHT8HHH. T8Kofi pe*HM nosBonHT ncKnroqnTh_ ns p860Tbi 

cqeTqHK8 pH.!l CT8THqecKHX H KB83HCT8THqeCKHX HBJ'IOHHfi1 npHcymHX >~.!l

KOCTH n npenHTCTByromnx .!l8J'lhHefimeMy nporpeccy B nccne.uoB8HHHX. 

BTop8H BOSMO*HOCTh cos.u8HHH .ueTeKTop8 c nnoTnon cpe.uon /5/ 68-

snpyeTcH H8 llOJ'IHOfi 38MOHO *H.!lKOCTH TBOp.!lhlM TenOM1 B KOTOpOM 38MOp8-

*HB8IOTCH HJ'IH 38llOJ'IHMOpH30BbiB8IDTCH HHTH, llefiCTBHTE!nhH01 llO.!lBH*HOCTh 

sneKTpOHOB B KpHCT8J'IJ18X1 K8K np8BHJ101 3}18qHTOJ'lhHO Bbllli01 qeM B *H.!l

KOCTHX1 a nnOTHOCTH *H.!lKOfi H TBOp.!lOH ~a3 npHMOpHO p8BHbi, llOSTOMy 
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cnenyeT omnnaTb1 ~To B KpncTannax B6nnsn HnTeii non~eH npoSIBnHTbCH 

a!fxPeKT pasMHmKeHnsi aneKTpoHoB nnn nbrpoK, npn~eM a'I'oT npouecc non~eH 

HnTH 6onee CTa6HnbHO H 6onee HHTeHCHBH01 ~eM B mnnKOCTHXo 

B ncnonbsoBaHnn TBepnoro BemecTBa B neTeKTope npnBneKaeT n.npy

raH CTOpOHa 1 a HMeHHO: HCKnlO~HTenbHaH npOCTOTa npOCTpaHCTBElHHOii 4JnKca

UHH B HeM HHTeii mo6oii nnnHbi, ~To OTKpbrBaeT BosMo~HOCTb cosnaHHH ne

TeKTopoB 6onhnmx pasMepoB. 

HacToBmaH pa6oTa nocBBmeHa nccneaoBaHnro BToporo nyTn cosnaHHH 

HHTHHOrO neTeKTopa - aeTeKTOpa KtlHCTannn~eCKOrO THna. K MOMeHTy naH-

. Horo nccnenoBaHHH 6brn nsBecTeH pHn ny6nnKaunii 16- 91 , B KOTOpbiX coo6-

manocb o Ha6nroaaeMbiX nMnynbcax noHnsaunn B TBepnoM aproHe n KceHoHe. 

B oaHoii ns aTHX pa6oT 17 I 6brn saMe~eH a4>.PeKT pasMHo~eHHH aneKTpOHOB. 

B TBepnoM aproHe, Ho nonHpn saunH KpncTanna o6'beMHbiM sa pHnoM 6br~a 

cTonb 6hlcTpoii, ~To aBTopy 111 He ynanocb npoBecTn KaKnx-nn6o nccneao

Bali:nii naHHoro HBneHHH. 

B Ka~ecTBe pa6o~nx cpen B c~eT~HKe ncnonbsoBanncb KpncTannn~ecKne 

aproH1 KCeHOH H MeTaH. 

2. AnnapaTypa :n TexHHKa aKcnepnMeHTa 

flonpo6Ho o6 annapaType, ncnonbsoBaHaoii B onbrTax, coo6maeTcH 

B /4/ • 3aeCb ~e OTMeTUM1 ~TO npH ee paspa6oTKe MaKCHM8nbHO Y~HTbiBa

naCb cneun4JHK8 nony~eHHH BemecTBa B MOHOKpUCTannn~eCKHX COCTOHHHHX 

MenneHHoe KOHTponnpyeMoe oxna~eHne n C!~oroe TepMocTaTnpoBaHne 

KaK mnaKOH1 TaK U KpHCTannn~eCKOH 4Jas. l{yBCTBHTenbHOCTb annapaTypbl 

HaMepeHHH aMnnHTynbi H C~eTa HMnynbCOB COCTaBnHna- 4• 10-5 Bo 

C~eT~nK nMen naTyHHbr.ii unnnHnpn~ecKni!: KaTon nnaMeTpoM 6 MM n 

BOnb4JpaMOByro HHTb1 ilOKpbiTyro TOHKOi!: nneHKOii sonoTa. TonmnHa HHTH 

cocTaBnHna 10 MKM, a nnnHa pa6o~ero y~acTxa - 6 eM. Pa6o~nii o6'beM 

c~eT~HKa xopomo npocMaTpnBancH BnsyanbHo. 
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DnH nccneaoBaHHH BnHHHHH npnMeceii B KpncTanne H~ 

~nKa ncxonHbre rasbr MO~Ho 6bmo o~nmaTb B cneunanbHOii 

KH ao p83HOH CTeneHH ~UCTOTblo 

3. kfccneaoBaHne c~eT~nKa c TBeplibiM aproHoM 

B ~acTn onbiTOB ncnonbsoBancH aproH MapKn "oco6oii 

npyroii cepnn axcnepnMeHTOB aproH aononHnTenbHO o~nmanc 

B KanbuneBoii noBymKe npn TeMnepaType 700°C n oT napoB 

unanbHOM TepMocTaTe npn TeMnepaType - 100°C. 4ncToTa 

Kncnopoay cocTaBnHna -10-1, a no napaM Boahl -10-6 o6'bE 

flpoueaypa nony~eHHH KpncTannn~ecKoro aproaa B c~E 

na B cneayromeM. Caa~ana aproa cmn~ancH npn TeMnepaT~ 

TO~Kn aa 5-6°C, saTeM oxna~nancH no TpoiiHoii To~KH n T, 

Ebmo aaiineao, ~To xapaKTepncTHKH c~ eT~HKa xopomo Bocn 

CKOpOCTH oxna~aeHHH ~naKoro aproaa B6nnsn TpOHHOH TO~Klf 

U BpeMeHH TepMOCTaTHpOB8HHH B 3TOi!: TO~Ke UnH 

-0,6°C 6onbme Tpex ~acoB. KpncTann aproaa nony~aeTCH 

aa~anbHbiH MoMeaT nocne KpncTannnsaunn xpncTann nMeeT 

OTTeHOK 1 KOTOpb!H nodne yK838HHOrO BpeMeHH TepMOCT8THp 

anT B cnerKa MaTOBbiii. 

