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(IlpencraBiena HayunblM ceMHHApoM Kadeaphl TeXHHKH BBICOKHX HampsKeHHH)

[Ipn MHOronaBUHHOCTPUMEPHOM MexaHH3Me (OPMHUPOBAHUA paspAna
B TBEPABIX JAH3JEKTPHKAX 0 3apokKAeHHs cTpUMepa Ha akoje, IPHUBOAAIILErO
K npo6oio, B Majylo 00/JacTb aHoAa MNPHUXOJHMT HECKOJbKO 3JIEKTPOHHBIX
aasuH [1, 2]. I1pu 3ToM 37eKkTpHYecKass NPOYHOCTb 0OPATHO NPONOPLHOHAb-
Ha IJIOTHOCTH TOKa 3MUCCHU C Karoja [2], uTo noaTBep:kaaercs 3KCIepHMEeH-
TaMH [0 BJAMSIHHIO 0OGJyueHHs KaTojaa VAbTpaduOJeTOBLIM CBETOM H Mare-
pHaJia KaToJAa Ha 3JIEKTPUUECKYI0 MPOYHOCTb KaMeHHOH ceusu. CienoBaTelh-
HO, YMeHbIlIasi SMUCCUIO C KaTOAa, MOXKHO JAOOHTbCA YBEeJHYEeHHs 3JeKTpHYe-
CKOH MPOYHOCTH.

Ilpu wm3yueHHUH HUMNYJbCHOH 3JEKTPONPOBOAHOCTH I@JOYHOTaJOUIHBIX
KPHCTaJ/JIOB OBIIX MOJy4eHbl 3aKOHOMEPHOCTH, yKasbiBalollue Ha GOpMHPOC-
BaHHe OTpPHLATeJbHOTO OObeMHOro 3apsja B o0JlacTH KaToja 3a CYeT oce-
JaHus 3JEeKTPOHOB B J0BYyIIKaX [4], KOTOpBIH OrpaHHYHBAET TOK SMUCCHH C Ka-
tona. CospaHue NMPUKATONHOrO IPOCTPAHCTBEHHOIO 3apfijfia pacCMOTPEHO
B psifie Apyrux paoor [5, 6]. B uactHoctH, B [6] ykaspiBaeTcss Ha XOpOIIYIO
YCTOHUUBOCTb MPUKATOAHOTO IPOCTPAHCTBEHHOTO 3apsaja.

B nacrosinieit pabore npuBOASATCS JaHHBIE 10 H3MEPEeHHIO 3JeKTPUYECKOH
HPOYHOCTU HIeJOUHOTaJOHAHBIX KPHCTAJJIO0B, KOTOPble NpeABapUTeNbHO MO~
BEPraJIuCh JAEHCTBUIO CHJIBHOTO 3JIEKTPHUYECKOro MOJs.

JKcnepuMeHT

OOBeKTOM HCCJeOBAHHUS CAYXKHJIH MOHOKDHCTAJJIbI KaMeHHOH COJIH
(ronmunoit 10 u 60 mx) m KBr (toamunoit 10 mx). O6pasuel u3roraBauBa-
Jauch no Meroauke {7]. B rauecTBe mMaTepuaJsia 3JeKTPOAOB HCHOJb30BAJICSI
HACBHIIIEHHbI PAaCTBOP COOTBETCTBYIOIIEH COMU (3J€KTPOJUT — ) H rpadur.

Ha wnccnenyembiii o6pasell Au3/eKTPHKa MpeABapUTENbHO I04aBajoch
HECKOJIbKO HMMIYJbCOB NPAMOYTOJbHON (OPMBI € AJHUTEJNbHOCTbIO (POHTA
510 6 cex u amnautyaoi Ha 30% HuXKe npoOuUBHOK. 3aTeM aMIIUTyAa yBe-
JHYMBaJsach ¥ oOpasen npobusaJicd Ha HPOHTE HMITYJIbCA.

