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AHHOTaUMA

B pafoTe ommcaHbl SKCMEPUMEHTHI O MOAYUYEHHIO TOPMO3-
HOTO M3JYUYEHHS C NMOMOLULILK MOUIHOTO MUKPOCEKYHIHOTO
anextpornnoro nyuka (I MB, 50 kA, 3 mkc, 60 x[Ix). B
Ka4eCTBE MCTOUYHMKA U3JIVUYCHHA HCIOAB3YETCH TOHKAS
dos1bra, pacmoOXeHHAd MEXAY ABYMS CHIBHBIMMK
MarauTHRIMU Npobkamu. Mccaenosaso pausaune matepraia
¥ TOTIHHBL (DOSTBIY, 4 TAKXKE €€ NOI0KCHMS OTHOCHTEIbHO
MArHUTHRIX NPOOOK HA 3dpEeK THBHOCTH FreHEPA MM TOPMO3 -
Horo u3sayudenus. [lokasano, uto gaHHast cxema odec-
MEYMBACT YBEJTHUCHHbBIH BBIXOJ MSAIKOTO TOPMO3HOTO U3V -
uenus B auanasoHde 10—50 k9B u npakTHUYECKH HE BAKSIET HA
peXuM pabdoTsl reHepaTopa nyyka.

Hucmumym sidepnoit pusuxu CO PAH

BBEAEHHE

VICTOUHMKH TOPMO3HOr0 M3JYUEHHS WCMOJB3YIOTCH B PA3THUHBIX
MPUIOXKEHUSX. B GOJBIINHCTBE M3 OTHUX NMPUIOXEHHI BAXXHBIM NaPAMETPOM
SBJSETCH YJEJbHAs JHEPrus, MOIVIOLIEHHAs B HCcaegyemMom obpasue.
BenMuMHa TOTJIOMIEHHOM DHEPTMM OMNMPENeaseTcs KAK UCXONHBIM TOTOKOM
()OTOHOB, TaK 1 KOI(PPUIMEHTOM HX MOTVIOMEHNT B MaTepuaie. Itum odcTo-
ATEJILCTBOM OINPEAEASETCH HHTEPEC K MOJYYESHHIO TOPMO3HOTO M3IYUCHUS C
YBEJHUYEHHBIM BBIXOA0M B MATKOM 001acTH CnEKTpa.

CranpapTHBI DOAXOA K MOJTYYEHHIO TOPMO3HOIO H3JIYUEHUS COCTOUT B
MCIO/Jb30BAHHH MHIIEHU M3 MaTepuasia ¢ OoJbIIMM aTOMHBIM HOMEPOM Z C
TOJIIIMHOMN MOPSIKa ATHH B podera 91eKTPOHOB Myyka. B atom cnyuae ciekTp
(DOTOHOB OrpaHHYCH CHM3Y NOIJIOUWIEHHEM B MAaTepHAJe MHLUIEHH W /IS
oHepruM 37eKTpoHOB ~1 MaB u Z~70 (W, Ta) HuXHSS rpaHHUA CIIEKTpPA
Jgexur B paitone 100 kaB.

s yBEeIMUEHUS BbIXOAA U3y UEHH S B MEATKOM 001aCTH CIEKTPa HCIIO b=
3YIOTCH CXEMBI C TOHKOM MWILIEHBIO U MHOTOK PATHBIM MPOXOXACHUEM 3JIEKT~