C npospa~HbiM KpncTannoM c~eT~HK pa6oTaeT ncxnro~ 

6nnbHO. B aeM ae aa6nroaaeTcH sapHnKn KpncTanna npocTp 

o6'beMHbiM sapHaOM H xapaKTepHCTHKH BOCilpOHSBOaSITCH 0~ 

CTa6nnbHOCTb pa6oTbi c~eT~nKa ae aapymaeTCSI npn ero Ol 

BnnoTb no TeMnepaTyphl mnnxoro asoTa. Oaaaxo cxopocTb 

aon~Ha 6biTb < 1,5 rpaa.~ac- 1 • 
AMnnnTynHaSI n c~eTaaH xapaKTepncTnKn KpncTannn~e 

60 
ro c~eT~nKa, o6ny~aeMoro y -KBaaTaMn oT Co , npeac 
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:r<JeM aToT npouecc .non>KeH 

B, >KHJlKOCTSIXa 

reKTope npHBneKaeT H .npy

~a ilpOCTpaHCTBeHHOH ~HKCa-

B03MO>KHOCTb C03Jl8HHSI Jle-

ID BTOporo nyTH C03Jl8HHSI 

oro THna, K MoMeHTy .n'aa

ii /6-9/, 8 KOTOphiX coo6-

TBepJlOM aproHe H KCeHOHe, 

:T pa3MHO>KeHHSI aneK!I'pOHOB 

,fi'heMHhiM aapSIJlOM 6btfla 

aecTH'KaKHX-nH6o Hccne.no-

1 onbtTax, cooomaeTcSI 

TKe MaKCHManbHO y'IHTbtBa

:'rannH'IecKHX COCTOSIHHSIX -

1e TepMOCTllTHpOBaHHe 

BHTenbHOCTb annapaTypbi 

an~na- 4• to-5 a. 

lTOJl JlH8MeTpOM, 6 MM H 

3om:iTa, TonmHHa HHTH 

-,6 eM. Pa6o'IHii oo'beM 

i 

nng HCCneJlOB8HHH BnHSIHHH npnMeceii B KpHCTanne Ha pa6oTy C'leT

'IHKa HCXOJlllbie ra3bl MO>KliO ObinO O'IHIIt8Tb B cneuHanbliOH CHCTeMe O'IHCT-

KH .no paaaoii ci:'eneaH 'IHCTOTbi, 

3, MccnenoBaHHe C'leT'IHKa c TBepAbiM aproHoM 

B qacTn onbiTOB ncnonbaoaancg aproa MapKn "ocoooii 'IHCTOTbt", B 

.npyroii cepHH aKcnepnMeHTOB aproa .nononanTenbliO O'IHIItancH oT KHcnopo.na 

B Kanbuneaoii noaymKe npn TeMnepaType 700°C n OT napoB BOJlbi B cne

unanbliOM TepMocTaTe npn TeMnepaType - 100°C. 4ncToTa aproaa no 

Kncnopony cocTaBnHna -I0-7, a no napaM BOJlbi -10-6 o6'beMllbiX qacTeii, 

Dpouenypa nonyqeang KpncTannnqecKoro aprona B C'leT'IHKe cocToH-

na B cnenyiDIIteM, Caa'lana aproa c>Kn>Kancg npn TeMnepaType Bbiiiie Tpoiiaoii 

TO'IKH Ha 5-6°C, 38TeM OXnB>KAanCSI JlO TpOiiHOH TO'IKH H T9pMOCT8THpOB8nCSI, 

Bbmo aaiiAello, 'ITO xapaKTepHCTHKH C'l eT'IHKa xopomo BocnpoH3BOilHTCH npn 

CKOpOCTH oxna>KJleliHSI >KHJlKOrO aproaa BOnH3H TpOiiHOH TO'IKH< 1,5rpalle'18C-l 

H BpeMeliH TepMOCT8THpOB8liHSI B 3TOH TO'IKe nnH liH>Ke Ha 0,3 -

-0,6°C 6onbme Tpex qacoB, KpncTann aproaa nony'laeTcH npoapa'lllbiM, B 

aaqanhllbiii MoMeliT nocne KpncTannnaaunn KpncTann HMeeT KopnqaeBbiii 

OTTelloK, KOTOpblii nocne yK838llliOrO BpeMeliH TepMOCT8THpOB8HHSI nepexo-

JlHT B cnerKa MaTOBblHe 

C npoapa'IHb!M KpHCTannoM C'leT'IHK paOOTaeT HCKniD'IHTenbliO CTa

OHnbliOo B aeM ad aa6niDnaeTcH aapSIAKH KpHcTanna npocTpaHCTBeliHbiM 

oo'heMllbiM aapHilOM n xapaKTepncTnKn BocnpOH3BOilSITCSI o'leHb xopomo. 

CTaonnbliOCTh pa6oTbi C'leT'IHKa ae aapymaeTCH npH ero oxna>KaeHnH 

BnnOTb JlO TeMnepaTypbl >KHJlKOrO 830T8, 0JlH8KO CKOpOCTb OXna)KJleHHSI 

AOn>KHa ObiTb < 1,5 rpaa.qac- 1• 

AMnnnTyllHaSI n C'leTHaSI xapaKTepHCTHKH KpHCTannH'IeCKoro aproHoBo-

ro C'leT'IHKa, oonyqaeMoro 
60 

y -KBaHTaMn oT Co , npe.ncTaBneHbi 
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rpacimKaMII H8 pnc. 1 H 2. 3JleCb He06XOJlHMO OTMeTHTb1 ~TO 

HHSI aTHX c~eTHbiX -xapaK,:TepHCTHK C aHanorH~HbiMH xapaKTep ,, 
soaoro n *HJlKOCTHoro c~eT~HKa, rr~HBeJleHHhlMH B paooTe 

Hbie BenH~HHbl ITO ~Hcny QTC~eTOB cneJlyeT yaenH~HTb B 

cneJlHee CBSIS8HO C yMeHbWeHHeM BO CTOnbKO JKe pas HHTeH< 

Ka y -KB8HTOB B HaCTOSilliHX 8KCIIepHMeHT8Xo 

Hs aaannsa aMIInRTYJlHOH xapaKTepncTHKH BHJlHD, ~To 

eT TpH THIIH~HbiX oonacTH pe:lKHMa paoOTbi: - HOHHS81lHOHHbd 

2 KB, IlpOIIOpllHOHanhHhiH - JlO- 5, 2 KB H oonaCTb H8ChillieHHSI 

5,2 KB. B rrporropnnoaanhHOH o5nacTH Koa¢$nnneHT ycnneHHH 

- 150. 

B oonacTH HaCbillieHHSI crreKTp nMrrynbCOB cymecTl 

HHBaeTcH. Hx pasopoc He rrpeBbiwaeT Benn'lHlihi 1,5. llpeJlel 

liRe aMIInHTYJlhl HMIIynbCOB1 KaK BHJlliO HS pHCo 1,- COCTaBnRI 

fiocneJlHee orpaHH~HBaeTCH, IIO-BHJlHMOMy, IlpOCTpaHCTBelilib 

sapSIJlOM
1 

BOSHHK8IOWHM B MOMeHT pa3MliOJKeHHSI ~neKTpOHOB 

c~eTHaH xapaKTepncTHKa (eM. pnc. 2) HMeeT rronoroe 

JKeHHOCTbiO 3 KBo CKopoCTb C~eTa B cepeJlHHe rrnaTO COCTal 

~To rrpn:Mepao B 6 pas 5onbwe, -qeM B rase noll JlaBnean:eM 

( B aToM cpaBaeann: y~Tea Koa¢$n:nneaT 3, 7). TaKoe yBenH~ 

~pHonHJKeliHO COOTBeTCTByeT HSMeaeHHIO rrnOTliOCTH paoo~eH 

fiepeJlliHH $pOliT HMIIynbCOB HMen JlnHTenbHOCTb - 1 ~ 

HMIIynbCOB - 500 MKCeK H orrpepenRnCSI IlOCTOSiliHOH BpeMeE 

~HK8 H BXOJla HSMepHTenbliOrO TpaKTa. 

