DJIEKTPOHHBIN ITPHOOH

Kak oH obpasyeTtcs

B 3neXTpOHHONH JnaMmne 3JeKTPOHBI
npoJsieranT ckBo3b ceTkH. [lpeacrasbre
ce6e 3/1eKTPOHHBII MOTOK, NPOHH3bIBA~
HOILHIT ABe GTH3KO PAcTOIOKeHHBIE CET-
kH. [Ioka Mexay ceTKaMH HeT Hanps-
XKeHHA, cTano ObiTb, B 3a30pe MeXAY
HHMH HET TNOJA, KAXKABIH 3JEeKTPOH
BblJIETaeT M3 3a3opa C TOM JKe CKoO-
POCTbIO, C KOTOPOH BJ€TaeT B HErO.
Korga uHanpspxeHMe Mexay CeTKaMH
¢CTb, CKOPOCTD 9JIEKTPOHOB OyAeT ype-
JIHMHBATBCH, €CJIH TTOJI€ MEX DY CETKAMH
ycKopamwllee, H YMEHbUIaThCA, €C/IH
TopMossmee. UTo npoHsoiger, eciH
HanpAXeHHe H3MeHAeTCA CHHYCOMAAND-
HO? DJIEKTPOHbI, NEpeceKalolye 3a30p
NpH yCKOpAKIeM nose, OyayTr ABH-
raTtbca ObICTPee TeX, KOTOphie nepece-
KaJM 3a30p NMpH TOpMo3swemM noae. B
pesyabTaTe AEKTPOHBI HAYHYT COOM-
paTbCA B CTYCTKH, COCTOAULHE M3 dJIeK-
TPOHOB, Ilpﬂ.l'IET-EHIIIHH 3a30p paHbllE,
HO NPH TOPMO3ALLEM NOJIE, H NPOJIETEB-
WHX M03XKe, HO IIPH YCKOPAIOLLEM NoJe.
[Ipu panbHelmeM MoJeTe CTYCTKH
HAYHYT pasBaJHBaTbCcA, H60 Gosee Gbic-
Tpble JAEKTPOHB GYIyT BbIOETaTh H3
CryCTKOB BRepell, a MelJeHHble — OT-
CTaBaTh.

[lorox anexrpomnoB, BbIIEAUIHH H3
CETOMHOrO 3a30pa, Ha3bIBaeTCA MOIY-
JIHPOBAHHBIM MO CKOPOCTH — CKOPOCTH
Pa3HbIX HCKTPOHOB B HEM Pas/IHYHBI,
[MoTok anekTpoHoB B o6GAacTH, rae ob-
PAsOBANMCh CTYCTKM, HA3LIBAETCA MO-
AYTHPOBAHHLIM MO [VIOTHOCTH — TLIOT-
HOCTE ANCEKTPOHOB B CIYCTKax 6oab-
ad, a BHE MaJaA.

N.AWKUHA3MH

Tak obpasyerca 3JeKTPOHHBIH NpH-
6ol — 3JIeKTpPOHMble BOJHBI, HAKATHI-
BalolHeca Ha Geper... Maes, koHeuno,
KpacHBas, HO 3a4yeM BCe 3TO HYXHO?
Kak u ana vero 3to MOXXHO HCIIOAB3O-
BaTh?

BoccranaBanpas Xoa MBIIJICHHA Y4e-
HBIX M HHXKEHEPOB, He cieayeT n3odpa-
JKaTbh €ro CAHIIKOM Y3 JOrM4HbIiM. Tak
Y10 COo3Aapas mpuGop, Ha3BaHHLIH HMH
4KJTHCTPOH®, = OT Irp€uccKoro cJjoba,
O3HAYAIOIIEero YAAPATh MAH OKATHIBATE
BOJIHOHK, — M300peTaresn, MOMXeT 6bITh,
M He OLLJIM CTporo JorHunbiMu. B 1939
roay 6parbam P. n 3. BapuaH u, Hesa-
sucHmo, B.Xauy u I.Merxkandy crano
HHTYHTHBHO ACHO, YTO Ha CETEKH MOMHO
NOAATH H OMEHDb MajIoe HaNps)XKeHHe, HO
BCE PaBHO 3/EKTPOHBI COGEPYTCA B Cryc-
TKH, AHb 661 AaTh MM GeXaTh JgocTa-
TouHo aoaro. Hy a anexkTpouubie cryc-
TKH — 3TO YTO-TO MOIIHOE, Cepbe3Hoe,
noytH ocasaemoe. Tak uro Bpoae Obl
MOXKHO MaJioe HanpsaXeHHe npeobpaso-
BaTh BO YTO-TO Ooabuiee. ToabKO BO
q10?

Bor TyT OT noaera MHTYHMIIMHM nopa
NepexoATb K JOTHYHOCTH H IOCIEN0-
BaTeJbHOCTH.

Kak ero ucnonb3oBeaTtb

MoAyafauMIO CKOPOCTH Mbl CO3.AANM,
NPONMYCTHE 3JICKTPOHHBIH NMOTOK MeX-
ay npyma cerkamu. [lompoGyem mc-
NoJAb30BaTh TY Xe CHCTeMy aaA ot16o-
pa 3HEPrHH OT JJIEKTPOHHBIX CrycCT-
KOB. A SHEpTMH Y HHX MOXeT ObIThb
MHOT0 — B€jb A0 TOT0, KaK MOABEpr-
HYTb NMOTOK MOAV/IAUMH MO CKOPOCTH,
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Puc. 1. InexTpoMHbiFi NOTOK, TOPMO3NUWMACA B CETOYHOM 3a30pe. Topmoan-
Lyee none CO3QARETCA: CNEBA — MCTONHWWKOM TOKa; Cpasa — HABBOGHHEIM

€ro MOXKHO pPa3orHaTbk BBICOKHM Ha-
NPAXEHHEM.