'POHOB NYUYKa Yepe3 MUIIeHb. MHOrOK paTHOE IPOX0XAEHHE JIEKTPOHOB UEPEe3

MHIIEHD PEATU3YETCH, HANPUMED, B CXEMAX C APEiOBEIM ABMKEHUEM JICK-
TPOHOB B MAarHMTHOM moJsie npamMoro Toka {1, 2]. Jpyroi nogxoa COCTOMT B
peanu3auuy CXEMB C OCHM/LTHPYIOLIMMH 3/IEKTPOHAMH, B KOTOPOM MYUOK C
TOKOM, CYI[ECTBEHHO MPEBLIIUANMUM OPENEJIbHBIH BAKYYMHBIN,
MHXEKTHpPYeTcs B ApeidoByio obaacts. [Ipu 53T7oM nposcxoauT odpasosaHue
BUPTYaJbHOTO KAaTOAA M 2JICKTPOHBI MyuKa OCLMAJAHPYIOT MEXKAY KAaTOAOM
VCKOPUTEAS M BUPTyanbHbIM Katomom [3, 4, 5]. ITocnemusisi cxema moxer
ObiTh 9(hhekTHBHO peann3oBaHa TONBKO Npy HEGOMPIION AAUTEIbHOCTH Ty Y-
ka (<100 Hc), mOCKOABKY B CAyuYae MOLIHBIX MHKPOCEKYHIHBbIX P3II
MPOMCXOAUT OBICTPas HEWUTPAAM3ALNS NMPOCTPAHCTBCHHOIO 3apaaa NyukKa
HOHAMU, 00pa3yIOUIMMKCY HA MMILEHM M aHOAHOM dobre yekoputeas [0 ].

B Hacrosiueit pabore paccMATPHUBACTCH BO3MOXHOCTb MCLIO/Ab30BAHIS
OTPAa>KEHHS My4YKa OT MArHUTHHIX MPo0OK (3axBaT cuapHOTOuHOro P3I1 B
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MATHUTHYIO JIOBYLUKY) A8 pPeanusaluMy pexyuMa MHOTOKPATHOrO MmpoxXox-
ACHMUST MYYKA 4YEpe3 TOHKYIO MULIEHb, [Jid DTOro 3ACKTPOHHBIN MYyUYOK
HHKEKTHPYETCS B MATHUTHYIO0 JIOBYIIKY YCPE3 BXOAHYIO MATHHUTHYIO NPOOKY.
B npoOkoTpoHE yCTAHABAMBASTCH TOHKAS paccenBawwas Qposabra, KotTopas 1
SIBJISIETCSI KOHBECPTOPOM TOPMO3HOIO H3AYUCHMSL. B pE3yabTaTe npoxoxacHus
uepe3d 3Ty (Posbry 3JIEKTPOHBL MYUYKA PACCCHMBAKOTCH H HEKOTOPASt UX WACTh
OTPaXaeTcs OT BHIXOAHOW MpodkH. OTpasuBIIMECS JJEKTPOHB HAUWHAKOT
OCIMJUTHPOBATE MEXAY MATHUTHBIMHA MPOOKAMM ¥ MHOTOKPATHO MEPECEKATH
doakry, Tepss B Hell cBoto oHepruto. [TopbopoM ToammHbl ONBIH MOXKHO
o0eCneyuTh 3aXBAT 3HAUMTCABHOM YACTH VUKA B JOBYIIKY TIPH TOTULIHC
hoNBrH CVIIECTREHHO MEeHbIDE IJMHBL nmpodera 2aeKTpoHoB. IIpuBiaeka-
TEJIbHOCTh AAHHOIO NOAX0Aa COCTOHUT B CACAYIOUIEM:

a) OTCYTCTBYET BJAMSHUC OTPAKEHHBIX (OCLULIMPYIOUIMX) D;ICKTPOHOB
H4 paboTy AMOIA YCKODMTEAS, B UACTHOCTH, HA Cro MMMEAAHC, B OTJIHYHME OT
CHCTEM C BHPTYaJbHBIM KATOAOM; 0) HMEETCH BO3MOXHOCTE PAOOTHL C MYUKAMHU
MHKPOCEKVHAHOM AJTUTEIbHOCTH, MOCKOMBKY B JAHHOM CJIYYAE HC BOZHUKAET
BOMPOCA 0 HEMTPAJM3aUMM NPOCTPAHCTBEHHOIO 3apsia MyuYKa M HMCYC3HO-
BEHHMH BUPTYAJbHOIO KATOJA.