Hs JlnHTenbliOCTH rrepeJlaero $poaTa HMrrynhCOB pac' 

Obin8 orrpeJleneHa IlOJlBH:lKHOCTb rronoJKHTenbHbiX HOHOB II TBI 

. - 2 -1 -1 
Oaa oKasanach paBHoi!: - 0, 1 eM B ceK • lloJlBH:lKliOCTb 

JlHMoMy, KaK oohi'lHO a KpHCTannax,. Jlbipo~ayro rrpn:poJly. Ol 

paaee IlOJlBH:lKHOCTb IIOnOJKHTenbHbiX sapHJlOB B TBepJlOM api 
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iKTepHCTHKa aprOHOBOrO 

~apaKTepHCTHK KCeHOHOBO-

•HCTHKa aprOHOBOro C'leT'IH

rHK KC9HOHOBOrO C~eT'IHKa, 

rpa<jlHxaMH Ha pHC, 1 H 2. 3.!leCb Heo6XO.!lHMO OTMeTHTh1 'ITO .!ln.II CpaBHe

HH.II aTHX C'leTHbiX xapaKTepHCTHK C aHanorH'IHbiMH XapaKTepHCTHK8MH ra-

, 6 /4/ 
30BOrO H )I(H.!lKOCTHOrO C'I9T'IHK81 llJ:;IHBe.!leHHbiMH B pa OTe 1 BCe .!l8H-

Hbie senH'IHHbi no 'IHcny oTctteToB cne.!lyeT ysenli'IHTb B 317 paaa. Do-

cne.!lHee CB.II3aHO C yMeHbill9HHeM BO CTOnbKO me pa3 HHTeHCHBHOCTH llOTO

Ka y -KB8HTOB B H8CTO.IIII(HX aKcnepHMeHT8Xo 

Ma aaanHaa aMnnHTY.!lHO~ xapaKTepHCTHKH BH.!lHO, 'ITO cqeT'IHK HMe

eT TpH THmt'IHbiX o6naCTH pe»rnMa pa60Tbi: - HOHH38UHOHHbi~ pe»rnM - .!lO 

2 KB1 nponopUHOHanhHbi~ - .!lO- 5, 2 KB H o6naCTb H8Cbiii(9HH.II - CBbiille 

~2 KBo B nponOpUHOHanbHO~ o6naCTH Koa<jl<j!HUH9HT ycHneHH.II COCTaBnHeT 

- 150. 

B o6nacTH aacbxmeHHH cneKTp HMnynhCOB cymeCTB9HHO BbipaB-

HHB89TCH. Mx pas6poc He npeBbiillaeT BenH'IHHbi 1,5. npe.!lenbHOe 3Ha'le-

. -2 
HHe aMnnHTY.!lbi HMnynbCOB1 KaK BH.!lHO H3 pHCo 1, COCTaBn.IIeT 4' 10 Be 

Docne.!lHee orpaHH'IHB89TC.II1 nO-BH.!lHMOMY1 npoCTpaHCTBeHHbiM 06'beMHbiM 

38p.II.!lOM1 B03HHK8IOII(HM B MOM9HT pa3MHomeHH.II ~neKTpOHOB B6nH3H HHTH. 

C'IeTHa.II xapaKTepHCTHKa (eM. pH c. 2) HMeeT nonoroe nnaTo npoTH-
. . -1 

>KSHHOCTbiO 3 KBo CKOpOCTb C'leTa B cepe,!lHHe nnaTO COCTaBn.IIeT 1600MHH 1 

/4/ 
'ITO npHMepHo B 6 · paa 6onbme, 'I eM B rase no.!l .!lanneHHeM ~ 100 aTM 

( B aToM cpaBHeHHH y'ITeH Koa<jl<j!HuHeHT 3, 7). Taxoe yt~enH'IeHHe C'leTa 

~pH6nHmeHHO COOTB9TCTByeT H3MeHeHHIO nnOTHOCTH pa6oqe~ cpe,!lblo 

Depe,!lHH~ <jlpoHT HMnynhCOB HMen .!lnHTenbHOCTb - 1 MKCeK1 8 Cll8.!l 

HMnynbCOB - 500 MKCeK H onpepen.IInCH llOCTO.IIHHO~ BpeMeHH uenH C'leT

'IHK8 H BXO.!la H3MepHTenbHOrO TpaKTa. 

Ma .!lnHTenbHOCTH nepe.!lHero <jlpoHTa HMnynbCOB pac<teTHbiM nyTeM 

6bma onpe.!leneH:a llO.!lBH)I(HOCTh nonomHTenhHbiX HOHOB H TBep.!lOM aproHe. 

2 -1 -1 
0Ha OKaaanacb paBHOft - 0, 1 CM B CeK • DO.!lBH»illOCTb HMeeT1 no-BH-

.!lHMOMy1 K8K o6bi'IHO B KpHCTannax,, .!lblpO'IHYIO npHpo,!ly, 0TMeTHM1 'ITO 

paHee no.!lBH>KHOCTb nonomHTenbHbiX aap.II.!lOB B TBep.!loM aproHe He Ha6nro-
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Jl8n8Cbo llOJlBH)KHOCTb 6bin8 H3B9CTH8 nHWb JlnSI TB9pJlOI'O KC9HOH8 0 paBH8SI 

-2 2 -1 -1 /8/ - / . 
2• 10 eM B ceK .• HH)Ke 6yJleT noKasaHo, 'ITO noJlBH)KHOCTb 

sapstJlOB B TB9p1lOM aproHe, KaK H B KC9HOH9, Bceueno onpe1lensteTCSI 'IHC

TOTOH H CTefl9HbiD 'H1leanbHOCTH' KpHCTanna. 

B onbiTax npoBepstnacb TaK)Ke a<P¢eKTHBHOCTb perHcTpaUHH y -KBaH

TOB pasnH'IHbiMH y'laCTK8MH HHTHo llnst STOI'O KOnnHMHpOB8HHbiH ny'IOK y -

KB8HTOB nepeMemancst BJlOnb HHTH C'19T'IHK8o BblllO H8Hll9HO, 'ITO a<jl<fleK

THBHOCTb pei'HCTpaUHH flO BCefi JlnHH9 HRTR H9R3M9HHa. 

