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I'YT NPOHCXOIHTE BAEKTPHYeCKHE pgap:::-
Ibi, & OHM, KAK HM3BECTHO, cBeTATCH. Ho
ec/Ii MIEKTPH3YIILYIOCH H JHIHYLLYIO
K 4YeJIOBEKY OJeXAY MOMHO CYHTATH
MeJIOUBIO, TO YeJOBEKY, HANeKTPH30-
BABIIEMYCH OT XOMJAEHHMA TO JIHHOJeY-
MYV, He 0 cMeXa — MnpH npudJanxeHHH
K MeTaJNIH4YeCKOMY ODODYAOBAHHIO C ero

" Masiblig CPBIBAETCH CAHTHMETDPOBAA MCK-
pa. Muorga pocTtaTouHo CHATE ¢ cebs
pybamwIky M3 CHHTeTHYecKoil TKaHH,
yToOEl NpH NpHOAHKEHHH PYKH B BOJO-
NpoOBOAHOMY KpPaAHY MNOJYYHTE OILYTH-
MBIH VIAD. A CKOJBKO YYBCTBHTEJIbHBIX
MOJYNPOBOAHHKOBEIX NpubopoB 6bLJ10
HCMOPYeHO 3JeKTPOCTATHYECKHMH Das-
pagaMi, MOKA He CTAJH NOKPLIBATE
MoJLl HA MOHTAXMHBIX YYACTKAX NPOBO-
nﬂmeﬁ KPAacKOoH .,

Bonee cepbesHbleé MOCHEACTBHA — H
erKo JOrafaThed KAKHEe — MOTYT ObITh
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CBEYMBAIOTCA — NPH al‘h;m mo-  pore. Jlau ¥ 06L1unEIX aBTOMOGH el Yac-

Tucm TAKAH JIEHTOYKA M3 MPOBOAAILEH
peanHel... OnacHa aJeKTPH3ALHA TPeHH-
eM B [IPOH3BOACTBEHHBIX NMOMEIeHHAX,
rae MpHCYTCTRYIOT Mapbl HAH NBIJL I'O-
PHOYHX BeleCTB, — BhI3bIBAEMbIE €10
paspAibl MOIYT NPHBOAHTL K B3pbiBaM.
B CIMTA, nanpumep, ¢ 1900 no 1959 rox
OBIO 3APErHCTPHPOBAHO OKOJIO JABaJLLA-
TH TAEKHX BE]IHBDB: npH aToM Morudao
OKOJIO JeCcATH yesoBeK H OBLT NpHYMHEeH
yvilepd Ha cyMMmy ABa MMJIJHOHAa »A0J-
napos. ECTe OT aJeKTpU3aAlME TPeHHEM
H TOJAL3aA: 3TO — NpocTelmuii cnocob
NONAY4YeHMA  BBICOKHX  HanpsmeHHI.
ITomuuTe anexrpodopHyo MamuHy? A
ee scTapuinii GpaTs — resepatop Baum-
ne-I'paacda — eme He Tak AABHO OBIA
Hanbonee pacnpocTpaHeHHBIM HCTOYHH-
KOM BRICOKMX Hanps:xenuit (no 20 MB).
H HakoHel, snexkTpH3alLMA TPeHHeM —
Mo-BHAHMMOMY, TMepBOe 3JEKTPHYECKOE
ABJeHHe, KOTOpOe H3y4aJH JIOIH.

TeicAuM JMeT Hazaj] JOAM 3HATH, 4TO
NpH TPEHHMH HEKOTOPBIX BellECTE OJHO
0 ApYroe oHM, Kak mMbl OBl cefiuac cxkasa-
M, aJeKTpHusyoTcA. He HeKAO4YeHOo,
YTO [ApPeBHeerHneTcKHe H JpeBHerpeye-
CHHEe HPeIlk MOPamany nydnury apeau-
ueM rpebiA, NPHTATHBAIOINETD KYCOUKH
nanupyca. OaHaro, HecMOTpA HA CTONB
APEBHIOK MCTOPHIO, C© JeKpH3aiMeH
TpeHHEeM He Bee AcHO Ao cHx nop. Koraa-
TO MOJATANH, YTO €CTh HEKAR JIeKTpH-
YeCcKad MHIKOCTh, MepeTeKaolian oT Te-
na K Teny NpH KOHTAKTe, & TeIo ¢ ee
HEJOCTATKOM NMPHTArMBAETCH K TEIY C ee
H3DBITKOM.