[lycTtb 21€KTpPOHHBIE CTYCTKH NpoJie-
TAlOT Mepes 3a30p MEeXAY CeTKaMH, B
KOTOPOM HMEEeTCA TOpMO3Allee 10/
(puc.1, caesa). M3 3a3opa aneKkTpOHBDI
BBIAAYT ¢ MEHBLIUHMH JHEPIHAMH, He-
HEAH C KOTOPBIMH OHH BOLULJIH B HETO.
Ho kyna pesanach MmoTepAHHAs MMM
aneprua? ([lons Toxa, nepexparbiBae-
Mas CeTKaMM, Mana, No3ToMy B AaHHOM
c/Ay4yae 3HeprueH, HAylleH Ha Harpes
CETOK, MOXHO npeHeGpeyb.)

PaceMOTpHM mnogpolnee noBefeHue
TOKa B LeNH 3JeKTPolda, K KOTOPOMY
MOA/NeTACT 3/IeKTPOHHDIH crycTok. Ceii-
Yac Mbl BBeJ€M OYEHB BaXKHOE 1A
TeXHHKH 3/IeKTPOBaKyYMHBIX NpHGOpOB
MOHATHE — <HaBejeHHbIH TOK#.

Ilo Mepe nogneta cryctka or JieBoro
aseKTpoaa K npasoMy (pmc.2) nanpsa-
JKEHHOCTb TOJA MeXAY JIeBbIM 3JIeK-
TPOAOM M CTYCTKOM YOBIBaeT, a MeXay
CrYCTKOM M TMpPaBbIM 3JEKTPOAOM BO3-
pacraer. [leHicTBHTENBHO, Pa3HOCTH
NOTEHUHANOB MEKAY /EBbIM INEKTPO-
AOM M CTYCTKOM H MeXKOY CTYCTKOM H
NpaBbIM 3/EKTPOAOM PaBHBI, Hanps-
JKEHHOCTD e 1oJiA GyaeT GonbLie B TOM
3asope, KoTOpbli mMeHbuie. Ho pa3 nHa-
[PpAXKEHHOCTH NOJIA CJlIeBa H CipaBa OT
CryCTka HaMEHAKTCA, TO H3MEHAKTCA H
MNAOTHOCTH 3apAAOB Ha INEKTPOAAX M,
CACAOBATCABHO, NPOTEKAET TOK B LIEIH,
COEHHAKONIEH 3TH 3JIEKTPO/IBI.

Teneppr BepHemca kK pucyHKy 1 u
YBHAMM, YTO HaBeIeHHBIH TOK NMPOTeKa-
€T Hé TaK, Kak B OaTapee, NMHTAIOWIEH
KaKylo-TO Harpy3Ky, a TaK, KaK B 3aps-
xaeMoM akkyMyastope. Mrak, sHep-
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Puc.2. BO3HHKHOBEHWE HaBEOEHHOID
TOKa



Mnnoctpaumna A.Banguna

THA, TepAcMad JMCKTPOHAMH, Mo-
KCT 3ApKATE AKKYMYJIHTOP MIH MC-
NOML30BITLCA Kak-IH3o wiaue, Teneph
CACICM Hﬂﬂﬂﬂ,ﬂ,l[ﬂﬁ oar — 3JaMCEHHM
HCTOFOIMK  COTTPOTHICHHEM (oM. pMc. |,
Clpaga). OOpaTHTe BUHMAHHE Ha [IO-
MAPHOCTE HanpsDKelnA,  obpasyioLlero-
CA HAa CONPOTHBJEHHM B PE3YJbTATE
[POTeKAHUA MO HEMY HABEAECHHOTO
Toka. [lonApHOCTE Takas, <kKak Hago».
[Ivyox Oyaer TOPMOSHTE caM cels,
eC/H CONPOTHBJCHHE HE PABHO HYJIO
N GeckoHeuHocTH, JdeHcTBHTEAbHO,
ecAN NOJAPHOCTh HaNpAXKEHWA OBija
6n1 HHOM, TMy4oK caM coboil 6b1 yCKO-
paacs. Kak Ttorga OBITE C 3aKOHOM
COXPRHEHHA JSHEPTHH? A TaK BCE B
NOPAAKE — JHEPrHA, NOTEPAHHAA Myd-
KOM, TOCTYNAaeT B Harpy3Ky M, ¢Cau
aTO MPOCTOE CONMPOTUBACHHE, TMEPEeXo-
AHT B TEILIO. [{ﬂHE‘-IHI‘J, MOHO IMOCTY-
nNUTh ¥ yMHee (M cefiMac Mbl yaHaeM,
kak). Ho cxavana nogeenem Kparko
MTOr — € ITOMOWIBK} ABYXCETOYHOTQ
3A30Pa MOXKHO CO3IATH ¥ BJCKTPOHHO-
ro IMyYka MOAYJALHIO MO CKOPOCTH,
3aTéM OHa npeoGpasyerca B MOAyaa-
UMK N0 TUIOTHOCTH, M ¢ TOMOIUBE
OBYXCETOYHOTC JKe 3as0pa ¥ TaKoro
IIyYKa MOXKHO OTHATB 3IHEPrUly. ITO
BCE BMECTE H €CTb MPOJETHLIR KJAHCT-
PCH,