0 HeKOTOPblX OC06eHHOCTSIX pa60Tbi C'I9T'IHK8 C HeCoBepweHHbiM 

KpRcTannoM aproHa 

llpH 6biCTpOM 38MOp8)KHBaHRH aproHa HnH ManOM Bp9M9HH TepMO

CT8THpOB8HHSI KpHCTanna B6nR3R TpOHHOH TO'IKH Ha6nroJl89TCR, COOTB9!CT

B9HHO, H 6biCTpoe flO'IepH9HRe KpliCTanna. llpli <flopclipOBBHHbiX pe)KHM8X 

OXn8)KJl9HHSI KpRCTann nony'I89TCSI COBepweHHO Henpo3p8'1HhlMo 0JlH8KO H 

B T8KRX HeCOBepweHHbiX KpliCTannax BCe )Ke Ha6moJlaeTCSI a<P<fleKT p83MHO

)KeHHSI aneKTpOHOB, HO KpHCTannbi 6biCTpO 38pSI)K8IDTCR H 8MflnRTyJla H 

cKopocTb c'leTa HMnynbCOB naJlaroT. CKopocTb 3apR1lKH nponopuRoHanbHa 

HeCOBepweHCTBy KpHCTanna, HHTeHCRBHOCTH o6ny'I9HHSI y -KB8HT8MH H Be-
l 

nR'lHHe npano)KeHHoro HanpR)KeHaR. TaK, JlnR nonHOCTbro He3apR)KeHHbiX Kpac-

TannOB Cfl8Jl 8MflnRTYJlbl IIMnynbCOB npOIICXOJliiT 38 HeCKOnbKO CeKyHJl HnR 

MHHYTollnR '18CTII'IHO npo3p8'1HbiX KpiiC~annoB STO BpeMSI YllniiHSISTCSI JlO Jle

CSITKOB MHHYT H Jl8)Ke '18COBo TaKHM )Ke BpeMeHeM 3apRtlKH o6naJlaeT II TOnbKO 

'ITO o6pa30B8BWRHCSI npo3p8'1HblH KpliCTann, HO HMeiDIUHH KOpR'IHeBbiH OTTe-

HOKe 

3apR)KeHHblH KpliCTann C Hano)KeHHbiM HnH CHSITbiM BHeWHHM noneM, 

HO npH y6paHHOM y -HCTO'IHHKe,O'leHb MeJlneHHo·BOCCTaHaBniiB88TCR. 

BbiCTpast )Ke HeilTpanH3aUHR noTeHuHana oT o6~eMaoro 3apRJla B KpHcTan

ne JlOCTHraeTcR npli peBepce nonR aa C'leT'IHKe. TaK, np11 noJla'le HarrpR-

~l 
I 

( 
! 
l 

~ 
I 
i 

)KSHHR o6paTHOH nonRpH?CTH aMnnHTYJlOH- 3 KB C'leTHaR H 

xapaKTepRCTHKH BOCCT8H8BnHB8IDTCSI 38 3-5 ce·K. 

llpH JlefiCTBHH peBepCHOI'O nonR C flOMOWbiD OCUHnnorpa 

Ha6nroJlaeTCSI XOnOJlHBSI HH)KeKUHSI aneKTpOHOB R3 npOBOnO'IKE 

llocneJlyromaR fl0Jl8'18 Ha C'leT'IHK·pa6o'lero HanpSI)KeHRR COITJ 

KBK npaBRno, flOSIBneHHeM RMnynbCOB 60nbWOH 8MrrnRTYJlbi 0 J: 

1 B. 'tJacTb STHX HMnynbCOB RBnReTCSI nO)KHOH, JlpyraR '18CTl 

)KHT y -KB8HTaM. 'tJepes 2-3 MRHYTbl nepeXOJlHbiH npouecc 

H nO)KHbi9 HMnynbCbl HC'Ie3aroT. AMnnRTYJl8 HMrrynbCOB OT 

CT8HOBHTCSI paBHOH 8MflnHTyJle, COOTBeTCTByromefi nonHOH 'IY 

aocTn citeT'IHKa npn: JlBHHOM HanpR)KeHHH. Ha5nroJlaeMbiH a¢41 

o6~SICHSI9TCSI M9X8H113MOM 38XB8Ta H OCB060)KJl9HRSI HH)K9KTH] 

aneKTpOHOB Ha MenKHX 9H9I'eTH'ISCKRX ypOBHSIX B KpiiCTanne 

MexaHR3M 3apRJlKH aecoBepweHHbiX KpHCTannoB o5~eMJ 

o5~RCHSI9TCR, flO-BHJlHMOMy, a¢<fleKTHBHbiM 38XB8TOM JlblpOK 

flOBepxHOCTHOI'O H o5~eMHOI'O Tnna. 

BTopaR oco5ennocTb pa5oTbi apronoBoro C'leT'IHKa coc 

'ITO 'laCTH'IHO necoBepweHHbiH KplicTann nocne BbiJlep)KKH B5 

TO'!Kli B Te.'leHHe H9CKOnbKHX '18COB CT8HOBHTCSI 5onee COBe. 

KOH KpHCTann H9 38pSI)K89TCSI npoCTpaHCTB9HHbiM 38pRJlOM. ll 

'IHBbl9 BOCrrpOH3BOJlHMbie XapaKTepHCTHKH. 

B cneun:anbHOM onbiTe npoBepRnocb Bnasmue na pa5oT: 

npnMeCH B03Jlyxa, BBOJlHMOI'O B api'OH Ha CTBJlHH I'830BOH l 

¢a3. BblllO ycTaHoBneao, 'ITO coJlep)KaHue B TBepJlOM aproJ 

llblX JlOneu B03JlyXa rrOnHOCTbiD BbiBOJlHT C'IST'IHK H3 pa6oTb 

[; 0/lHOM •H3 SKCrrepHMeHTOB HaMil CipOBepsmacb BO:J:\101 

BaHHSI B TBepJlOM aprone napOBbiX llY.:Jl.IpbKOB II (JII3MHOlK9HII 

aneKTpOHOB B6nH3Il HHTefi. llyTeM llbiCTpoii OTK8'1KII napOB 



TB9pll0I"O KC9HOH8 1 p8BH8SI 

38H0 1qTo IIOilBH~HOCTb 

1ceueno onpellenHeTCH qnc-

ocTb perncTpaunn y -Kaaa

)nniiMnpoBaHHhifi nyqoK y -

:.mo H8Hil9H01 qTo s4JtjleK-

:sMeHHa. 

fiKa c HecoaeprneHHhiM 

MBnOM BpeMeHH TepMO

Ha6nroll89TCSI1 COOTBeTCT

~OpCHpOB8HHhiX pe~HM8X 

IenpospaqHhiMe, 01lH8KO H 

6nroJlaeTCSI atjJ<jleKT pa3MHO-

)K8IDTCSI H 8MIInHTylla H 

3apHilKH nponopuuoHanbHa 

IyqeHHSI y -KB8HT8MH H Be

:IOCTbiD Hesapst~eHHhiX KpHC

a HeCKO!lbKO CeKyHil HnH 

apeMH YllnHHHeTcst llO lle

sapH/lKH o6n&ll8eT H TOllbKO 

nMeromufi KopuqaeBhiH oTTe-

fi CHS!ThiM BHeliiHHM IIO!leM, 

o·aoccTaHaannaaeTcst. 

,eMaoro sapHila B KpncTan

~. TaK, rrpu nollaqe IIarrpH-

'.~ f 
i 

meHHSI o6paTHOH nonstpl!OCTH aMIInHTYilOH- 3 KB cqeTH8SI H 8Mll!lHTYilH8SI 

xapaKTepHCTHKH BOCCT8H8BnHB8IDTCSI sa 3-5 CeK. 

