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OnTummnsauus ANEeKTPOAHbIX CUCTEM ycxopMTeneﬁ MoHOB

LWunko M. H., o-p. TexH. Hayk, Bopobbes B. ®., kaHa. TexH. Hayk, BbensieB I'. B., acn., Kparnkos A. H. cTya.

CtaTbs NocBsleHa Bonpocy onTuMunsauumun 3ﬂeKTpO,qHOVI CUCTeMbl ycxopMTeneﬁ noHoB. lNMpeanaraeTcs uc-
nonb30oBaTb CUCTEMY 3JIeKTPOAOB C NOJIbIM KaToA4OM. PaccmaTtpuBaeTtcs nonbin Katoa B Buae ABYX KOAKCuU-
anbHbIX ULMWNUHAPOB, B KOTOPOM ONTUMU3UNPYETCA BelIMiMHa pagnyca BHYTpeHHero afieKtpoga Ha ocHoBe

JKCNepuMeHTanbHbIX AaHHbIX.

B HacTosilLlee BpemMsi MHTEHCMBHO MPOBOASATCS
uccnegoBaHuss B obnactu obpaboTky MOBEPXHOCTU
TBEPAbIX MaTepuanoB C LUENbl U3MEHEHUS UX
csovicte. OgHMM M3 COBpeMEHHbIX U Haubonee nep-
CNEKTUBHBIX CnocoboB 06paboTkn sABnAeTCA MeTon
UMMMaHTauMM MOHOB B MPUMNOBEPXHOCTHbIE CIOW Ma-
Tepuana.

[Ons acdbdekTnBHON UMnnaHTauMm MOHOB B Ma-
Tepuan HeobXo4MMO UX YCKOPUTb [0 SHEPrUin He Me-
Hee 1 kaB. Peanusauusi nogoGHoOM TeXHOMNorMM B Ha-
CTosiLLiee BPEMsI OCYLLECTBMSETCA C MOMOLLbIO Tpo-
MO3[KMX, OOPOrOCTOSILUMX M CIIOXHbIX B 3KCMnyaTa-
UMM NMHENHbIX yckopuTenen noHos. bonee npoctbim
N 3KOHOMWYHBIM CMOCOBOM YCKOPEHUS MOHOB MOXET
cTtatb cnocob KX YCKOpPEeHWs HemnocpeaCcTBEHHO U3
rasopaspsigHoOM nnasmbl HU3KOro AasneHus. OpHako
YCKOPWUTbL MOTOK MOHOB M3 Mra3mbl NyTeM Hemnocpen-
CTBEHHOIO NMPUMOXEHUS BbICOKOTO HAaMpPsPKEHUS K Me-
XKANEeKTpogHOMY MpPOMEXYTKY He npeacTaBnsaeTcs
BO3MOXHbIM. OHbI, ABMXKYLLMECS K KaToAy, NOCTOSH-
HO WCMbITBIBAOT CTOMKHOBEHUS C HeWTparnbHbIMU
yactuuamm rasa. llocne coygapeHusi npakTU4Yecku
MonoBMHA 3HEPrMU MOHa nepefaeTcs HeWTparnbHON
yactuue. 3a cuyeT 3TOrO npouecca MaKCUMarbHO
BO3MOXXHasi 3HEPrnsi MOHOB B NiasMe MOXeT [OCTu-
ratb nopsagka 1,0 — 5,0 aB [1]. Moatomy Aansa peanu-
3auum MeToda YCKOPEHUS MOHOB U3 NnasmMbl ra3oBoOro
paspsga HeoOXOAMMO WCKIIOYMTb MX B3aMMOLEWNCT-
BMSI C HENTpanbHbIMU KOMMOHEHTaMU NMa3mbl Ha ny-
TV OBWKEHUS MOHOB K Katogy. OTO MOXeT ObiTb JoC-
TUIHYTO NMOCPEACTBOM YBENUYEHUSA CTENEHW MOHW3a-
Uy nnasmel. Ona peanusaumm OaHHOW TEXHOMNOrum
npegnaraeTcs NpoLecc YCKOPEHNSI MOHOB pasfennTb
Ha ABa 3Tana. Ha nepsom aTtane gocturaeTcsl BbICO-
Kasi cTeneHb WMOHM3auuW rasa B paspsigHOM Mpome-
XyTKe, Ha BTOPOM 3Tarne ocyLlecTBnsieTcs Henocpen-
CTBEHHOE YCKOPEHUE MOHOB M3 3TOW Mria3mbl B CUSb-
HOM 3MEeKTPUYECKOM More.