CXEMA SKCITEPUMEHTA U ITUATHOCTUKH

JKCnepuMeEHRTH npoeoanance Ha ycraHoBke Y-1 [7]. Cxema skc-
nepuMeHTa rpuBeacHa Ha puc. 1. Snexrporuniii nyuok (0.8 MB, 60 xA, 3 mkc,
60 xIlx) resHepupyercd B KBA3HILUIOCKOM AMOAE C rpadMTOBBIM KAaTOOOM.
Huamerp katoga 2lcm, 3a3op anog — karox S—8cm. Ilocne mpoxosxaeHust
uepes TOHKVIO aHOAHYIO (onery 7 (anoMuHH3MpOBaHHBIM JaBcad 10 mMxm)
My4yoK aguadaTHyecKy CXKMMAETCS B TPOJOJTbHOM MATHHTHOM NMOJE, HapacTa-
roureM ot 3—3 kI'c B mmone yekopurtess a0 60—100 xI'c 8 npobke, u nonagaer
B NpoOKOTPOH C NpoOOYHEBIM OTHOLIEHUEM [ [, 00pA30BAHHBIM KATYLUKAMA 2 |
3. Paccrognue mexav marHuTHeiMM mpodkamu 40 cMm. B cnyuae, korga B
npoBGKOTPOHE OTCYTCTBYET paccenBaromas oapra 8, nyuok 6e3 noreps npo-
XONHT YEPC3 BTOPYIO NPOOKY M MONagaeT Ha KOJUIEKTOp /0, pacnoIoXeHHbII
B MaruuTHOM nose 3—3 kl'c. B akcnmepumeHsTax MCMoIb30BANMCH pacCeuBa-
omue donpru w3 Al, Ti, Ta pasauunoi Tommmes. VX mosoxesMe MONIo
M3MEHSTCH KaK 3TO MOKA3aHO HA puc. 1. Boapiuast 4acth OMMCBIBAEMEBIX JKC-
nepUMeEHTOB ObUTA NPOBEACHA NpH MPOoOOYHOM OTHOMIEHHH B 001aCTH pacmno-
JOHCHHUS MULLICHU PABHBbIM [ [,
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Puc. 1. Cxema 9KCIepUMEHTAIBHON YCTAHOBKM: /—4 — KATYLIKH MATHATHOTO
noJid, 5 — penrreHosckuit D0I1, 6 — kaTon vckopuTens, 7 — aHOI-
Hast oabra, 8 — mumenHas Goapra (Apyrue BO3MOXKHEIE MECTA
YCTAHOBKH MHIUCHHU MOKA3aHbl MYHKTHUPOM), 9 — pasjgeaureabHad
thosibra kosaekTOpa nyuka, 10 — xomnekrop, RC1-RC6 — nosica

Porosckoro, "LiF" — MecTo ycTraHORKHM TEpMOAKOMMHECICHTHBIX
AO3MMETPOB. BHHM3y — pacnpeseneHue MarHHTHOrO Nojis BAOIb OCH
YCTAHOBKH.

Tok myuka Ha BXOJE M BBIXOAC M3 JIOBYIIKHM, d TAKXKE NOJTHBIC TOKU B
PA3JIMUHBIX YACTAX VCTAHOBKHM M3Mepaauch noscamu Poroeckoro RCI-RC6.
Pasmep uanyvaromeit 061acTH 1 OJHOPOIHOCTH PEHTIEHOBCKOTO M3JIVUCHSI
ONpPEeeNsiIuCh C NOMOLIBIO PEHTreHOBCKOr0 DOTIT HA OCHOBE MHUKPOKAHAILHO !
nactunsl [8 ]. Bpemennoe paspemrenne 01T cocrasasino 0.3 MKC., npocTpit -
creeHHoe ~0.5 cM. MHTEHCHBHOCTD XECTKOr0 TOPMO3HOTO H3AVUCHHS
PErucTPUpPOBAJIACh pin-AuoAoM. MHTEerpanbHas 3a MMNYJIbC 1034 PCHTICHOB-
CKOro M31y4CHHUS ONMPEIEISIaCh C TOMOLUBIO TEPMOJIOMMHECUEHTHH X ACTCK-
TopoB (TJI/L) n3 LiF [9 ], pasMewmieHHbIX B BAKYYMHOM KAMCPE HA PACCTOSIHHH
15 cm ot mumienn. I8 OLCHOK CNEKTPAIBHOTO COCTABA TOPMO3HOIO HATV -
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YEHHWT TIPOBOJMAMCE M3MEPEHMS ZO3bl 334 MOMIOMAKIIMMH (DHUABTPAMH
pPA3IUUHONK TONIMHEL. PEe3yabpTaThl 3TUX M3MCPCHU CPABHUBAJINCE C pACUeT-
HBIMU 3HAUEHHSIMH.