Dpu lleficTBHH peaepcaoro nonH c noMombro ocunnnorpatjla qeTKo 

Ha6nrollaeTCSI XOIIOilH8SI HH~eKUHSI aneKTpOHOB H3 IIpOBOnoqKH B KpHCT8ll~ 

nocnellyromaH nollaqa Ha cqeTquK·pa6oqero IIanpHmeHHH conpoao~aeTcH, 

K8K npaBHII01 IIOSIBII9HHeM HMIIynbCOB 60IIbliiOH 8MIIIIIITYilhl1 llOXOilHIUefi llO 

1 B. lJaCTb 8THX HMIIYIIbCOB SIBIISieTCSI no~HOfi, JlpyraH qacTb npuHallne-

~HT y -KBaHTaM. lJepes 2-3 MHHYThi nepexollHhitl: npouecc saKaaqnaaeTcH 

u no~Hhie HMnynbChi ucqesaroT. AMnnnTylla nMnynbCOB OT y -KBaHTOB 

CT8HOBHTCSI paBHOH aMnnuTylle, COOTB9TCTByroiUefi IIOnHOH qyBCTBHTenb

HOCTH cqeTqnKa npu llBHHOM aanpH~eiiun. Ha6nrollaeMhifi atjltjleKT xoporno 

06'bSICHHeTCSI MeXaH1:13MOM 38XB8Ta H OCB060IKJl9HI:ISI I:IU~eKTHpOB8HllhiX 

I 51 
8ll9KTpOHOB Ha M9IIKI:IX 8HereTI:IqecKHX ypOBHSIX B Kpi:ICT8II!le 

M exaausM sapHilKH aecoaeprneiiHhiX KpncTannon o6'heMHhiM sapHil~M 

06'bHCHSieTCH 1 IIO-BHilHMOMy, atjJ<jleKTIIBHhiM 38XB8TOM llblpOK IIOByliiK8MH 

noaepxaocTaoro n o6'heMHoro Tnna. 

BTopaH oco6eUHOCTb pa60Thl aprOHOBOI"O cqeTqHKa COCTOHT B TOM 1 

qTo qacTuquo aecoaepmeHHhifi KpHcTann nocne Bhiilep~KH a6nusn Tpofiuofi 

ToqKu a TeqeHne aecKOnbKHx qacoa cTaHOBHTCH 6onee coneprneHHhiM. Ta

Kofi KpHCTann He 38pS1~8eTCSI IIpOCTpaHCTBeHHhiM 38pHilOM.H Jl&eT YCTOH-

qHBhl9 BOCIIpOH3BOilllMhl9 XapaKTepHCTHKHe 

B cneuuanbHOM onhlTe npoaepHnocb BnHstHHe Ha pa6oTy cqeTquKa 

IlpHMeCH B031lYX8 1 BBOilHMOI"O B aprOH Ha CT81lllll I"830BOfi HIIH IKHilKOfi 

tjlas. Ehmo ycTaaoaneiio, qTo collepJKaHue B TBepnoM aproae 10-4 o6oeM

HhiX llOIIefi B031lYX8 IIOIIHOCTbiD Bh!BOilHT cqeT•U!K H3 pa60Tbl. 

L onaoM ·HS aKcrrepnMeHTOB HaMil rrpoaepgnacb ao:JI.!O)KHOCTb o6paso-

BaHHSI B TBepllOM aproHe rrapOBbiX IIY::JL!pbKOB I! [Jil3MHO>K9HIISI B IIHX 

aneKTpOHOB B5III!3H HHTefi. DyTeM llb!CTpOl! OTKaqKII ll8p0B aprOHU B Tpoi'J-
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aoil ToqKe aocTnranoch BcKnrraHne ero n aaMopa*nBaHne. B cqeTqnKe 

snayanhHO 6bmn snaHbi nyabiphKn paannqHoro anaMeTpa. B TaKoM aproae 

TaK)I{e HaomoaanOCb paaMHO)KelJne aneKTpOHOB OT Y -KBaHTOB npn Harrpg

)l{eHHH Ha cqeTqnKe oKono 1 KB. AMnnnTyaa nMnynhcoB aocTnrana . 0,1 B. 

OaHaKo KpncTann ObiCTpo aapH)I{ancH. 

4. •Yfccnenosaane cqeTqnKa c TBepnbiM KceaoHoM 

YfcxoaHbiH. raaooopaaHbiil Kceaoa nepea Koaaeacauneil oqnmancH oT 

rrapoB soabl ao w-6 o6'heMHbiX aoneil n Kncnopoaa - ao w-7 aonen. KaK 

H B. cnyqae C aproH.OM, B 3aBHCHMOCTH OT CKOpOCTH oxnamaeHHSI Bonnan 

TpOfiHOll ToqKH H BpeMeHH TepMOCTaTHpOBaHHH B TpOfiHOll TQqKe KpHCTan

nnqeCKHfi Kceaoa nonyqancH paaaoil npoapaqaocTn. Hannyqrnyro npoapaq-

aocTb KpncTann nMen npn Tex *e pe)l{nMax oxnamaeanH, qTo n apron, 

T •. e. IlpH CKOpOCTH oxna)l{.r:te.HHH )I{HaKOCTll BonnaH TpOfiHOft TOqKH 

< 1,5 rpaa.qac-1 n speMean TepMocTaTnpoBaHim a ToqKe. KpncTannnaa

unn > 3 qacoB. 

PeaynhTaTbi nccneaosaanfi cqeTqnKa c npoapaqHbiM. KceaoHoM npea

cTaBneHbi aa pnc. 1 n 2. KaK cqeTHaH, TaK n aMnnnTyaaaH xap~TepncTn

KH HMeroT uenyro aoay aaaqeHnfi. 3Tn 30Hbi oaHaqaroT cneayromee. B Ka*-

aoM orrbiTe nonyqanncb snonHe onpeaeneHHbie cqeTHaSI n aMrrnnTyA.HaH 

xapaKTepHCTHKHo 0aHaKO OT Ollb!T8 K OllbiTY ( OT aaMopa)I{HBalJHSI K aaMOpa

)I{HBaHnro) 9TH xapaKTepncTnKn Toqao He socnponasoannnch. BonbrnaH 

COBOKYITHOCTb TaKHX xapaKTepHCTHK, nonyqeHHbiX BO MHOrHX OIIbiTaX, H 

oopaaosana aaHHbie 30Hblo 

KpncTannnqecKnil KCeHoHOBblfi cqeTqnK o6naaaeT n.apyroil oco6eH

aocThro, a nMeHHo, nonHpnaauneil KpncTanna oo'beMHbiM aapSiaoM. HaM 

He yaanocb nonyqnTh KpncTann, KoTopbiil cosceM Obi He aapSI)I{ancSI. 

10 

CTeneab aapHaKn sceraa 6bma nponopunoaanhHa qncny aape 

HbiX nMnynhcos n Koa¢¢nuneHTy ycnneHnH. QqeHb xopornne f 

o15naaaromne 6onhrnofi npoapaqHoCThro, aaMeTHo aapSI)I{anncb 
5 . 

5•10 oTcqeToB rrpn Koa4>¢nuneaTe ycnneHHH - 100. CKopocT: 

ue aapHaKn naaana Ha 20-40%, a aMnnnTyaa nMnynhcos - a 

Tannbi MaTosoro useTa aapSI)I{anncb B .HecKonbKO paa obiCTp' 

ecnn Ha cqeTqnK He noaasanocb HarrpH)I{eHne, nnn cqeTqnK f 

y -KBaHT8MH1 TO .qyBCTBHTenbHOCTb COXpaHHnacb fJeH3Me 

yroaHo aonroe BpeMH. ITpn annTenhHOil pa6oTe co cqeTqHKrn 

Tynan anHaMnqecKnfi pe*nM HaCbiiiieHnH, npn KoTopoM aanbH 

CKOpOCTH cqeTa H yMeHblli9HHe aMrrnnTyabl HMrrynhCOB rrpeKp 

COTa OCTaTQqHoro ypOBHSI CKOpOCTH cqeTa H aMrrmiTYJJbl HMII 

na OObJqHO OT HarrpS1)1{9HHSI: qeM Bbillie HarrpSI)I{eHne, TeM Bbl 

ypoBeHh. 