Koraa moaH OTKPBLIIM 3JeKTPOH, OHH
MOHAIH, YTO HA3INEKTPH3OBAHHOE TEJI0
AOJIFRHO COAepKaTE HAbkITOK MIH Hemo-
CTATOK 3IJIEKTPOHOB, M CTANMH CYHTATH,
YTO MPH TPEHHH 3JeKTPOHB NMepeXoIAT
OT ojaHoro tTena K apyromy. Ho Taxoe
3aKAIYeHHe DBIJIO He BnofiHe oDocHOBA-
HO: B OHSNeKTPHKEe — HA TO OH M AH-
ANEKTPHE — 3JIEKTPOHBI HE MOTYT JABH-
raTbed cBobogHo. CyllecTBeHHERIN Ipo-
rpecc B MOHHMAHHH TOro, KAK TIpPOMC-
XOJAHT 3JeKTPH3AIHA TpeHueM, Obln Ko-
CTHTHYT B mnoclefHee AecaTHaerHe. 06
3TOM W NoiigeT AAJbIIEe pedb. JKCINEPH-
MEHTBI, 0 KOTOPBIX OyZeT PpacCHA3AHO,
BeImoNHAANcE B 1969—1977 ropax
B PHINKO-TEXHHUYECKOM HHCTHTYTE MM.
A. D, Hode B Jlenuurpane. Jisa 1u-
AHHAPHKA M3 XOPOUIHX JAHIJIEKTPHKOB
(redb1oH, AHTAPL, DPYOHH, OPreTeRIO),
nuamerpom 10 MM ® BrlcoTOolt 14 MM,
NpPHAHMAJAHCE OJHH K ApYyroMy Toplia-
MH M Bpallanuck co ckopoctsio 0,5 o06/c
OAHH OTHOCHTENBHO JApPYyroro (pPHCYHOK
1,a). Yepea tpn ofopora HIMepANHCH
3apAAbL UHIHHAPHKOB, M8 4Yero OHH
pashLeHHAIHCE H MO o4YepelH MOMella-
AHeh B KaMepy, COEIHHEHHYIO C 3JeKTpo-
meTpoM (pHcyHOK 1,0); moToM OHH ONATH
CTABMIMCE OJHH Ha Apyroil, genaiock
eute Tpu ofopoTa, ONATE H3MEDAJIHCE 38-
paabl, W Tax aanee. Oxasanoch, 4To HC-
XOLHO HeliTpanbHble OOpasnsl NpH Tpe-
HHH z3apsxapTcAa. CymmMa HMX 3apaAlos,
OLHAKO, OCTaeTCa papHod mymw. Creno-
BATe]LHO, B [TPOLECcCce TIEPEHOCA 3APAAOB
HE VHACTBYET «TPETHH JMHIIHHH»,

[anee, okasalock, YMTO NPH Bpaule-
HHH IMJHHIPDHKOB 3apAfLl HX CcHa4aJa
NocTeneHHo yBelWYyHBawTeAs (y OJHO-
ro — OTpHIATEeNBHBIH, ¥y JApyroro —
MONMOMUTENLHEIR), & TPH CKOPOCTH TIPH-
MEpHO TPHAUATL OOOPOTOB B CEKYHIY
erabuauanpyiorea. Ilpoeroe kacaHde
UMAHHAPHKOB NEpeHoCca 3apfAfia He Bhl
3BIBAET, TO eCTh CYUIECTBEHHO HMeHHO
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TpeHue. HakonaeHHw# 3apal cOXpaHA-
eTCH HECKOJABKD HelgeNk, HO TOJIBKO ECJIH
nep:xaTk ofpaaell B KaMepe, JHIIEHHOH
AocTvna Boaavxa. Ha oTKPEITOM BO3AYXE
3apAL ¢VTeKaeTs 3a CYTKH — MHMew-
IMHecA B BO3AYXE HOHBI MPHTATHBAKTCH
K MNoBEPXHOCTHRIM 3apagam obpasuna
WM HeliTpanuaywT ux. (Memxpgy npounm,
Ha aToM addexTe ocHOBaHO JAelcTBHe
OJLHOTO M3 TIPpHOOPOE, HAMEDAKIHX J03Y
pagHOAKTHBHOrO obnydeHHA: Haayye-
HHE HOHM3HpYeT BO3AYX, ¥ obpazorae-
IIHEeCHA WOHBl HEHTPalH3YIT 3apAn Ha
NpeiBapHTENBHO 3apAMeHHOM MHHHA-
THPHOM 3JIeKTpocKomne: OelCTpOTA ¢cha-
AAHHA» THCTOYKOB 2JeKTPOCKOTA MOMET
CAVIHHTE Mepoil paauoaAKTHBHOTO H3Ny-
yeHuA.) Ecam e obGpaseny nuiueH no-
CTYIIA BO3AVXA, TO HeWTpanMHU3AUMA ITO-
BEDXHOCTHBIX 3apafnos OBICTPO npexpa-
naercda, 4 HW3-38 HHU3IK0H coDCTBeHHOWH
NMPOROAMMOCTH [JHIIEeKTPHKA TMPHTOKA
3APAAOE M3HYTPH Ha TNOBEPXHOCTL 00-
paiua NMpaxkTHYeCcKH HEeT.