3ayem yacTotaMm BbITh
CBEepPXBLICOKUMIK

[1peacrasste cede, ¥To Hado MOepeda-
BaTh MHpopMaune ¢ 6oabpmoil cko-
pDL'ThI['l H B BallcM PH.'EI]DPH.'.E{EHHH
HMEETCH NepefaTInK, paboTaomui Ha
exoropoit vacrore [. C raxol cro-
POCTHI0 MOSKHO NepeiaBate HH(pOpMa-
UK NMPH HAMHYHMH TAKOTO NEpPegaTHH-
Ka? [lycTth MBI MOXKEM YNpaBAAThH Te-
pE,II,H.BEIE]'-[I:-IM CHIHaIOM, BBIPEE&FI H3
HETO OTAEABHBIE MEPHOAB KOJAeOaHHH
{puc.3). TaknM cnocofoM MOXKHO fe-
pefasaTh MHGOPMALHIO €O CKOPOCTBHY
f 6utr/c (1 6MT — 5TO OAMH BLIGOD
H3 ABYX CHTYalUMil: €cTb NOJAYEOJAHA
HJAH HeT, OAA Mepeaayy OYKBEHHOro
TEKCTa Hago 5 OMT Ha OyKBy, ¢ mo-
MOIUBIC 5 6MT MOXKHO 3amicaTs 2° =
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RAEMUE

ODAEKTPOHHBHE NPUBON

= 32 cumeona). KoHewro, CylmecTByeT
MHOT'0 BHAIOB MOJYJAAIMH, H CKOPOCTH
nepegayin HEPOPMALHH ¢ HX IIOMOMIBIO
Pa3JdHYHE]. Ho nopAfoK BEJHYHHDI
6yaeT TAaKHMM, KaK MBI, IIOJYUHJIH.
OueHnM Teneps, KaKol YacTOTHI CHT-
HAN HAZIO MMeTb, YTobbL nepeaars 100
TEKCTOB CO CKOPOCTBKH) HOPMAJbHOH
pEYH WM OOHY TEJEBH3HOHHYIO Nepe-
oavy.

Ilpy HOPMAADHOH PEMH YEJIOBEK TIPO-
H3HOCHT okoao 20 6ykB B CeKyHAy,
T.¢. Hajo MNepefaBaTh NOPANKA
100 6ur /¢, a ana nepepaun 100 pas-
rOBOPOE OJHOBPEMEHHO JOCTATOYHO
MMETEL MepegaTuik Ha dactore 10 KT
Pearsno k PaAHOYALTOTAM OTHOQCAT
yacToThl Goasme 100 kI (poAHBI KO-
poue 3000 M), 1.e. moGo#t paaronepe-
JATYHK NPH COOTBETCTBYIOHIEH MoAy-
JSIUMH ¢ 3TO 3azavell cnpasurca. Co-
BCEM HHAA CHTYVALHA C TEACBHICHHEM,
Hzobpaxenue cofiepxuT okoao 2-10°
asnemenToB. [losoxuMm, wro HaM Jdo-
cTaTOYHC 8 rpagaumii apxoctn. TakumM
ofpaaoM, 4714 MepedaydH OJHOTO e-
MEHTA H3OOpPa KeHHA HAJ0 HMETh
3 6uta, a A4 NepesadH BCero naobpa-
wewma — 6-10° 6ur. Yrobp raas xe
JaMedana MEAbBKAHHA, HEﬂﬁPHEEHHE
OO/AKHO MeHATbCH He pexe 20 pas
B cexyHay. Mrak, 20-6-10° 6ur/c=
=10/ 6uT/C, 2 YaCcTOTA MepeRaTUHKA
no/kHa Ooitb me menee 107 Iy =
=10 MIu. 3rta wacToTa COOTBETCT-
BYeT [iuHe BOAHH 30 M, T.e. cepe-
OMHE KOPOTKOBOJAHOBOIO [HAITABOHA.
PeaabHo yacToTa AO/MXKHA OMTH BBI-
e, NOSTOMY TeACBHIHOHHLIE nepena-
YH BEJYT Ha YaCTOTAX MeTPOBOTO JHa-
Ma3oHa U Ha eme GoJsee KODOTKHX BOJ-
Hax. [lna nepegavy wHGOpMauUMH CoO
Bce Gosplleil ¥ GoAblliel CKOPOCTBIO
HY)XXHH Bce Gosee H Gofnee BBICOKHE
YacToTH., KpomMe TOro, BBICOKO4ACTOT-
HBIE 3MERTPOMATHHTHRIE KﬂﬁEﬁHHHH
HCIIOAB3YIOTCA B PAJHOJOKAIIHY, AJA
[MTaHHA YCKOpMTeaAeH M J/18 MHOTHX
ApYTHX LeAeH, BILIOTh A0 INOTOBKH B
CBY-negax.

A Heé MOTYT JIM pemaTs Bee HeoGXoam-
MBI 337auM OOBTYHBIC 3JMEKTPOHHEIE
JIAMITEI ?
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Henb3a 06bATL
HeoDBATHOE... C NOMOLLLIO
06bINHOW ANeKTPOHHOM
namnel |