ITpnMeqaTenbHaSI ocooeHHOCTb pa6oTbl KCeHOHOBoro cqe 

nT B ToM, qTo npn noaaqe aa cqeTqnK pesepcHoro nonSI - n 

IIOnSipHOCTH - aMrrnnTyaofi B 1 KB cqeTqnK· aa BpeMSI 1 CeJ 

:BoccTaaasnusaeT csoro .HaqanhHyro qyBCTBnTenhHOCTb .HeaaBHI 

cTenean npearnecTsyromefi aapSiaKn. 

Bee oco6e.HHOCTn n xapaKTepncTnKn cqeTqnKa npaKTnqe 

HHIDTCH, ecnn cqeTqHK oqeHb MeaneHHo oxna~aTb HH)I{e Tpo 

snnoTb ao _TeMnepaTypbi )I{HaKoro aaoTa. 

Yfa KpHBbiX pnc. } H 2 BHaHo, qTo cqeTqHK HMeeT cpaE 

.pOKOe rrnaTOo MaKCHM8nbH8H CKOpOCTb cqeTa B KC9HOHOBOM 

Mepao B asa paaa 15onhrne, qeM B aproHoBoM cqeTqnKe. 3To 

110-BHaHMOMy, 6onblli0ll TOpM03HOll CITOCOOHOCTbiD KCeHOHa. 

AMnnnTyaHaSI xapaKTepncTnKa cqeTqnKa nMeeT asa qeT 

HbiX yqacTKa - nponopnnoHanhHbiil n yqacToK HaCbiiiieHHH. Kc 
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~opa}!mBa.Hne, B cqeT•mxe 

'· .nnaMeTpa. B TaKoM aproae 

! OT. ·Y -KBaHTOB npn Hanpst

fiMnynhCOB .llOCTHrana 0,.1 B, 

lb!M KCeHOHOM 

{OH.neacaunefi oqnmancst oT 

opo.na - .no 1o-7 .nonefi. Kax 

:opocTn oxna}!{.lleanst a6nnsn 

r B Tpofiaofi TO'IK9 KpHCTan

OCTH~ Hannyqmyro npospaq-

xna}!{.lleanst, 'ITO n aproa, 

~'sn TpOfiHOft TO'IKH 

aang s TO'IKe xpncTannnsa-

Ipospa'IHblM. KCeHOHOM npe.n-

r aMnnnTy.llHast xapaxTepncTn

SHa'laiDT cne.nyromee. · B xa>K-

c'leTaast n aMnnnTy.naast 

OT SaMopa>KHBaiiHSI K SaMOpa

:npOHSBO.llHnHCh, Eonhmast· 

:b!X BO MHOrHX OITbiTaX1 H 

~6na.naeT H . .npyrofi oco6eH-
. ' 

>6'heMHbiM sapst.noM. HaM 

eM . 6bi He sapst>Kancst. 

CTeneHh sapst.nxn acer.na 6hlna nponopunoHanhHa qncny saperncTpnpoaaa

HbiX HMnynhcoa n xoacp<jmune.HTy ycnneHHSI, QqeHh xopowne xpncTannhi, 

o6na.naromne 6onhmofi npospa'IHOCThro, saMeT.Ho sapn>Kannch nnmh nocne 

5•10
5 

OTC'IeTOB npH KoacpcpHUH9HTe ycnneHHst - 100, CKopoCTh C'leTa B KOH

ue sapSI.llKH na.nana .Ha 20-40%, a aMnnnTy.na HMnynhcoa - .no 50%, Kpnc~ 

Tannbl MaToaoro uaeTa sapst>Kannch B HecxonhKO pas 6biCTpee, O.nnaxo, 

ecnn Ha cqeT'IHK He no.naaanoch HanpSI>Kenne, nnn C'leT'IHK ne o6ny'lancSI 

y -KBaHTaMH1 TO 'IYBCTBHTenhHOCTh COXpa.HSinach .HeHSMeii.HOit CKOnh 

yroAHO AOnroe BpeMH, npn .llnHTenhHOfi pa6oTe CO C'leT'{HKOM 06bi'IHO .Hac

Tynan .nnHaMH'IeCKHfi pe>KHM .HaCbiilleHHSI 1 npn KOTopoM .nanhHeitwntt cna.n 

cxopocTn cqeTa n yMeHhmeHne aMnnnTy.llbi nMnynhcoa npexpamanoch, Bbi-

COTa OCTaTO'IHOro ypoB.HSI CKOpOCTH C'leTa H aMnnHTYPhl HMnynhCOB saance-

na o6bi'IHO OT HanpSI>Ke.HHSI: '19M BbiWe HanpSI>Ke.Hne, TeM BbiWe 6bm n 

ypoae:Uh, 

npnMe'laTenh.HaSI 0Co6e.HHOCTh pa60Tbl KCeHOHOBOrO C'leT'IHKa COCTO

HT B ToM, 'ITO npn no.na'le .Ha C'leT'IHK peaepcaoro nonSI -· nonSI o6paT.Hoit 

nonstp.HOCTH - aMnnnTyAoil B 1 KB C'leT'IHK Sa BpeMSI 1 CeK non.HOCThiD 

BOCCTaHaBnHBaeT CBOID .Ha'lanh.Hyro 'lyBCTBHTenhHOCTh HeSaBHCHMO OT 

cTenean npe.nwecTayromefi sapSI.llKH. 

Bee oco6e.HHOCTH H xapaKTepncTHKH C'leT'IHKa npaKTH'IeCKH He nsMe

.HstroTcst, ecnn C'leT'IHK O'le.Hh Me.nne.Hno oxna}!{.llaTh llll>Ke Tpoitaoil TO'IKH 

annoTb .no !eMnepaTypbi >KHAKoro asoTa. 