Hrak, nouemy paapa:kaerca obpasel,
JapAMeHHBIH TpH SJeKTPHIALHH Tpe-
HHeM, MOHATHO. Ho noyeMy oH BCe-TAKH
sapsAcaerca?

[IpurnagumMca BHHMATENbHES K HOHAM,
cofupaiuMes Ha obpasie, H K caMoMy
obpasuny. Ilyers Hawm obpasewn — HOH-
HBIH  IHOJIeKTPHE, KDPHCTANAHMYECKAH
pelieTKa KOTOpPOTOo CcOCTOMT H3 HOHOB
aByx copror, Hanpumep Li "F . Oguaxo
npu ero obpazoBaHHMH MOJAYYHIOCHE TaK,
YTO BMECTO 4YacTH HOHOB B HeM MNYCThIE
MecTa — BakaHceun, BakKaHcHM MoOryr
GEITE HA MecTe HoHOB Li T M Ha mecTe
uoHoB F 7, 1 @C/IH KOJAYECTEO BAKAHCHH
HE 0JlHHAKOBO, TO KPUCTaN Oy aeT uMeTh
cobeTBeHHBIN 3apaa. Pa3s ecTk cobcTBeH-
Hblil 3apaAn, To K 00pasuy NPHUTATHBAIOT-
cA M3 BO3JyXa HoHbl. BmecTe ¢ nmpHaunn-
IWHMH K ero NMOBEPXHOCTH MOJeKYJIaMH
BOALI M PA30B BO3AYVXA OHHM 00paayioT
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«IIKYPKYes. 3apsal WKYPKM B TOYHOCTH
paseH cobcTBeHHOMY 3apAny obpasua,

Kvamt, e e, i

KYCKA JNaBNeHHEe NapoB OBIA0 MeHbLIDE,

HO, KOHEeYHO, ¢ oDpaTHRIM 3HAKOM (Tax
yTo B LenoMm obpaseny HelWTpalleH).

OcTanbHOR TNOHATHO — pPA3HBIE JH-
aJMEKTPHKH, pasdHble cobcTBEHHBIE 3apaA-
ABbl ¥ pasHele 3apaabl WKYpok. [lorepi,
nepeMelIany MKYPKH — ¥ NOJYYHIH
3apAMeHHBIE KYCKH.

[IverTs, HApUMep, KAaRABIH WHIMHI-
pHYeckHid obpazeln HMeeT AJMHY, pPasB-
Hyio guamerpy. Torga nnomajnk TOplAa
Byaer cocTaBiaATe 1/6 oT Beell noBepx-
HocTH. O603HAYMHM 3apAibl WIKYPOK Ha
ofpasuax (40 TpeHHA) § , U g ¥ Oynem
CYHTATh, YTO 3aPAJ KaXRAOH IMKYPKH
pacnpejened No NOBepXHOCTH obpasua
pasHoMepHo. Toraa nmocae TPeHHA, KOTAA
IMKYPKH Ha TOPUAX NMepeMeliaivucsk U UX
3apAlbl PA3AEHIHCE TIOPOBHY, MOJHBIE
3APAAL § | M §p HOBBIX WKYPOE GyIYT
CcOCTOATE M3 5/6 coOCTBEHHBIX CTAPBIX
3ApANOE ¥ TOJOBHMHEL OT cyMMBEL '/.q,
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HAeHo, 4TO pa3 3apaAl WWKYPKH HAMEHHTCH
{a aro OyvaeT BeCerjia, Korjga g AT q gh
TO HAMEHMTCHA W 3apAg odpasla B LeJoM.