BosbMeM OGBIMHYIO 3AEKTPOHHYI0 JaM-
Iy, WIH, KaK €€ Ha3BIBalT, JAMIIY C
FCKTPOCTATHYECKHM YNDABNeHHEM, M
HaYHeM NOHEMHOrY YBEeANYWBATD 4ac-
TOTY CHTHAJA, NMOAABAEMOTO Ha €€ CeT-
Ky. Kax yxKe pacckasniBanoch, Koraa
BPEMA NPOJIETa 3/1EKTPOHA CTaHET cpas-
HHMO C IEPHOIOM NepeMeHHOro Hanpa-
MKEHHA, 3JIEKTPOH HAaYHeT YacTh BpeMe-
HH [IpoJIeTa YCKOPATRCA, & YACTh, .. TOXe
YCKOPATBCA, HO YK€ MEHbIIHM Harlpi-
JKEHHEM. ¥ CHJIEHHE Ha TaKHX YacTOTAX
OKa3sbipaeTca Menpme. Ilpu ene Gonee
BBICOKHX YaCTOTaX HacTb NEpHOLa HIeK-
TPOH JIETHT B TOpMO3saLleM noje. Hako-
Hell, HACTYTIAeT CHTYALHA, KOTJa 3JeK-
TPOH BoOOWE He Gymer IyBCTBOBAaTh
ynpaemaouee (ceTodnoe) HanpAXKeHue
— 3a BpEMA ero NoJeTa 0T KaTofa o
CETKH yCcreeT TPOHTH NePHOR BXOIHOro
HALIDAKEHHWA, 4 CYMMAapHOE BJIUAHHE
JBYX TIOTYBOJH 3TOT0 HAIPSKEHHA OKA-
Kerca paBHbIM Hyak0. Ha Kakoii yacro-
Te 310 npoHaoiiger? IlycTe Hanpaxe-
Hue Ha ceTke 1 B, 3asop ceTra —kaTon
10 mxM. Toraa epemMsa IpoJIeTa 3JAeKT-
poHa OT Karoda A0 CETKH COCTaBHT

0,35 uc (popmyny t = d.2mf(eU),
rae § — BpeMa noaera, d — 3asop, m
M & — Macca M 3apAa JEKTPOHA, a
U — nanpsxenune, BBIBEIMTE CaMi),
4YT0 COOTBETCTBYET YACTOTE NMPHMEPHO
3 [Tu. 210 1 &CTh NpeeABHAA YACTOTA,
Ha KOTODOH MOKHO 3aCTaBHTL padOTaTh
obbrunyso gamny. Ho mpofaema, cpa-
3aHHAA CO BPEMEHEM TIPOJETA 3JEKTPO-
HA OT KaTofa 0 CEeTKM, He eJWHCTBEH-
Had.

BpeMa npoJsieTa OT CETKH A0 aHOOA
TOX€ HE PABHO HYJKO, H HHYETO XOpo-
nero 370 3a cotol He snever. Ilockons-
KY HANpAKEHHE HA CETKEe H3MEeHAeTcH,
HIEKTPOHB! BJAETAOT B 3a30p CETKa—
aHOA ¢ pasHBIMH CKopocTAMH. Taxue
SJIEKTPOHbl MOTYT «NEpPEeyTbiBATbCT»
— RJIETEBILME NO3XKe, HO ¢ H0ABITMMK
CKODOCTAMH, MOTYT OOrOHATL BAETEB-
IIME PaHbllle, HO ¢ MEHBUIMMH CKOPOC-
TAMU. BaM HHYero ne BcnoMuHaeTca?

' JT10 Keé MpeolpaloBanHme CKOPOCTHOH

MOIY AAUMH B MOLYJIALHK 10 TLIOTHOC-
i! Ho namrmam npoka ot 31010 HeT, a B
HMNYNBCHOM PEXHME IMPOCTO YMCTHIA
BpeA — BO3IHHKACT HCKAXKEHHE (POPMDI
HMITYJIBCA.

Haxoneéw, peaoHaHCHAA YacTOTa KOH-
TYPa BO3PAcTaeT ¢ YMEHBLIDEHHEM HH-
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IykTHBHOCTH M emKoctH {(dopmyna
Tomcona). Ecam nammna paboraer Ha
HeKOTOpO 4acToTe, OOBIYHO B €€ CETOY-
HOM M aHOOHOH 1lenAxX NPHMEHAKTCH
KOHTYpPbl, HACTPOEHHBIE Ha 3TY YacTo-
Ty. Ho naMna mMeer coOCTBEHHYIO eM-
xocTh (Mexay anexTpomamMu) M C€ob-
CTBEHHYI0 HHAYKTHBHOCTb (BBOZOB).
Hu meHbure 31708 eMKOCTH, HH MEHbIE
3TOM HHAYKTHBHOCTH E€MKOCTE M HH-
AYKTHBHOCTL KOHTYpa cOenaHbl ObITh
He MOTYT.

Hrak, sor Tpu npofieMnl — BpeMA
NpoOAETa KaTOA — CETKA, BpeMA NpoJIeTa
CEeTKa — aHO/I, EMKOCTb / HHAYKTHBHOCTD
namnsl. IlocMOTpHM, Kak pemauch
aTH NpodaeMsl.

O6paTtm HepocTaTkn
B JOCTOMHCTBa

HayneM c camoro mpocroro. M3 dop-
MYJIbI 1A BpEMEHH MPOJIETA HAeKTPOHA
OT KaT0Aa 10 CETKH CAeYeT, YTO YMeHb-
IHTH €r0 MOMKHO TOJAbBKO YMEHbLUICHHEM
3a30pa HJIH YBEeAHYEHHEM HalDAXCHHA
(T.e. yBeMYEHNEM CKOPOCTH). ¥ MEHD-
WaTh 3a30p MOXHO, KOHEYHO, He
GecnpeaensHo. CaenaTh ero MeHblue
10 mMxM ouenn TpygHo. O6paTtHMca K
HANIPSKEHHI0 MJIM CKOPOCTH 3JIEKTPO-
Ha. EcTecTBeHHO MpealoxeHHe — cHa-
4413 YCKOPHTE 3/IEKTPOH ¥ INILB 3aTeM
NMOJBEPTrATh ¢YTIPABACHHIO . ITO H Ce-
naHo B KancTpore. CHavyala 3/JeKTpoH
YCKOPAETCA OTHOCHTEJNbBHO BBICOKHM
HATIPSUKEeHHeM M JIMIIb 3aTeM BBOJHTCH
B JIBYXCETOMHBIH YITPABAAOUIHH 3230D.