J1s KpHBbiX pnc, 1 H 2 BH.llll0 1 'ITO C'leT'IHK HMeeT cpaBHHTenhHO illH

.pOKOe nnaTO, MaKCHManh.HaSI CKOpOCTh C'leTa B KCe.HOHOBOM C'leT'IHKe npn

Me p.Ho a .naa pasa 6onhwe, 'I eM a apro.HoBoM C'leT'IHKe. 3To o'6'bSICHSieTcSI, 

no-BH.llHMOMy, 6onhWOti TOpMOS.HOfi CITOC06HOCThro KCeHO.Ha, 

AMnnnTy.ll.Hast xapaKTepHCTHKa C'leT'IHKa HMeeT ABa 'leTKO Bb!pa>KeH

.HbiX y<racTxa - nponopunoHanhHbiti n yqacTox .Hacbirue.HnSI. Koscf>cf>nuneHT 
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MaKCHManbHOrO ycnneHHR Ha nponopUHOHanbHOM yqaCTKe COCTaBnReT 

- 150. 11a puc. 1 BHnHO TaK:lKe 1 'ITO aMnnHTynHhie xapaKTepHCTHKH KCeHO

HOBOrO H aprOHOBOrO C'leT'IHKOB B 3Ha'IHTenbHOft Mepe COBnanaroT, 

B oTnenbHOM onhlTe npoBepRnacb a~eKTHBHoCTb perucTpauuu·y 

KBaHTOB pa3Hb!MH yqaCTKaMH npoBonO'IKH, fing aToro, KaK H B OI!b!Te 

C a prO HOM, KOnnHMHpOBSHHb!H. ny'IOK y -KBaHTOB nepeMe!IlanCR Bnonb 

HHTH. Bhlno aailneno, 'ITO a~~eKTHBHOCTb perucTpauuu no aceil nnune 

HHTH onHHaKOBa, 

ITpoaepRnacb TaK:lKe pa6oTa C'leT'IHKa c neoqumeHHbiM KCeHoHoM, 

B KOTOpOM npHMeCH KHCnopona, aaoTa H napOB BOn hi COCTaBnRnH 10-5 • 

8To uccnenoaanue noKaaano, 'ITO KpHCTann KCeHoHa aapR:lKaeTCH o6~eM

HbiM aapRnOM HeCKOnbKO 6b!CTpee, qeM KpHcTann H3 O'IH!IleHHOro KCeHOHa. 

fing BOCCTaHOBn~HHH 'IYBCTBHTenbHOCTH naHHOrO C'!eT'IHKa Tpe6oaanOCb 

nonaaaTb peaepcnoe none aMrrnuTynoft ~ 2 KB, 

llnuTenbHOCTb rrepennero ~poHTa HMnynbcoB aaancena OT cTenenu 

COBepmeHCTBa ( npoapa'IHOCTH) KpHCTanna H OT OnbiTa K OnbiTY Kone6anSCb 

B npenenax 0,5-5 MKCeK. 0Tcrona 6hmo Hailneno, 'ITO nonBH:lKHOCTb nono-

:lKHTenbHbiX aapSinOB B TBepnOM KCel!Ol!e COCTaBnRna 10-1 

- 10-2 , CM2 a-1 CeK-1, 8TO 3Ha'lel!He 6nH3KO K BenH'IHHe nonBH:lKliOCTH 

2, to-2 CM2 B-1 CeK-i, nonyqeaaoft B /S/ 

5. Hccnenoaanue cqeT'IHKa c TBepnhiM MeTal!OM 

TaepnhiH MeTaH 

KpeMliHR u anMaaa 

perneTKy, nono6ayro HMeeT 
/10/ 

lloaTOMY MO:lKl!O 6hinO 

pemeTKe 

O:lKnnaTb 1 

'ITO B TBepnoM MeTaHe non:lKl!bl aa6nronaTbCR KaK nonBH:lKliOCTb aneKTp0liOB1 

TaK H HX pa3MHO:lKeHHe, B CBR3H C 9THM npencTaBnRnOCb HHTepeCHblM Bbl-

nonl!HTb Onb!T C 9THM Be!IleCTBOM, 

raaoo6paal!bill: MeTaH nepen· ucnonbaoaaaneM a ctieT'IHK 

OT nerKHX H TR:lKenbiX ~paKUHll: IIyTeM MHoroKpSTHOft nepeKp: 

u oTKa'IKH. ITo HalllHM oueHKaM, cyMMapnoe KonuqecTBo npur 

!Ilel!HOM ~eTaHe OCTSBanOCb Ha ypOBHe to-5 - 10-6 o6~eMHl 

PeaynbTaT naaaoro OIIbiTa 6bm TaKHM, 'ITO · HaM ae ~ 

'IHTb npoapa'!Horo KpHcTanna. ~hl ae aaperucTpnpoaann TaK 

nynbCOB OT y -KBaHTOB1 ~OTR HanpR:lKeHne Ha C'!eT'IHKe llOC 

3TOT peaynbTaT1 B03MO:lKHO, o6~RCHReTCR TeM, 'ITO B KpHCT~ 

MHoro npHMeCHhiX ypoaaen aaxaaTa aapSinoa. He ucKnro'leHo 

B KpHcTanne MeTaHa o6paayeTCR 6onbrnaR nnoTHOCTb nucnoK. 

TbiX ypoBHRMH aaxBaTa. B nonbay aToro npenrrono:lKeanR can 

TeMHbiH UBeT KpHCTanna. 

6, 06cy?KIIeHHe H Bb!BOJlbl 

B nnaae paapa6oTKH neTeKTopoB c nnoTaon cpenon non 

peaynbT8Tbl C HHTRHbiM KpHCTannHqeCKHM C'leT'IHKOM RBnRro'I 

aaromHMH. TaKue ctieT'IHKH o6nanaJOT xopornen aocnpouaaonu.r. 

TepHCTHK 1 . HMeroT lllHpOKOe C'leTHOe nnaTO H. 6onblllOii K09~~H 

uuoaanbHoro paaMHO:lKeHHR aneKTpoao5. HenneanbHOCTb cTpy 

KpHCTanna He CHnbHO OTpa:lKaeTCSI Ha XapaKTepHCTHKSX . C' 

ITongpuaauuR KpncTanna o6~eMHhiM nono:lKHTenbHhiM aapRnoM 

qaeB MO:lKeT nerKO HeHTpanH30BaTbCR nyTeM KpaTKOBpeMeHHI 

c'leT'IHK. peaepcnoro nong ae6onbmon aMrrnuTynhi. 

CTa6HnbHaR pa6oTa KpncTannnqecKoro.cqeT'IHKa OTKphl 

· THBbl coanaHHR HHTRl!biX KaMep 6onblllOro paaMepa, HHTH B l 

.CTporo lj>nKCHpOBSTbCR .B npoc:rpaHCTBe aa C'leT KpHCTannH38 

CMe:lKHbJe· aneKTponhi B TaKHX KaMepax non:lKHbi BhmonHRTbC51 

tieK paaaoro nuaMeTpa: anon - ua TOHKHx, KaTon - ua 6one 

HnH nnaCTHH, TaK KaK ·a nonRX 0,5-1 MBfCM npOHCXOnHT HH1 

HH:lKeKilHR aneKTpOHOB . H3 KaTona B TE}epAbiH nuaneKTpHK, 



10M y~aCTKe COCT8BnsteT 

o:tllhie xapaKTepHCTHKM xceao

:.aofi Mepe COBIT8ll810T. 

lTMBliOCTb perMCTp8UMH y 

lSI 9TOro, K8K 1:1 B OITbiTe 

.aaToB nepeMemancsr anonh 

'MCTpauHM no Bcefi nn~:~ae 

aeo~MmeaabiM xceaoaoM, 

DB BOllbl COCTaBnstnM lQ.J) • 

:ceaoaa 3apmKaeTcst o5'beM-

rann M3 o~Hmeaaoro xceaoaa. 

bCOB 38BMcena OT CTeneaM 

JT OITbiT8 K OITbiTY KOne5anSCb 

eao, ~TO ITOllBM~liOCTb ITOnO

COCTaBmrna lQ-J . 