A MoryrT M 3JeKTPH30BATHCHA JBa
KYCKA OJHOTO H TOrD e OHINeKTpuka?
Ecnm oHH HMe0T oJiHAKOBRIE COOCTHEH-
HElE 3apsafbl, To HeT. Ho OHH MOryT
HMETh pasHble cODCTBEHHBIE 3apHAALI, TO
eCTh COOEPMATL pAa3Hble KOMHYeCTBA
parkaHeuil, ecnn venoeua obpasoBaHuA
KYCKOB pPasauyaauck (HanpHMep, OJHH
KYCOK HOHHOrO AH3JeKTPHKA o0pasoBhl-
BAJICA B OKPYXEeHHH IapoB KAKOro-To
K3 BXOAAUIHY B Hero JIeMeHTOR, TAK YTO
3AMOJHAJMHCE BCE BAKAHCHM Ha MecTe
HOHOB 3TOr0 31eMeHTA, 4 BOKPYT APYroro

H BAKAHCHH HA MeCcTe HOHOEB OCTAJAHCH).
IToaromy H Oblna oOHaApPYKEHA 2JTEKTPH-
3AUHA NMPH TPEHHH ABYX IHIHHADHKOB
H3 OJHMHAKOBOro, Kasajock Obl, pybuHa.

JNeKTPHIAINA IPOHCXOLHT HE TOJMBKO
npH Tpeduu, Papageii nucaa s 1833 ro-
AV, 4YTO,3NEeKTPH3AIIMA BOIHHKAET NpPH
nedopMalMe KPHCTAJIOB, B TOM 4YHCOe
P MX pacKaidsBaHuH. OQHAKO BpeMsA
oA HCCJAel0BaAHHA 3TOr0 npoliecca, BH-
AMMO, Torga eule He npumao. IHoutn
yepes cTo JeT, B 1930 roay, 6sino aame-
YeHo, 4TO SNeKTPU3YeTCH NPH pacllenie-
HHM CcAKjla, HO JeTalbHOe H3yYeHHe
SJEKTPH3AUHHA NMPH pacluelnJeHHH Ha4a-
J0CH CIYCTA 4YeTBEepPThH BeKa.

Kaxk yme rosopHiaoch, KpPHCTAJI
IH2IeKTPHKA <caM 1o cebes, TO ecTh
¢ YHCTOH NMOBePXHOCTBIO, De3a MWIKYPKH,
He HeWTpaseH. B HeM ecTh BAKAHCHH,
¥, KAK TIPABMJIO, OHK pacnpemeleHsl Mo
KpHCTAJANY HepaBHOMepHOo. JapaAjn e
IWKYPKH, Hapacrawuleit Ha obpasei,
BO MHOTHX CAVYAAX MOMHO CYHTATH
pacnpeneseHHbIM MO ero NoBepXHOCTH
noyryH pasHoMepHo. Korga mMbl noMaem
KPHCTAJT MOOOJaM, MOJOBHHKH TIOJNY-
YAIOT ¢ B HACIEJCTEO#* IO MNOJOBHHE 00be-
M& M TOBEPXHOCTH, a ¢ HUMH -— MO
noJdmkypeu. Ho sapan WKypPKH AeIHT-
cH MPH 9TOM 4YeCcTHO, MOPOBHY, 3aPAM e
nokeMa, ecaH oH OBl pacnpegeseH He-
PaBHOMEDPHO, HEJIHTCA HEe NopoBHY. B
ATOM cCAy4Yae JIapaibl NOJIYVYMBLIHXCH
NpH packoJje yacTed OyAy T HMeTE NPOTH-
BOTIOJIOMKHBIE JHAKH, TAK KAK Y OJHOH
YACTH 3apail WHKYpKW ©Oyaer Goabuie
coberBeHHoro (obweMHOro), a y Apy-
roifi — mesbite, Ho ecTs ¥ Apyrafg npu-
YHHA HEPABHOMEPHOro Je/JleHHA 3apAjAa.

Kpucrana LiF yverpoen npocrefimmum
H3 BOGMOMHBIX cnocoboB: kybH4YecKas
pemterka, Monsl Li* u F~ uepeaviorcs
BAOABL A000# ocH. llpu yaape kpucrann
pacKalbiBAETCH ODBIUMHO MO TJAOCKOCTH,
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HEPNEHAHKYASPHOH OCAM KDHCTANIHYE-
cKkoil pemeTkn (pucyHork 2). Ho HHOrma
HATIPABJIEHHE TpellMHE MOMKeT HiMe-
HHTBCA, M OHa moijeTr Mo AHATOHAIH
B MJOCKOCTH, B KOTOPOH JEXXAT HOHEI
ofHOro copTa (pucyHoK 3).