Ha puc. 1-—3 noka3ausl 3aBUCHMOCTH BePOATHOCTH 11po6GOs AU3/IeKTPHKA
oT HanpsikeHrocTd noas ¢=f(E). V3 aTux KpHUBBIX BHAHO, YTO B clydyae
npeiBapUTEIbHON MOAAYH Ha HCCAeAyeMBIi oOpasel Au3IeTpHKa HebOoJb-
LIOT0 KOJIMYECTBA MMIYJbCOB HAINpsKeHHS ero 3JeKTpHyecKasd MPOYHOCTD
Bo3pacrtaer. [Ipu Hcrno/sb30oBaHUM TPa@UTOBLIX 3JEKTPOAOB 3JeKTpHUYECKasd
NPOYHOCTh KaMeHHOH coiiu (d = 60 mx) npu nojade 2--3 mpeaBapHTEJbHBIX
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L)
UMIyAbcOB yBeanuuBaercs: Ha 269%, npu 90% sepositHocTH mpobosi (puc. 1,
KpuBasi 1—2) 1o cpaBHEHHIO C 3JEKTPHYECKOH NMPOYHOCTBHIO TAKUX 7Ke 00pas-
I0B, HO 6e3 IpeABapUTeJbHON 110a4u
UMIYy/AbCOB HanpszxeHus (puc. l, Kpu-
Basg 1-1),

Ilpu nopaue 10 mpeaBapUTeIbHbIX
umnyasco £ He usmensiaaco. Kpu-
Bad II—1, 2, puc. 1 nokassiBaeT aHa-
JIOTHYHBIE 3aBUCHMOCTH /IS KaMEHHOH -
cosiu TonuuHod 10 mKk ¢ rpaduTOBBIMH
3JIEKTPOJAMH.

IIpu nomaue 2+3 npeaBapuresn-
HBIX HMIYJbcos, Ipu 90% BeposATHO- : )
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3 Puc. 2. 3aBucHMocTs NPOGHBHOH Ha-

npsaxednoctd  KBr tomniumoit 10 sk
OT BEPOATHOCTH MPOGOSI C 3JMEKTPOJIH-
TOBBIMM  3JIeKTPoAaMu: 1 — Ges mpen-
BAPHTEJBHOTO  BO3AEHCTBHS HUMIYJIb-
CHBIM HanpsikeHueM, 2 — C NpeaBapH-
TEJIbHBIM  BO3JI€HCTBHEM HATPSIXKEHHEM.
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Puc. 1. 3aBucumocts npo6us-
HOM HaNpSIKEHHOCTH KaMeH-
HOH COIH OT BepPOATHOCTH
npo60osi ¢ TPAaPUTOBLIMU IJIEK-
TPOJaMH: I — Tosmmpina
d=60 mx; Il — tommuuua
d = 10 mux, | — 6e3 npexBapu-
TEJIbHOIO  BO3JEHCTBHA Ha-
npsiZKeHueM, 2 — C NpeaBapw- 25 ek, |
TeJAbHBIM BO3JEHCTBHEM Ha- s 20 40
npsXKeHneM, 3 — ¢ TpeaBapH- ‘
TeJbHbIM BO3/IE{CTBHEM HM-
nyJabcoB M cnabbiM  OcBelie-

50 20
@, o

Puc. 3. 3aBucuMOCTb TNPOOGUBHOH Ha-

HHEeM YAbTPa(QHOJETOBBIM
CBETOM, 4 — C mpenBapHTE/]b-
HBIM BO3JE€HCTBHEM HMITYJIb-
COB M CHJIbHBIM OCBeILeHHEM,
5 — BAMSIHHE H3MEHEHHsi TO-
JSIPHOCTH HMIIyJIbCA.

NMpSiZKEHHOCTH KaMEeHHOH COJIH TOJIIHU-
Ho#t 10 mk OT BeposTHOCTH Npo6Gosi ¢
JKHIAKOCTHBIMH  3JIeKTpogamu: | — Ge3
NpeJBAPUTENBbHOTO  BO3JEHCTBHA Ha-
npsizkeEueM, 2 — ¢ MpeJBapHUTEIbHBIM
BO3/IEHCTBHEM HamNpszKeHHeM.

32%, uro cBUAETEJIBCTBYET 06 yCHAEHHH 3TOro 3ddeKkra ¢ yMeHbIIeHHeM

TOJIIIHUHBI.

Hasa kpucraniao KBr 10 sk ¢ sjaekTporamMu U3 3aeKTpoauTta (puc. 2)
ynpounerue cocrasasiet 30% npu 90% BeposiTHOCTH MTPOGOA.
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Ilpu uccae10BaHUH 3J1€KTPUUECKOH MPOYHOCTH KAMEHHOH COJIH C KHJ-
KHMH 3J/IeTPOJIaMH IocJ/e NpeJBapHUTeIbHOH MOJauu HANpPSKeHHs, YIpOUHe-
Hue obHapyzKeHO He OblIo (pHC. 3).