3KO K BenH~Hlle ITOllBM~liOCTM 

mllb!M MeT8liOM 

aono5ayro peweTKe 

:ao . 5bmo o~MllBTh, 

K8K ITOllBH~liOCTb aneKTpOliOB, 

llCTaBnstnOCb MliTepeCllbiM Bbl-

I 
I 

l 
~ 

fa3005p83llblll: MeTal! nepell MCITOnb30B8liMeM B C~eT~MKe O~Mwancg 

OT nerKMX M Tst~enbiX lj>paKUMfi ITyTeM MliOroKp8TliOfi nepeKpMCTannM38UMM 

M OTKS~KM. llo li8WMM OUeliK8M 0 CyMMapaoe KOnM~eCTBO ITpMMeCM B O~M

wellliOM ~eTaae OCTSBanocb 118 ypoaae 10-6 - J0~6 05'beMllbiX ~8CTefi. 

Pe3ynhTaT naaaoro onbiTa 6bm TaKMMt ~To · naM ae ynanocb nony

~MTb npo3paqaoro KpMCTanna. M hi ae 3aperMcTpMpoBanM TaK~e B a eM MM

nynhCOB OT y -KB8liTOB1 XOTSI llaiTpst~eHMe Ha C~eT~MKe llOCTMrano 20 KB. 

3TOT pe3ynbTaT1 B03MO~H01 OO'bSICHsteTCSI TeM1 'ITO B KpMCTanne ObinO 

MHoro npMMeCHbiX ypoBHefi 3axBaTa 3apsrnoi3. He MCKnroqeao TaK~e, 'ITO 

B KpHCTanne MeTaHa 06pa3y9TCSI 5onbW8SI nnoTHOCTb llMCnOKSUMfi, 5ora

Tb!X ypoBHstMM 3axBaTa. B nonh3Y aToro npennono~eHMst CBMlleTenhcTayeT 

TeMHbifi UBeT KpHCTanna. 

6. 06cy~netme M BbiBOilbi 

B nnaae pa3pa5oTKM neTeKTopoB c nnoTHofi cpenoll: nony'leHHbie 
. . 

pe3ynbT8Tbl C HMTSIHbiM KpMCTannM'leCKMM C'l9T'IMKOM stBnstiOTCSI OOHSlle~ M-

~810WMMM.TaKM9 C'l9T'IMKM o6nall810T Xopowell: BOCITpOM3BOllMMOCTbiO XapaK

TepMCTMK, MMeiOT 111HpoKoe c~eTaoe nnaTo M. oonbwofi Koalj>lj>MuMeHT nponop

UMOHanhHoro pa3MHO~eHMSI aneKTpOHOB. HeaneanbHOCTb CTpyKTypbl 

Kpi:ICTanna He CIInbHO OTpa~aeTCSI Ha xapaKTepMCTMKSX . C~eT'IHKSo 

nonstpM38UMst KpMcTanmi o6'beMHbiM nono~MTenhHbiM 3apsrnoM a psrne cny

qaea MO~eT nerKO HefiTpanM30B8TbCSI ITyTeM KpaTKOBpeMeHHOfi ITOil8~H Ha 

c'leT'IMK peaepcaoro nonsr ae5onhwofi aMnnMTYllbi. 

CTa6MnhHast pa6oTa KpMCTannMqecxoro.c~eT'IHKa oTKpbiBaeT nepc~eK-

. TMBbl C03ll8HHSI HMTSIHbiX KaMep 6onbWOro p83Mepa, UHTM B KOTOpbiX ~oryT 

CTporo lj>HKCHpOB8TbCSI B npOCTpaHCTBe 38 C'leT KpHCTannM38UMH BemecTBa. 

CMe~Hbie· aneKTpO/lbl B TaKMX KaMepax llOn~Hbl BbiiTOnHstTbCSI M3 npoBono

~eK pa3HOrO llHSMeTpa: SHOll - 1:13 TOHKHX, KaTOil - M3 6onee TOnCTbiX 

HnM nnaCTMH, TaK KSK B nonstx 0,5-1 MBICM ITpOHCXOllMT MHT9HCMBHast 

HH~9KUHH aneKTpOHOB M3 K8TO/l8 B T~epllhlfi llManeKTpMKo 
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/11/ . 
B ceeTe npennomeHHH DonrorueHHa H np. : no paspa6oTKe neyx-

¢asHoii: KaMepbl C nepeHOCOM aneKTpOHHOrO cnena H3 mHAKOCTH B ra3 

npeAcTaBnHeTcH eecbMa nepcneKTHBHhlM cosnaTb nono6HyiD KaMepy c OAHOii: 

nHUb lf>aaoii: - KpHCTannH~eCKOH, HHTH B TaKOH KaMepe MoryT aaMO~amH

BaTbCH B6nH3H 60KOBhlX CTeHOK H pa3MHomeHHe aneKTpOHOB 6yneT TipOHC

XOnHTb HenocpeACTBeHHO B KpHCTanne, B npHHUHTie anecb BHAHa name 

eoaMomHoCTb perHcTpauHH neyx npoeKuHfi cneaoe ~acTHu. Deii:cTBHTenbHo, 

ecnH B Ka~eCTBe pa6o~eii: cpeAbl HCTIOnb30BaTb1 HaTipHMep, KpHCTannH~ec

KHii: renTaH
1 

reKCaH HnH 6eH30n, B KOTOpbiX aneKTpOHhl 3aXBaThiBaiDTCH 

Ha MenKHe aHepreTH~eCKHe ypOBHH /12,13/, TO ABYMH TIOCnenoeaTenbHhlMH 

TIOACBeTKaMH aneKTpOHhl B cneAaX ~aCTHU MoryT 6b!Tb OCB060mAeHbl H3 

noByllieK H TpaHCTIOpTHpOBaHhl nnH paMHOmeHHH H perHCTpaUHH K aneKTpO

naM, npeAcTaBnHIDtUHM co6oii: opToroHanbHhie nnocKOCTH KaMephi. 

Ceii:~ac npeACTaBnHeTCH 1 ~TO TBepAOTenbHaH HHTHHaH KaMepa MOmeT 

6biTb paapa6oTaHa TaKme Ha KpHCTannn~eCKOM renHH 1 B KOTOpOM aneKTpOHhl 

H AhipKH o6naAaiDT 6onbrnoii: noABHmHoCTbiD I 141. Opo6neMaTH~HhiM ocTa

eTcH eonpoc o6 HcnonbsoeaHHn B c~eT~HKax HnH KaMepe TBepnoro BOAopo

na, TaK KaK B HeM He o6HapymeHa TIOKa TIOABHmHOCTb 3apHAOB /14/, 

B aaKniD~eHHe aBTopaM npHHTHo no6naroAapHTb B.n. Dmenenoea, 

E.M. OoHTeKOpBO, r.H. CenHBaHOBa, n.M. CopoKo, B.H. HHKaHopoBa aa 

HeH3MeHHhiH HHTepeC K naHHOii: npo6neMe H TIOAAepmKy B pa6oTe, 
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119ll8 H3 )K HllKOCTH B raa 

!lTb nono6ny10 .KaMepy c onn,otl: 

H: K8Mepe MOryT 3aMOp8)Kif-·' 
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Eiunne anecb ennna na)Ke 
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'b, nanpnMep, KpncTannnqec-
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