SKCITEPUMEHTAJIBHBIE PE3VJIBTATBI Y X
OBCYXJIEHUE

1. 2 pexrTMBHOCTL TOPMOKEHHS MTYYKa B MUILEHH

THNUYHBIE CUTHAJB, WILTKCTPUPYIOMHE dDPEeKTUBHOCTh TOPMOXKEHAS
MyyYKa B MHUICHM, TI0KA3aHbl Ha puc. 2. Hanpsokenue va auone U A0CTHIaio
0.8 MB, Tox MHXEKTHPYEMOTO B JIOBYWIKY nyuka /; gocturan 60 A x koHmy
MMIYAbCa. JJIMTeIbHOCT MMIYJIbCA ~3 MKC ONpeaesisiach AMOAHBIM 33a30-
pOM, KOTOPBII B JaHHOM ciryyae cocrasasia 0 cM. Besmunsa Toka nmyuyka Ha
BEIXOJIE H3 JIOBYIIKH [, (u3mepenHast nosicom RCO) mensnach B 3aBHCHMOCTH
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Puc.2. Beepxy: U — HanpsgaxeHHe Ha AUOCAE yckopuTeas, /1 — TOK

HHXCKTHPYEMOIO B JJOBYUWIKY IMYYKd, fb = YR II}":IKEI Ha BHIXOOEC H3
nosyuiku. Mumenb — 30 mxm Ta B cepenuse noBywku. Bausy —

CHTHAJ pin-anoza.

OT TOJILMHBI MUIIEHHOH (DosIbry B TOByWIKE. Pasuuua Mexay TokaMu Iyl
MPEACTABJISET CO00I TOK IIEKTPOHOB, TOPMO3ALUMXCSH B MAIIEHH, DHEProco-
ACPXAHUE MHXKEKTUPyeMoro nyuk O, =fU I, dt cocrasasno 60 xIx. Beuin

MPOBEJCHBI DKCIIEPUMEHTBI, B KOTOPBIX M3MEHSIACHh TOJIMHA MHIICHH W e¢
mMaTepuat. I(heKTHBHOCTD NONIOLEHH ST HHXEKTHPYEMOTO My4Ka B MHILICHA
(Q,~ Qb)z’ Qy, rac Q,—9oHeprus myyka Ha BHIXOAE, PETHCTpHpyeMast Ka-
JIOpUMETPOM /0, B 3aBUCHUMOCTH OT TO/ILUUHBI MUTIEHH (r/cM”) npeacrasicHa
Ha puc. 3. Buaro, uro addexTuBHOE nornomenune nyyka B Mmumenn (Goaee
809%) npoucxoaut npu Tomuuse doapra 0.02 r/cm 2, YTO COCTABJISIET OKOJIO
1/20 ot 3xCcTpanoaMpoBaHHON AJIMHB TPOOETa S71EKTPOHOB MYy YKa.

JKCMO3HUHUOHHAS 0332 TOPMO3HOI0 M3JYUCHUY, ONPEACICHHAS C
noMombo TJIJ npu mcnosns3oBaHum B Kauectse mumeHd Ti doabru
roauHoi 100 MxMm, cocrasnaa: 6e3 dpunsrpa — 1400 P, 3a dpusisTpom 0.5 mm
Cu — 340 P, 3a dunsrpom 1 MM Mo — 290 P.