Bouin nposesenbl HccaeN0BaHUSA 110 BAHAHHIO 06JydYeHHS yJabTpaduoJe-
TOBBIM CBETOM Ha BeJHWUMHY VIIDOUHEHHSI.

C 370#t 1eabl0 06pa3lbl KAMEHHOH' COTH ¢ TPAGHUTOBBIMH 3JIEKTPOAMH
nocsie NpeiBapHTENbHOr0 BO3/JeHCTBHSL HANPSKEHHST 00/JyYaauch HCKPOBBIM
paspsAaHUKOM, a 3aTeM NPOOUBAJIUC.

Boelio naiineno, yto 3gp¢eKT ynpouyHeHHsI AUINIEKTPHKa CHUMAaeTcs NpH
aautTeabioM obayuenun (20 ummyabcoB nautenabHocTbio 20 mxcex puc. 1,
kpuBasi [1—4). Ilpu kpaTKoBpeMeHHOM OOJyYeHHH 2—5 NOJACBEUHBAIOLIH-
MU HMIYJbCAMU HMeeTCs JIHIIb HeOOoJbllloe CHUXKEHHe 3JeKTPUUYecKOH Mnpou-
woctu (puc. 1, xpuBas I11—3).

D¢ dexra ynpouyHenusi He OblIO 0OOHapyXkKeHO B oOpa3lax M3 KaMeHHOH
€OJIM ¢ rpa(UTOBLIMH 3JEKTPOAAMH, €CJU Ha HCCAeAyeMbli obpasel mocJae
npefBapUTe]bHOrO BO3JHCTBUS MMIYAbBCHBIM HaNpsKeHHeM MOAaBaJsICs
UMITYJIbC MPOTHBOMOJIOKHON noJspHocTH (puc. 1, kpuBas 1—5).

\

OG6cyXneHue pe3yabTaToB

Ilpu ucnonb3oBaHuu rpaduta B KauecTBE MaTepHasa KaToAa 3MHUCCHS
5JI€KTPOHOB, o0ycoB/IeHHass neldcTBylouum noaem E, yBenuuuBaercsa 6Jaro-
Japsi HEPOBHOCTSM Ha SMHTHUPYIOUIEH MOBEPXHOCTU B pe3yJbTaTe MeCTHOTO
vBesnunueHusi mossi. Kpome 1oro, skcnepumenrta/nbHo HaujgeHo [3], 4To 3/eKT-
puyecKasi MPOYHOCTb TBEPJAOro JAM3JEeKTPHKA NPHU TpadUTOBBIX 3JEKTpoAax
HUKe 110 CPAaBHEHHIO C HCIOJAb30BAHHEM JKHAKOCTHBIX 3J€KTPOA0B. MOKHO
CUMTATh B 3TOM CJiyuyae, 4YTO SMUCCHS 3JIeKTPOHOB C KaToAa HauuHaeTcd B 6o-
Jiee caabom cpenHeM noJie 'Eey Ha aHONe NPU MHOTOJABUHHOCTPUMEPHOM
MexaHH3Me Mpo6os. DMUTHPOBAHHBIE 3JEKTPOHBI YACTHUHO OCEAAIOT B JO-
BYyLIKaxX U 00pa3yIloT oTpullaTe/bHbli 0ObeMHBIH 3apsAf B MPUKATOAHOH 00Ja-
CTH, 5KPAHUPYIOLIHHA 3MHUCCUIO ¢ HEPOBHOCTEH KaTOLHOU NOBEPXHOCTH.

Ilpu sTOM 3aTpyaHsieTcsl HaKONJIeHHe 3apsi/l0oB y aHOJAa M 3apokKAeHHe
CTpUMepa TocJje NpeABapUTeIbHOrO BO3JAeHCTBHSI HanpsikeHueMm. s Toro,
4yToOBI NpoU30LIesa NMPoOOH B 3TOM cJiayyae, TpeOyeTcsa yCHJIeHHe HaMpsKeH-
HOCTH MOJIS.