Bpema nponetra ceTka-—aHOZ TOXe
o6palleHo Ha TI0/1b3Y — HMEHHO B 3TO
BpeMsl, KaK Bbl Y€ 3HaeTe, CKOPOCTHas
MOIYIALMA npeobpasyercd B MOIY/A-
HHIO TI0 MLAOTHOCTH.

Ho uto geaatb ¢ eMKOCTAMH M HHAYK-
THBHOCTAMN? [IpencraBuM cebe KoH-

-
-
FPuc.4., CBY-koHTYD
— (l._:) i':f S
Bxod Bowxod

Puc.5. MponeTHsil KNuCTPOX

KBEAHT - 1997/ Ne 4

TYP, HACTPOEHHRIA Ha OYEHD BBICOKYIO
yactory. Konpgencarop B Hem — JBe
IIACTHHBI, MHAYKTHBHOCTB — KYCOK
nposoaa (puc.4). ¥ Ttakoro xoHTypa
eCTk HeAOCTATOK — OH OyJeT CHABLHO
H3AYYaThb B OKPYKALee MPOCTPaHCT-
Bo. Kak ¢ atum Goporbca? Haeectno
KakKk — 3aKpaHupoBanueM. [IpoxkpyTHm
MBICJIEHHO NPOBOA, COSTHHAIILIMH rL1ac-
THHBI KOHAEHCATOPA, BOKPYT BepPTH-
KaNnbHOH OCH — NojaydHM HEYTO, NMoXo-
xee Ha Top («bybamks). Bmecre ¢
MJIACTHHAMH OH 00pa3yeT TO, YTO Ha3bI-
BaeTcA <«o0BpeMHBIH pe3oHatops». Em-
KOCTb ¥ HErO Mo-TIpeXXHeMY CBA3JaHa C
ITaCTHHaM¥, a HHAYEKTHBHOCTE — BCE
octa/abHoe. TovHee 6b110 611 CKa3aTh —
aJleKTPHUEeCKOe TI0JIe COCPefOTOUYEHO B
3a30pe, MArHMTHOE — B OCTAJBHOH
YaCTH.

KoHeuHO, TakoH pPE3OHATOP HACTpO-
WTb Ha CKOJIB YTOAHO BLICOKYIO YACTOTY
Henbad. Ho eee-taku... M rnaeHoe —
KaK XOpomo o6beMHBIH pe3oHaTOp CO-
YETAETCA C JABYXCCTOMHBIM EHSHPGH!
Haao tonbko choenaTh 3a30p M3 ABYX
CEeTOK, MO0 Ha IaMITY ¢ ABYXCETOYHBIM
3a30POM HAAETh CHAPYXH {MOXKHO yxe
BHEe BAKyyMa) <HHAYKTHBHYIO®» YacTb
pesoHaTtopa — +<0yOauks. [lna Heso-
OPYXEHHOr0 rfia3a OH BBITJIALMT nyc-
TeIM H3HYTPH. Ho MBI-TO 3HaemM —
BHYTPH ¥ HEr0 MarHHTHOE IOJIeE.

Htak, ot oH, nepeniii 2BII CBY:
KaTof, (3a KOTOPBIM 3MIEKTPOHBI YCKO-
pAWTCA), BXOAHOH 3a30p, BXOOHOM
PE30HATOD, HpoaeTHaA Tpyda, BRIXOA-
HOWM 3a30p, BBIXOOHOH pe3oHaToOp H,
HaKOHELl, KOJJIEKTOP-3JIeKTPOd, Ha Ko-
TOPBIH NPHOYAYT yKe He HyKHble HaM
3/IEKTPOHBI, OTAABIIHE CBOID JHEPTHIO B
BBIXOJHOM 3a30pe (puc.5).

Ycunutens npespaLwaeTcs
B reHepaTtop

BI:IBE,!]:EH YaCTh CHIH&.Ta H3 BBIXOJHOrD
[PE30HATOPA ¥ BEPHEM €€ BO BXOIHOI.
Ecmn coeur a3 B caMoM KAHCTPOHE H
B Lenm¥ 0OpaTHOW CBA3H Takoi, uTO
YyacTh BRIXOJHOTO CHIHAJIA, BO3Bpalia-
ACh Ha BXOHA, COBMajaeT no ¢ase co
BXOOHBIM CHTHAIOM, YCHJIHTE/ b MOXKET
MpeBpaTHTLCA B relepatop. [as atoro
enle Hago, YTl YacTh OblIA HE CAHILI-
KOM MATeHbKOH — yTOOBI BepHYBUIHI-
CA CHrHAA OB GOAbIIE HCXOOHOTO.
[ToMuMTE, YTO NPOMCHOOMT HAa CLEHE,
ecH YCHJEHHE CHrHaja MHKpodoHa
JOCTATOYHO BEJTHKO H HA HETO MONafaeT
3BYK OT AMHaMuxoB? O dase B aToMm
cay4ae 3abOTHTCA He NPHXOOWTCA —
reHepaluusa Bo30y3/IaeTcA Ha TOH 4ac-