B paHHOM paboTe paccmatpuBatoTca npobne-
Mbl MOMYyYeHMs XONOAHOW NNna3mbl ra3oBOro paspsiaa
C BbICOKUMW CTEMEHAMU MoHM3auuu. OnuHa ceoboa-
Horo npobGera voHa (1) 3aBUCUT OT KOHLEHTpaLuu
yacTuu, C KOTOpbIMU B3aMMOAENCTBYET MOH (n) 1 ce-
YeHusi cTonkHoBeHus (o) [1,2]
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B cootBetctBuM ¢ (1) anvHy cBobogHoro npobera
WOHOB A MOXHO YBENMUYUTL, YMeHbLUasi N U ¢. OgHako
CeyeHue CTOMKHOBEHWA — BENMYMHA NPaKTU4ECKU
HeM3MeHHasi, No3TOMY YBENUUYUTbL A MOXHO TOJIbKO 3a
CYET YMEHbLUEHUS KOHLIEHTpaUMM HENTpanbHbIX Yac-
MY n. [na 0OCTUXEHUS BbICOKOW CTENEHN MOHU3aumm
nnasmbl LiernecoobpasHo NCMOoNb30BaTh 3MEKTPOAHYIO
cuctemy ¢ apdeKkToM NOTEHLMANBHOM FNOBYLLKN 3MeK-
TPOHOB. JTOT 3PEKT COCTOUT B YBENIMYEHUN UOHU-
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Puc. 1. CxemaTnyeckuin pucyHoK, MOSICHSOLLNIA
A(pheKT NOTEHLMANLHOWN MOBYLLKK.
1-nonbI KaTog,; 2—aHopg; 3-MeXanekTpogHoe
NPOCTPAHCTBO MOSOro katoAa; 4—-rpaHuua BblCOKOMO-
HU3NPOBAHHOW Mnasmbl; 5-TpaekTopus 3MeKTpoHa,
coBepLuatoLLero konebaHusi BHyTpK Nororo katoaa.

3aLMOHHOW CMOCOBHOCTU 3MEKTPOHOB 3a cYeT npuaa-
HUS MM CMOXHOW TpaekTtopumn ABwxeHus. [lMpouecc
OBWKEHUS 3NeKTpoHa B cMCTEMe C NoTeHumanb

HOW NOBYLLUKOWM MosicHsieT puc. 1. MNpeanonoxum, 4To
3M1EeKTPOH Ha4YMHaeT CBOE ABWXEHWE OT OJHON CTEHKM
KaToga B HampaBfieHWX CUMOBOW SIMHUWN 3MeKTpuye-
CKOro Morsi Ko BTOPOW CTeHke katoga. [Mpu ABmxeHun
3M1eKTPOHa Ha NepBoOW NOMOBUHE y4YacTka BHYTPW Ka-
Toda OH yCKOpsieTCsl, @ Ha BTOPOM MOMNOBWHE - 3ames-
nsevcs (ABWXKEHWEe NPOTUB CWIT 3MEKTPUYECKOro mno-
ns). B6nnau BTOPOW CTEHKM KaToAa 3NEKTPOH MOMHO-
CTbiO 3aTOPMO3UTCS, N 3aTEM NPOLIECC ero ABUKEHWS
nosToputcA B ObBpaTHOM HanpasneHun. Hanuune
HebOonNbLLON TaHreHUManbHOW CUnbl, AeNCTBYOLLEN Ha
3M1eKTPOH B HanpaBneHuu OCu katoda, NpuBOAUT K
N3MEHEHMWIO TPAEKTOPUN ero OBUXEHWS, U OH, CoBep-
Wwas konebaTenbHble ABWXEHUs BHYTpW kaToga, Oy-
[eT nocTeneHHo ApendoBaTb K KpasM 3MeKTPOAHOWM
cuctembl. Takum o6pa3oM, B MOTEHUMANbLHOW NOBYLL-
ke AnvHa csobogHoro npobera 3MeKTPOHOB 3HauM-
TenbHO yBENMYMBAETCS, N 3a CYET 3TOro BO3pacTaeT
BEPOSATHOCTb MOHWU3ALUMWM HeWTpasibHbIX MOMeKyn ra-
3a, HaxoaALMXCS BHYTPW NOSOro Katoaa.