[Ton neiictBueM yabTpaduCaeTOBOTO OOJYUYeHHSI 3JEKTPOHbI YACTHYHO
0CBOOOXKAAIOTCS U3 JIOBYIIEK M yacTHYHO paccenBalorcs. Ilpu sTom 3kpa-
HUpYIOIllee IeHCTBHEe OTPHILATeJbHOIO O0OBEeMHOro 3apsaga yMeHbIIAeTCs
1 a ekt yinpoyHeHdsI HECKOJbKO cHUkKaeTrcd. [Ipu anaurtesbHoM oOaydeHHU
OTPHIlATeJbHBIA 3apsifi BOJM3H TOYEK 3MUCCHH HA KaTole pacceuBaeTcst
B 3HAUUTE/NbHOH CTENeHH U YIPOUHEHHe MOJHOCThIO CHHMAaeTcs.

[Ipu npnutenbHOM BO3AeHCTBHH HamnpsizkeHuss (6O0JbIIOe YUCIO TpeaBa-
pPUTENIbHBIX UMIYJAbCOB) 3(deKTa ynpouHeHHs He HabJaogaercs. JTO, BHIM-
MO, CBSI3aHO C TeM, YTO IJIOTHOCTb 0OpPa30BaBILerocsi OTPULATeNbHOTO0 00beM-
HOTO 3apsAja OYeHb BeJHKA H TOSIBUIACh BO3MOXKHOCTb OCBOOOXKIEHHUS 3JIeKT-
POHOB M3 JIOByLIEK 3a cyeT nojsi £, 4To NPUBOAUT K CHHIKEHHIO 3JeKTpHYe-
CKOH MPOYHOCTH.

" Ilpu ucnonp3oBaHuy KUAKKEX 3/J1EKTPOJOB, KaK MOKAa3bIBAIOT H3MEpeHHS
3JEKTPOnpoBoAHOCTH [4], TakKe co3naercss OTpHIATENbHBIH OObEMHBIH 3apst
B6u3Hu KaToja. [lpeacraBasercs, UToO SMHCCUSI H3 KHUAKOTO KAaToJa NMPOHCXO-
nuT Gaarosaps HaJUYUIO B KpPHCTa/Je BOJU3M KaToJa OTPUILATENbHBIX Ba-
KaHCUH. Bplnerawoliue ¢ KaToaa 3JeKTPOHBI YaCTHYHO OCeNaloT B OTPHILA-
TeJbHBIX BaKaHCHAX, UTO NPUBOAUT K CHHKEHHIO TOKa sMuccuu. [IpexBapu-
TeJbHO IMOJAHHbIE UMIYJAbChl HAMpPSKEHUS MOTYT NPHUBECTH K 0OPA30BAHHUIO
OTPHUILATEJbHOTO 00bEMHOTO 3apsifia y KaToAa 3a cYeT 3aXBaTa 3JEeKTPOHOB
BAaKAHCHSMHU, UTC MOKeT 00yC/JOBUTb BO3pacTaHHe 3JeKTPHUUYECKOH NPOUHOCTH.
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Ilpy HccieqoBaHMH HMIYJIbCHOH 3/J€KTPONPOBOLHOCTH OBbLIH OOGHApyKe-
Hbl 3HAUUTeJIbHbIe 3/1eKTPOHHBIe TOKH B KpHcTasiax KBr u KCI.

B kaMeHnHoii cosm TIpH HCHOOJb30BAHHM JKHIKOCTHBIX 3JIEKTPOJOB
B IIpejeJax YyBCTBHT2/IbHOCTH cxeMbl (5-10—% a/mm 3Kpana ocuuIIO-
rpada) ToxoB ob6HapyxkeHOo He Obl10. [IcaTOMYy CTaHOBHTCS MOHSATHBIM (akr,
4YTO B KAMEHHOH COJIM ¥ He HabJoJaeTcss yIpOUHEHMs IOCJ/e NpelBapuTe/b-
HOTO BO3/1eHCTBHS HANPSKEeHHUs].

BriBOEbI

I. O6HapyzKeHOo NOBBIIIEHHE 3JEKTPHUECKOH MPOYHOCTH B KPUCTAJIAX.

kameHHOH cosnu u KBr nocne npeaBapHTe/bHOrO BO3JEHCTBHSI HMITYJbCHBIM
HanpsizKeHHeM.

2. DbdexT ynpouHeLHuss CHUMaeTcss IHocje OOJy4YeHHSI AHSJEKTPHUKa
yJAbTPadHONETOBBIM CBETOM.

3. YHpqueHHe TBEPAOTro JmaJIeKTana oObsicHsieTCsi 0oOpa3oBaHHEM
B IPHKATOJAHOU 00/1aCTH NPOCTPaHCTBEHHOIO 3apsja.
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