Pasmep u3nyuyaromeii 061acti 1 0OfHOPOXHOCTE TOPMO3HOIO H3/IyYCHNAS
ONPENEIINCH C MOMOLIBIO peHTreHoBckoro J0I1. BapuanTel pacnosoxenus
S0I1 oTHOCHTELHO MHUIICHH TMOKA3aHbl HA puc, 1. JnaMerp uanyuaromedt
06J1aCTH COOTBETCTBOBA OXHMAAEMOMY Pa3Mepy MyuKa COMIACHO XOXY CHIO0-
BBIX JIMHMH MarHUTHOTO N0Ji4 ¥ cocTasasn [4 ¢cM 114 mpoboUYHOro OTHOMEHUS
11, n 10 cm ana nmpobGouHoro orHomenus 5. B Teuenue scero mmmysnca
HM3JIYYEHHE PACHPEICICHO OOHOPOAHO MO MOBEPXHOCTH MULICHH. THINHYHEE
CHHUMKH MHIIEHH, NOJYUYEHHBIE B MOMEHT MAKCHMYMa MOLIHOCTH TOPMO3HOIO
H3AYYEHHUS (~2 MKC), NpHBEIEHB Ha PHUC. 4.

2. CnexTpajibHbIi COCTaB TOPMO3HOI'0 M3J1y4EeHUA U3 TOHKOM
' MHUIIIEHH

@opma cnexTpa TOPMO3HOTO H3JIYUEHUS IPHU OTHOM TOPMOXEHUH DIEK-
TPOHOB B CPEJIE PACCUMTHIBAJIACH MHOTMMHM aBTOpamMu (cM., Hanpumep, [10,
11]). [lns OLEHKH BHIXOAA M CHEKTPANBHOIO COCTABA TOPMO3HOIO M3y YEHUS
U3 pacCMaTPHBAEMOrO B HACTOSLIECH paboTe KOHBEPTOPA MBI BOCIOIB3YEMCS
peayabraraMu pacuetos [12 ]

PacnipegesieHue sHEpruy Mo CIEeKTPy TOPMO3HOro uanyuenud J(g) 0es
yu€Ta CaMONOIJIOMICHHU Sl B MUIIEHH MOXHO 3aIIMCAThb B BUJC:

J(g)=n(E)*F(g/ E) (MaB/M>3B/31exTpon)
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Puc. 3. 3aBHCUMOCTD 3(DEKTHBHOCTH MOIVIOMEHHS HHXKEKTHPYEMOIO ITyYKa
B MHIUIEHHU OT Tonmuabl Mmumenu (Ta, Ti, Al).

Puc. 4. CHuMKI MHIIEHH NONTYUYEHHBIE peHareHOBCKUM DOT1. JL1uTessH0CTS
skcrosunuy 0.3 mxc. Cripasa npuBeneH CHUMOK IOy YEHELIN yepes
6ok0BOE OKHO, Ha KOTOpOM Bostee ciaboe n300pax eHUE COOTBETCTYET
OTPAXXKEHHUIO PEHTTEHOBCKOINO M3JY4YEHHS OT OOKOBOM MOBEPXHOCTH
OKHa. -

3pnece n(E) — OTHOCHTE/NBHBIA BBIXOA TOPMOSHOIO M3AyUeHHs, E —
MCXOAHAS IHEPrus SJEKTPOHOB NMyuyKa, ¢ — 3Heprud ¢GHoToHoB, Flg/E) —
YHHBEPCAJIbHOE CIICKTPAIBHOE PACIPEAE/ICHHE TOPMO3HOIO U3 YYCHHS,