TOTE, Ha KOTOPOH cABHMI ¢a3 Bo Beei
LM COCTABMT 2T,

JaMeTHM, YTO €«CHTHAIOM» ABIAETCA
B HEKOTOPOM CMBIC/IE M CaM JJIEKTPOH-
HBIH NOTOK, TOUHEe — PACIPOCTPAHAKD-
IHECA B HEM BJEKTPOHHBIE CTYCTKH.
YTo ecsm 3acTaBHTbh MX BO3BPAlaThCsH
BO BXOAHOH peaoHaTop? [lycTs, Hanpu-
Mep, BMECTO BTOPOTO PE30HATOPA CTOHT
¢OTPAXKATENb® — 3IJEKTPOJ, HA KOTO-
PbIH NOJAHO OTPHUATEbHOE HallpsxKe-
Hue. Crycrok MOAMETHT K HeMy, pa3-
BEPHETCA H NOJETUT HA3A/, K BXOLHOMY
sasopy. Ilpoxonms uepes BxogHoi 3a-
30p, TAKOH CTYCTOK BBI3OBET NOSB/ICHHE
anexTpHyeckoro nosa. Ecau ¢asa sro-
ro MOJA TAKOBA, YTO OHO GyJeT ycuau-
BATb MOZYJALHI0 3/IEKTPOHHOTO IOTO-
Ka, NpHGOP HaYyHeT renepuponatsb. Hs-
MEHEHHEM HANPAMXEHHA Ha OTpa)KaTene
MOMHCG YNPaBJATb BpPeMeHeM MNOJeTa
CTYCTKA Me /1y TIePBBIM H BTODPHIM Npo-
X0faMH 4epes pesoHaTop. Yem oTpuia-
TEJBHOE HATIPAXEHHE HA OTpaxarene
Goabnie, TeM Ha GOJbIIEM PACCTOAHMM
0T ce6A OH OCTAHOBHT CTYCTOK M 3acCTa-
BHT BEPHYTBCA ero B 3a3op. Hanporus,
YMEHbUIEHHEM HANPAXKEHHA MOMNKHO
O0OHTHCA CUTYALIMH, KOTAA CTYCTOK BED-
HETCA He B NepBBIil <yaavdHblil» MO-
MEHT, a Bo BTOpoil (aHanorusa ¢ Kayens-
Mid). Brnpouem, MoOmHOCTH CHrHaia,
TEHEPHPYEMOro NpHGOpoOM — ero Ha3el-
BAKOT OTPAXKATEbHBIM KJAHCTPOHOM, —
GyaeT B 3TOM cJay4ae MeHblle. Y oTpa-
HKATENBHOr0 KAHCTPOHA €CTh OAHO NPH-
ATHOE CBOHCTEO — 4acTOTa FeHepupye-
MbIX MM KOJeGaHHH MeHSAeTCHA NPH H3-

. MEHEHHH HaNpPAXEHHA Ha OTPaXXaTeJje.

EcrecTBeHHO — OH reHEPHMpYET Ha TOM
YACcTOTE, HA KOTOPOMH BRIMOMHAETCA Y-
70BHEe coBnafeHuA ¢as (MoMHUTE MUK-
podoH M AMHAMHK Ha acTpage?). A
BpEMA M0JeTa CrycTka K dasa ero mpu-
GLITHA 3aBHCAT, KaK BbI YHKE 3HAECTE, OT
HallPAXKEHHA Ha OTpa)KaTee.

OTpaxaTebHBIH KINCTPOH GBI CO-
agaH B 1940 rogy B.d.Kosanenko u,
He3aBUCUMO 0T Hero, H. /1. [leBaTkoBEIM,
E.H.JauuasuessiM, H.B.[luckyHo-
BbIM. B TeueHHMe mecATHSIETHIT OH OLLI
OCHOBHBIM THITOM reneparopa CBY-ko-
nebanuii. Ero ruiaBHBIM npeHMyIiecT-
BOM mepe] APYTrHMH ObLNTAa BO3MOM-
HOCTb <3JIEKTPHYECKOH MepecTpoHKH»
— YMpaBJeHHEM YACTOTOM ITyTeM HaMe-
HeHHA HanpsxeHuA. [losxke momympo-
BOJIHMKOBLIE NPHOOPBI COCTABMAH OT-
paxaTe IbHOMY KJIHCTPOHY BeCbMa Cepb-
e3HYI0 KOHKypeHUHIn. OaHako B AHa-
Na3oHe MWIAUMETPOBBIX [UIMH BOJH
IBII no-npexuaeMy «aaioT Gopys» no-
JTYTIPOBOJIHHKAM.



Bce npuaymaro. Octanockb
TONLKO CAenartb

KoneuHo, ato myrtka. [Ipo6sieMm B 06-
JIACTH TEXHOJIOTHH
3anock Hemanao. [Ipomie ckasarh, 4TO
TaM Bce — npobiaeMa. Bo-nepsbIx, cer-
KM, 00pa3yIlolye 3a30p B pe3oHaTope.
Kaxkas-To 10/11 3/1eKTPOHOB OCE1aeT Ha
3THX CEeTKaX, MHroM IpeBpallas BCIO
CBOID KHHETHYECKYIO SHEPIHIO B TEIL10-
By, CeTku leNajli U TYTOIUIABKHE, H
C TOHKHMH BBICOKMMH pebpamu (4To6b1
OHH JIy4Ile NepefaBajid TeIVIO Ha OX-
NAKAAEMY0 4aCTh Pe30HATOpa ), HO BCe
PaBHO — B MOIIHBIX NMpUOOPaxX CETOK
KaK TAKOBBIX HeT. J/IeKTPOHHLIH ITy4OK
JIETUT Yepe3 OTBePCTHE — Kak Obl Yepes
CETKY € OtHHM 60MbITNM OKHOM.. ( Pri6o-
JIOBHAS! CETh TAKOrO THIIA TIO3BOJIMIA

Ob1 COXpaHHUTh HETPOHYTBRIMH H0raTcTBa
BCEX MOpEH M OKeaHOB!)