B aToM cayuyae Ha OAHONH MOBEpPXHO-
CTH TPELHHEI cpaay nmocje packojda oka-
3bIBAIOTCA HMOHBI OJHOrCO 3ZHAKA, a HAa
ADYrol — npotusonojoxHoro. ¥ geit-
CTBHTEABHO, EpH JBHXEeHHH 30HI8 BTk~
TPOMeTpa BIOMEL MOBEPXHOCTH PACKOIA
TAKHE YHACTHKY OBIIH O0OHApPYIKEHLI,

Ho zmaunTensno Gojee CcHIABHOE He-
PABEHCTBO 3apAACE OTHAEJBHBIX KYCKOB
o110 obHapY X eHo NpH packose obpasua
Ha HeoAHHAKOEBIe uyacTH. elicTBHTENB-
HO, NYCTE AMMHHBIH KPHCTAJJI ¢ KBaj-
PATHBEIM TOPLIOM CO CTOPOHOI, paBHOIl a,
H anuHoi [ 3a (pucyHok 4) packansi-
BaeTCH Ha JIBe YaACTH, TONIHHEl KOTOPRIX
b ua—b. Benu ¢ — cpefHAA NIOTHOCTE
cOBCTREHHOrO 0GBEMHOTO 3APALA LeIoro
KPHCTANNA, TO [OBEPXHOCTHAA I[LJIOT-
HOCTh ¢ 3ApPAJa WKYPKH BBIYHCIAeTCHd
M3 VCIOBMA pABEHCTBA HYJH CYMMBI
3apALOB:

QHPHWHHNJ_{_QUIE}-;:;.:&.
TIycTh MJOLIAAL TOPUOB MAaJia M 3apaj

Pue. 4.

IIKYPKH HA HUX MOMKHO HE YUYHTBIBATE.
Torapa

dalo—+pla*=
OTcona HAXOAWM NJAOTHOCTE 3apsAia
MKYPKH:

a=—ao/4.

CuyuTad, 4To NJAOTHOCTH O0BeMHEIX 3a-
PALOB JEBOH M NpapBod YacTel oJAWHA-
KOBbl (M paBHBI ), HaAXOJAMM 3apAn,
HAIIpHMeEp, NeBoli yacTH, PABHOW cyMme
06BbEMHOI0 H MOBEPXHOCTHOTO 3apAJOB:

cabl— ¥ (a420)= % (b—24 <o,

YTOo M OBLIC ODHADPH(EHO HA OMNEITE.
...PA3YMeeTCH, PTO AAJEeKO He Bee, YTO
MOIKHO PACCKA3ATE O MEXaHHM3MAaX JIeK-
Tpusauny. Maccy HHTEpeCcHBIX BOMPOCOB
MO3HO 38JIaTh 0 MOMEHTe, KOTI& Tpeuiu-
Ha pasienfierT KPHCTAMN (3JeKTPOHBI MO-
IYyT «[EPenpLITHBATE® CO CTEHKHM HAa
cTeHKY), 06 ocTpre candHpoBOro «pyoiu-
na» (3JeKTPOHEI MOTYT NepexoAuTs H Ha
Hero), HAKOHeI, 0 MeXaHH3ME BJIeKTPH-
SAIHH TIPH TPpeHUH JHIJeKTPHKA TI0 Me-
TAJNY, 0 MEXAHH3ME JIeKTPH3AIHH MPH
CIHATHH KPHCTAJJIOBE M Tak jAanee. Ha
HeKOTOPBIE M3 3THX BONPOCOB OTBETHI
YHe NOJAYYHeHBI. OcranbHble — HBIYT
ceoero epemens. M, moxer OBITE, BacC.

damaun
HAIIHX Y9HTATexXel

1. lokasuTe, 4To He CYLECTBYET HATYPAIh-
HEIX YHCENn X, I, 2 TAKHX, 4TO
xF—1yp—1_op—1

rjae p — NPoOcToE, p>>3, A X M J He JeNATCA HA p.
¥rasanne: npusmednTe Manvio Teopemy

Pepma: a” =1 (mod p), rae @ — HATYpa’IbHOE
n (g, p)=1 (em. «Kpaurs, 1978, N 10, c. T).

2. Hoxamxure, uro npu p==4 nwdoe pemeHne
AnodaHToRA ¥paBHEHHA
S gt 1Lt T ] e
COCTOAIIEE HE MONAPHO BIAHMHO NMPOCTRIX HATY-
pANLHEIX YHCE[, COAeDMHT YHCAO0 KpaTHoe 3.

0. A. Yepenamos
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