Hannuue nmoriomennss B MHILCHM MOXKHO YUYECTh, BBCAS HEKOTOPYIO
ahdeKTHBHYI0 TOMWMHY NOIJIOTUTES deff ¥ yMHOXas J(g) Ha exp(—
m (g)*d off » TRE M. (e) —nnHEHHBIE KO3 bHINEHT NOrIoMERN B MATEPHAIE
Mumenn. Beanuuna d of BeIOupanace nopsaka 0.3—0.5 Tommmus MAmenn.
BeruucaeHHBIH TAKNM 00pa30M CIIEKTPAJIbHBIH BRIXO TOPMO3HOIO H3JIYUCHUS
13 W MHIICHHU MDY NOJHOM MOMVIOMEHHN ITYUKA B MHIIEHH U PAa3IHUHbBIX d eff
NOKAa3aH Ha puC. J. BuaHo, YTO NpH KENO/IL30BAHMH B KAYECTBE KOHBEPTOPA
TOPMO3HOTO M3JIYUYCHHWS TOHKOM MUIICHW C MHOTOKDATHBIM NPOXOXICHHEM
NyyKa CYI[ECTBEHHO YBEJHUMBAETCH BBIXOZ MSIrKON0 PEHTreHa B 00JaCcTH
sueprui 10—100 k3B.
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Puc. 5. CuexTpajibHBIi BBIXO[ TOPMO3HOIO H3JIyUEHHS M3 BOJLMDPaMOBOI
MuIieHH: [— 6e3 yuera camomortouienus; 2, 3 — sddexkTusras
TOAmUHA MULIEHH 15 MkM u 150 MKM, COOTBETCTEEHHO. DHEprus
anextponos 0.6 MaB.

ITo M3BECTHOI CIEKTPAIbHON HHTEHCHBHOCTH M3/TYYEHHS MOXKHO HANHTH
MHTETPANIBHOE 338 MMIIYJBC CIEKTPANbHOE PACIpEe/ieHNE SKCIO3HIIHOHHOM
n03bt D/ de:




dD. o e
de =

i ()zg el exp(—ni(e)deff—mf(e)d) dt

4R

roe g{e) — k03U HEHT MOryIomeHus SHEPTUH (POTOHOB B BO3AYXE, myf(e) —
JUHEHHB N K03DPUIMEHT MOIrJIOMMEHHI B AOMOJHUTEAbHOM (DHUABTPE
tonaumHo# d, I(f)=I1—Ip — TOK NMyyKa Ha MULIEHb, ¢ — 3aps] JNCKTPOHA,
R — paccrosHue OT MEHIUEHM J0 TOUYKH Habonennd, a f — reoMeTpuyeckunit
MHOXHTEb, [.}EBHI:IH 0.75 png TOUYKM HM3MEPEHUS N03bl, OTMECUCHHOM HA
puc. 1.

BEIUMCIEHHOE CNEKTPAJIbHOE PaCcpENeNeHHE O3kl sl Pa3/IMUHBIX -
(DEKTHBHBIX TOJIIHH MHIIEHW H HCMOJb30BAHHHX B JIKCIEPUMEHTAX
¢uabTpax npuseneHo Ha puc. 0. Ecau npomuTerpuposars sesnuuny dD/de
no sHepruy GOTOHOB, TO MOJYYHM BEJHMUHHY SKCHIO3UIMOHHOM J03Hl 34 BhI-
GpanHbIM (uAbTpoM. 3aBHCHMOCTH O3Bl OT SHEPrMH OTCEYKM HMCNOIb30-
BABIIMXCH B SKCmepumenTax (uabTpos npusegena B tadauiue 1. B aToit xe
TAOMMIIE NIPHBEIEHB BEIWYHHBL J03bl, H3MEPEHHBIE 3d COOTBETCTBYIOIMMHU
(bHIBTPAMM C TIOMOLIBIO TEPMOJIOMHMHECLCHTHBIX AO3MMETPOB /ISl C/Iy4as,
KOTAa B KAUECTBE MMIIEHW MCIOAb3oBanack Ti donbra rommunoit 100 mxM.
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Puc. 6. MHTerpanbHOe 3a MMNYJBC COEKTPAJIbHOE pacrnpeaeseHue I03bl Ha
paccrossHuy 15 CM OT MHOICHM /ISt TAPAMETPOB ITy4YKa COOTBETCTBY-
romux puc. 2. Ciesa — 114 BoabhpaMoBoii MuLICHH € IDGHEKTHBHOM
tomuHoi: /— 0 mxm, 2— 15 mxMm, 3— 150 mxm. Copasa — i
MUIIEHH H3 TUTaHa ¢ 3hdexTuBHEOM TommuHoi 50 MxMm (/— Ge3
JOMOJHUTEABHOrO (OUIBTPa, 2— 3a (DUIBTPOM M3 ME[H TONIIMHOM
0.5 MM, 3— 3a ¢uabrpoM u3 Mormbdaesa 1 mm).,
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BuaHO, uyTO HAGII0AAETCI COOTBETCTBHE M3MEPEHHOND U 0XKMIAEMOr0 CNEeKT-
PAJIbHOIO COCTABA TOPMO3HOIO U3AYUECHHM . BenMuHA 9KCNO3HIMOHHOM 03k,
coaepxauieiics B oToHax ¢ sHepruein menee 50 k3B, cocrasiser 0KoJo
1000 P 3a uMnyabC HA pacCcTOSHUMM 15 CM OT MMLICHH.