Caenyiomas npo0jeMa — «0KHO A
BBIBOJA 3HEPTHH». MoujHbIe 3JIEKTpPO-
MarHUTHbIE KOJeOaHHS TeHEPHPYIOTCH
B BaKyyMe, a Hy>KHbI OHM HaM CHapYKH
npubopa, B Bo3ayXe. Kasanochk O8I,
oco60H npob/eMbl HET — J11060€ CTEKJIO
HJIH KepaMUKa TIPO3pPayHbl I 3J€eK-
TPOMArHUTHOTO M3JYYEHHA H <He Mpo-
3payuHbl» AnA Bo3ayxa. Ho yacte anex-
TPOMAarHATHOTO H3JIyYEeHHs NOIJomia-
eTCA CTEKJIOM M/ KEPaMHKOH H HaTrpe-
BaeT ee. KepamMuka — MaTepual caM 1o
cefe TepMOCTOHKHH, OJHAKO IIPH Ha-
rpeBe YBE/JHUYHBAETCA €€ IPOBOAMMOCTD,
OHa HAYHHAET CHIbHEE MOrJIOIATh 3JIeK-
TPOMATHHUTHOE H3JyuUeHHEe, ellle CHJIb-
Hee HarpeBaThcA M TaK Jafiee. IJTOT
NpOLECC HA3bIBaeTCA TellJIOBLIM NPoH0o-
€M, a KOHYAeTCA OH CKBO3HBIM NpO-
TJIaBJAEHHBIM OTBEDCTHEM, COEJHUHIO-
MM BaKyyMHBIH ob6beM mnpubopa u
atMmocdepy. [lanpHeillllee B MoACHeHN-
AX He HYXIAAeTcA.

MHorue TexHo/JOrHuecKHe Ipob.e-
MBI, KaK H' npodJeMa H3TrOTOBJIEHHS
CETKH, CBOJAATCA K BbIOOPY MaTepHasa.
[TpuueM cHuTyaumus oOBIYHO YCTPOEHa
TaK, YTO MaTepHaJi, KOTOPBIN criocofeH
BBIJIEPKUBATH 60Jiee BBICOKHE TEMIEpa-
Typbl {HanpuMep, TYroriaBKue u mpo-
yHble MTPYU BHICOKHX TEMIIEpaTypax MoO-
nu6aeH H BosbgpaM), OVIET H HArpe-
BaTbCA CHJbHee (HanpHuMep, H3-3a ILIO-
X0 HPOBOAHMMOCTH W IJIOXOH TeIo-
npoBOAHOCTH). YNCTBIX MeTalloB B
NpPUPOie He TaK YK MHOTO, HO CIL/IABOB
— He c4ecTh. Bao6aBoK ecTh elle KoM-
[O3UTHBIE MATEPHANbl — HaNPHUMED,
cmech (He crias!) BosibpaMa M Mesu,
— COYETANOIHE BBICOKHE ITPOBOIMMOCTS,
TEILJIONPOBOAHOCTE M [IPOYMHOCTD.

4 Kpant Ne 4

S3BIl1 CBY oka-

AJEKTPOHHBHA IMPUBOH

Muorue IBI1 CBY paborawoTr B uM-
NyJbCHOM peXXHMe. JTO 3Ha4YHT, YTO
3JIEKTPOHHEIH [IOTOK OOpYIIHBaeTca Ha
NIOBEPXHOCTh KOJLIEKTOPA HMITY./IbCAaMH
— CcKaxkeM, 1 MKC TOK MJeT, a IOTOM
1 Mc ToKa HeT. 31ech, Ha KOJJIEKTope,
KOHYAETCA KOPOTKAs, HO APKas 6HoTpa-
U 31eKTPOHA — B BaKYYME OH YCKO-
pAJICA, TOPMO3WICA U TEHEPHPOBAT, 2 B
MeTaJlJIe eCTh TOJBKO OCINHKHEA «a/eK-
TPOHHBINA TA3», TaM 3JEKTPOHBL HE OT-
auyaloresa Apyr or apyra. Ho Hanocre-
JOK 3JEKTPOH AEJIaET BOT YTO — OTAaB
OCTATOK 3HEPrHH Ha HarpeB KOJLJIEKTO-
pa, OH CITOCOGCTBYET ero paspymeHHIo.
JeHcTBUTEIBHO, KOTZIa TOK HAET, TO-
BEPXHOCTh KOJIJICKTOpa HarpeBaeTcs, B
nmay3se — ocThiBaeT. IIpM Harpeese mu
OXJIAKIEHUH BO3HHKAKT TEPMHYECKHE
HAIIPSKEHUs, B MaTepHasie KOLIEKTOpa
TIOHEMHOTY HaKaIlIHBalOTCA AHCMNOKA-
IMH, I[IOTOM BO3HHKAIOT TPELIHHLI, H B
HTOTe KOJJIEKTOP HAYHHAeT Pa3pyllaTh-
cs. [laAa yMeHbIIeHHA TIIOTHOCTH MO -
HOCTH My4Ka Mepes KO/LIEKTOPOM OH
«pacIylllaeTcsa*», «PACTACKUBACTCH» Ha
Goabmyio nuomagb (cM. pHc.S).