Ha puc. 2. npegcraBsneHa cxema aKcrepyMeH-
TanbHOW yCTaHOBKW. B KayecTBe BakyyMHOW kamepbl
ucnonedyetcs ycraHoBka BYJIAT-3T. OnekrtpogHas
cuctema, B KOTopoln gocturaetcst adhdekT noTeHum-
anbHOW INOBYLUKA 3MEKTPOHOB, BLIMOMHEHa B BUAE
ABYX KOaKCWamnbHbIX LMANHOPOB. OTW LMNVMHAPLI SB-
NATCA KaToAamMu, a aHOAOM — 3a3eMITEeHHbIN Kopnyc
Kamepbl. BHYTpeHHU AvameTp BHELUHero uunuHapa
KaToga paseH 55 MM, AnamMeTp BHYTPEHHEro LMnnHA-
pa usmeHsieTca B AnanasoHe oT 12 go 40 mm. B ka-
YyecTBe ra3oBOW CpeAbl UCMOMb30BaHbl aproH 1 asoT.
[aBneHue rasa B paboyen kamepe U3MEHSNOCb OT
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1 po 50 Ma. VICTOYHMK MOCTOSIHHOTO HamnpsKeHus,
MCMONb30BaHHbIA B 3KCMEpMMEHTax, obecneuymBarn
NNaBHYK PerynnpoBKy HampsikeHus B npegenax ot
100 go 2000 B npu Tokax go 10 A.
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Puc. 2. Cxema aKkcnepuMeHTanbHOW YCTaHOBKM.
1—BaKyyMHaﬂ Kamepa, aBnaruanca aHoaom; 2—KaTOD,;
3—CcMOTDOBOE CTEKNO.

Mepen npoBedeHWEM 3KCNepUMEHTa dNneKTpo-
Obl TwarensHo ouuwannce 6eH3MHOM, aueToOHOM C
NpYMEHeHNeM YynbTPa3BYyKOBOrO CTUMYMMPOBaHUS.
HenocpeacteeHHoO nepen npoBedeHMEM  dKcrepu-
MEHTa NpoM3BOAMINACh OKOH4YaTenbHass 06paboTka
ANeKTpoaoB B TNEHLEM paspsae B cpefax aproHa u
asorTa.

McnbiTaHma npoBoaunucb Mpu  NMOCTOSHHOM
OaBneHun, nogaepxveasLleMcs C MOMOLLbIO aBToMma-
TUKK. Mpn onpegeneHHOM HanpsXKeHUU Mexay CTeH-
KO Kamepbl M BHELHUM UMNWHAPOM Katoda 3axu-
rancsa Tnewowmi paspsg. BHyTpu nonoro katoga pas-
psA npy 3TOM OTcyTcTBOBan. [danbHenwuni nogbem
HanpsHKeHUs1 NPUBOOUIT K BO3HUKHOBEHMWIO BHYTPU
KaTtoga SIPKOro CBEYEHWs!, MpUYeM TOK B OAHHbIN MO-
MEHT yBENUYMBAICS CKa4ykoM. OTO HanpskeHue uk-
CMpPOBAarnoch Kak HarnpshkeHue 3axuraHus paspsaa C
nonbiM kKatogom. BonbT-aMmnepHas xapakTepucTuka
(BAX) pa3psiga cocTouT M3 ABYX y4acTKOB — BO3pac-
Tawllen BeTBM M nagawowen BeTBu. Ha Bospacrtato-
wem yyactke BAX c yBenumyeHuem Toka HanpsbkeHue
BO3pacTaeT, NpuyemM CKOPOCTb €ro pocta yMeHbLua-
eTca. [lanbHelillee yBenuyeHWe Toka MNPUBOOUT K
noseneHuo nagawowen setsn B BAX paspsga. NMpu
3TOM HabngaeTcs XryTupoBaHve paspsaa ¢ CUbHO
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Puc.3. 3aBUCMMOCTb HanpsXXeHUst OT NOSIHOMO TOKa MpWU OTHOLLEe-

HUsIX pagmycoB anekTtpogos: 1 —0,22; 2 - 0,36; 3 — 0,55;
4-0,73

BbIP2XXEHHbIM KaHaroMm Ayrv U SPKUMKU KaToO4HbIMU
NSTHaMU Ha NMOBEPXHOCTU ANEKTPOLAOB.

Ha puc. 3 npencrtaBneHbl BOnbT-aMnepHble
XapaKTepUCTUKN paspsaa C nonblM katogom. Kak
BMAHO M3 rpaduka, CyMMapHbIA TOK 3aBMCUT OT OT-
HOLUEHWs OWaMeTpoB 3reKTpodoB kaToga. Jnek-
TPOOHOW CUCTEME C MEHBLUMM OTHOLLUEHMEM AnameT-
pOB KaToda COOTBETCTBYET MEHbLUEEe 3HayYeHue CyMm-
MapHoro Toka. Ecnv gns cuctembl 9nekTpodoB C OT-
HoweHueM paguycosB 0,22 NOMHbIA TOK Is Kak gyHK-
LUst OT HanpsbKeHUs UMEET SIPKO BbIPaXKEHHBIN 3KCMo-
HeHUManbHbIA XapakTep, TO AN CUCTEMbl 3NEKTPO-
0OB C OTHoweHuem paguycoB 0,73 OH M3MeHsleTcs
NnpaKkTU4eckn No nuMHeHoMy 3akoHy. B nocnegHem
cny4vae Trnewwun paspsa nocrne 3axuraHus npakTtu-
Yecku cpasy nepexoauT B Oyroson. M3 saaBucumocTemn
Ha puc. 3 BUOHO, YTO cucTeMam C HanbonbLUMM Cym-
MapHbIM TOKOM COOTBETCTBYIOT Haubornbluve 3Have-
HWUS HanpsKeHU 3axkuranus. HanpspkeHus, B npeae-
nax KOTOpbIX M3MEHSIETCA CyMMapHbIA TOK, 3aBUCAT
OT OTHOLLUEHMSI pPaaWyCoB 3MEKTPOOHON CUCTEMBI.
OneKkTpoaHbIM cUcTeMaM C HaubOMbLUMM MEX3nek-
TPOOHBIM PacCTOsIHUEM COOTBETCTBYET Hambonbluas
pPa3HOCTb MeXAy HanpshKeHUeM 3aXuraHusa u Hanps-
XeHuem nepexopa B ayry (puc. 4).
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Puc.4. 3aBUCMMOCTb yaenbHbIX MOLLHOCTEW 3NEKTPOAHOMN
CUCTEMbI OT HanpPsHKeHUs1 NPU OTHOLLEHUW paauycoB
anektpogos: 1-0,22; 2 -0,36; 3 -0,55;4-0,73

Mo pesynbTaTam M3mepeHuii NPou3BeaeH pac-
YyeT yaenbHOM MoLllHocTU paspsiga Py, Bbloensemon
B eQuHuLe o6bema MexaneKTpoaHOro NpocTpaHcTBa
nomnoro katoga (puc. 5). BeianeHo, 4To ¢ yBenuyeHu-
€M OTHOLUEeHMS pagunycoB LMNWHAPOB Katoda MOLL-
HocTb Py, Bo3pacTaeT. KpyTusHa 3asmcumoctun Pyg(U)
onpefenseTcs OTHOLIEHWEM PaauycoB 3MeKTPOdOB
r/R. Mpu otHoweHun r/R =0,73 pocturaeTcs Hau-
6onbliuee 3HayYeHWe kpyTuaHbl Pyg(U). 3oHgoBble mc-
CrnefoBaHMs NOKas3blBaloT, YTO yAeNbHY MOLLHOCTb
paspsga (Pyg;) MOXHO Mcnonb3oBaTb B KavecTse Mo-
KasaTensa crteneHyn noHusauum rasa. Ha puc. 6 npeg-
CTaBfieHbl 3aBUCMMOCTU MaKCMMarnbHO AOCTUraeMbIxX
yAenbHbIX MOLHOCTen pa3psga Pyy max OT OTHOLIEHUSA
paguycoB anektpogos r/R. B pesynbrate mccnego-
BaHWM onpedenunu onTUManbHOe OTHOLIeHWe pa-
OWNYCOB 9MeKTpoAOoB, NPU KOTOPOM AOCTUraeTcs Hau-
bonblasa cTeneHb MOHM3aUMKM rasa B pas3psiaHOM
npomexyTke. OTO onTuMansHoe oTHoLleHue /R pas-
Ho 0,55.
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Puc. 5. 3aBuCcHMOCTD HampsHKEHHS 3aKUTa-
HUS OT OTHOIICHHSA pPaJuyCOB LMIUHIPOB
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Puc. 6. 3aBnucMmocTb yaenbHOM MOLLHOCTU paspsiaa
Pya, Bblensiemon B eamHuLe obbema MexanekTpoa-
HOro NPOCTpaHCTBa MOJIoro kKaTtoAa, OT OTHOLLEHUS
paauycoB anekTpofos r/R

PesynbTaTbl MCCrnegoBaHUn No3BONUIM caenatb Bbl-
BOA O TOM, YTO 3N1eKTpoAaHaA cucrtema C nosibiM KaTto-
OOM no3BonsieT 3PdEKTMBHO WOHM3NPOBATL ras B
pa3pAaAaHOM MPOMEXYTKe. Mpn aToM cTeneHb MoHM3a-
umn 3aBUCUT OT KOH(*)MpraLI,VII/I katoga. CornacHo
aHann3y noJlydeHHbIX pe3ynbTaToB, MpU MCNONb30-
BaHUM KaToda B BuAe KoaKkCcuallbHbIX UWIMWHOPOB
MakcumarnbHaa CcTeneHb MoHMn3auun gocturaeTcd npu
OTHOLWUeHnn pagnycos UMnMHOPOB, NpUMepHO paBHOM
0,55.
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