Ha ypoBHe xopolnero AeTeKTHBA 060 BCEM
3TOM pacCcKa3aHOo B IpeKpacHoil KHure «Ten-
NoH3nYecKHe IIPOHECCHl U 3JeKTPOBAKY-
YMHBIE IIPHOOPEI», HanucanHoi B. . Kopa-
NeHKo ¥ u3nannoi 8 1975 roay uanaresner-
BoM «CoBeTckoe paauo». MHOro Xopomux
KHHT HAITHCAHO 00 3/IeKTPOBAKYYMHBIX IpPH-
Gopax, MHOTO XOpPOIIMX KHHI HANMCAaHO O
TEILNO(MHU3NUECKUX Npoleccax, HO Jyume
3TOH — HeT. KoHe4HO, 3TO Moe JIHYHOE
MHEHHE, H A ero HHKOMY He HaBA3bIBal0.
Jw6osb — 3TO BCerja auyHoe MHeHne, W
IIYCTE BCe JAPYTHE, KTO JeCATHIETHAMH pa-
Gotaer 8 oGaactu IBII CBY, ne obmxa-
10TcA. Bo-nepeeix, 414 T0ro 4TodB HANN-
CATb XOPOHIYIO KHHTY, HEJOCTATOUHO OBITh
NpeKpacHeIM cnenuanucToM. Haao ymers
H3AJMOKHTh ACHO, MOCTYNHO, HHTEPECHO, B
o6miem — yBJaekareapHo. Hy:kKHO HMeTBb
cBOH B3rnAA Ha Mup ¥ Ha IBIT CBY. Hago,
HAKOHell, TPOCTO 3aX0TeTh HAMHCATh KHUTY.
H eme Hano sTo caenath. Tak ke, Kak ¢
by paboTy, — HAIO 3aX0TETh CENATh B

Haf0o COeaTk.

Mb1 0CTaHOBHJIHCDE Ha TOM, YTO OKHa
[IeperpeBaloTCcA H pa3pylialoTcd M3-3a
IIOTJIOLIEHHS] B HHX SHEPTHUM 3JIEKTpO-
MaTrHHTHOH BOJHBI. Ka3ajock 6bI, cO-
3AaHHEM JMAJIEKTPHKOB C 0YeHb MaJIoi
MPOBOANMOCTBIO 3TY 3ajavy MOMXKHO
peliuTh. YBbI, APaKOH OKa3ajcsi MHO-
rOrJIaBeIM. JVIEKTPOH, YAAPAACh O JIIo-
Go¥ MaTepHaJl, BbIOHBaeT H3 HerQ BTO-
pHuHble 3eKTpoEbl. Hy 1 uto? Ilvers
Aake IIAJbHOH 3JeKTPOH YAapHJICA B
KepaMHYeCKOe OKHO BBIBOJA 3HEpPruu
— HY BbIObET OH CKOJBKO-TO BTOPHY-
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HBIX 3/IEKTPOHOB, HY Pa3JIeTATCH OHH
Ky/la monajo, ¥ Bce. YBH, He Bce. Bo-
NEePBLIX, BHIOBET OH BTOPHYHBIX 3JIEK-

"TPOHOB AOBOJIBHO MHOI'0 — HECKOJIBKO

mTyK. Bo-BTOpBIX, pa3 OKHO 3TO Npe-
Ha3Ha4YeHO A/ BbIBOJA 3HEPTHH, TO,
3HAYHT, BOKPYT HEro H B HEM CaMOM
BCErZa €CTh CHJIBHOE 3JIEKTPOMATHHWT-
Hoe nose. Ilone, 3aMeTbTe, mepemMeH-
Hoe. Bropwunble 3/1IeKTPOHBI YCKODPAT-
CA STHM TI10JIeM, HabepyTca OT HEro
3IHEPTHH, BPEXKYTCA B KEPAMHKY, BbIOb-
0T H3 Hee ellle O0Jiblie BTOPUYHBIX
3JIEKTPOHOB, KOTOPbIE ONATH YCKOPAT-
CA TOJIEM, H MOULJIO-TIOEXAN0. JIeK-
TPOHHAS JaBUHA HAPACTAeT, IHEPTHsA
OTHHMAEeTCA OT 3JIeKTPOMArHUTHOM BOJI-
Hbl M MBJAET Ha Harpes OkHa. lakoro
W3/IEBATEJbCTBA — a OHO HA3bIBAETCH
BBICOKOYAaCTOTHBIM BTODPWYHO-3EKT-
POHHBIM PAa3pPAIOM — He BBIAEPKHBAET
caMasi BBICOKOTEMII€EpaTypHas Kepa-
MHKa.

MHoro cH1 4 BpeMeHH ObLJIO NOTpPa-
YEHO Ha NIOMCK MaTepHajia i KOHCTPYK-
IIMM OKOH, JOITYCKAIOIUX BbIBOJA 60./b-
IIHX MolfHocTel. Pekopa MoIHoOCTH
kauctpona 30 MBr (uMnyabcHaa Mo -
HOCTB, TIDH JJIMHE UMITYJIbCA HECKOJIBKO
MKC) npoiepskanics okoo 20 ger. Ho B
1983 roay B CtaudopackoM yHHBEDCH-
TeTe Obli1 paspaGoTaH KJAUCTPOH MODI-
HOCcTBIO 00 MBT, a eme uepes 2 roaa
TaM K& aMepPHKaHCKHe 1 ANIOHCKHE che-
UAIMCThl CAENaNu KJIHCTPOH MOMI-
HocTeio 150 MBt. KpoMe Beero nmpoue-
IO, 0KasaJICA Ba)XHbBIM BBIOOD AHTH-
SMHCCHOHHOI'0 TIOKPBITHA 151 OKHa BbI-
Boja sHepruu. Hu B oHOM BHE CIOPTA
peKopAbl He OBbIOTCA TAKUM CIIOCOO0M
— nocae 20 et npeBbillleHHE CKAYKOM
B8 1,7, a noroM eme B 3 pasa. BnipoueM,
TaKoe U B TeXHHKe ObIBaeT HE4YacTo.