MuuieHb Hoza (P) na paccrognuu 15 cm
3a (huabTpaMu
Marepnan | Tonmmusa, — Cu, Mo,
MKM 0.5 MM I MM
(E>40 | (E.>90
x3B) koB)
Pacuer W 150 1700 1500 1200
(Q1=60 k1 x) W 15 3900 2000 1500
Ti 100 1700 400 300
Dkcnepument | Ti 100 1400 350 290

3. Bausinue MULIEHH Ha padoTy AMONa YCKOPUTES.

OnuH M3 BOMPOCOB, TpeOyOMUX PACCMOTPEHHS IIPH PEATH3ALHI AaHHOM
CXEMBI IOTYHYEHHM S TOPMO3HOI0 H3AYYEHHMS, 3aKIF0YAETCS B ONIPEEIEHUH CTE-
NeHN BIAMSIHUSE OTPa’KeHHBIX OT MUIIEHH 3/IEKTPOHOB Ha paboTy MHKPOCEKYH-
IHOTO Auoaa. M3BecTHO, YTO MpM PacnoJOXEHWH MHUIIEHW M3 MAaTEpHasa ¢
6OBIINUM Z HEIOCPEICTBEHHO B AHOAE YCKOPUTETS THO0 B MATHUTHOM NMpobKe,

'HaBII002eTCd CYHECTBEHHOE M3MEHEHHE PEXXMMA padoThl AMOAA: TPOHCXONUT

Gosiee paHHuUI TIEPEX0 AU0HA B OHIOISPHEIH PEXHUM U 3HAUMTEIBHO COKpa-
HIaeTcs AU TEIbHOCTL reHepaunu myuka [13, 14, 6 ]. B ciyuae, koraa Mumesb
GBJISETCS AHOAOM YCKOPHTENS, OTH M3MECHEHWS CBASAHBI KaK C Bonee
WHTEHCUBHBIM IL1A3M000pa30BaHUEM HA dHOZE, TAK U € OTPAXKEHUEM YACTH
371€KTPOHOB OT MMINIEHH B THOJHLIH 3230p. Ec/IH XXe MHIIEHb DACTIOIOKEHA 33
aHoaHON hOABrOM B MATHUTHOI MpobKe, TO OCHOBHEIM PaKTOPOM, BAHSIOIINM
Ha paboTy AMOpa, CTAHOBATCS OTPAXEHHBIE OT MWUICHH 37eKTPoHHL ITpu
TOHKHX AHOAHBIX (DOJBTaX ITH 3JAEKTPOHLI COBEPMAOT 0OBLIOC YUCTO
OCUMULASIKA MEXIy KATOAOM M MAarHMUTHOM NPOOKOH 10 HX NOIJIOLIEHHUS B
¢osbre. [TosTomy naxce npu HeOOABUIOM KO2(DPHIMEHTE OTPAXKEHUS SNIEKT-
POHOR TLIOTHOCTb OCUMJLTHPYIOMMX 3JIEKTPOHOB MOXET OBITh 3HAYNTE/IbHON,
YTO NPHBOAMT K CYHIECTBEHHOMY YMEHBIICHUIO MMIEAAaHCA OMIIOISPHOro
aMoga M 3aTeM K ero 3akopaumsammio. Kak Osuto mokasano B [6], npu
MHXXEKIMH NYYKa B CAIBHYIO MATHHTHYIO0 1poOKy (koadduuuent cxarus 20)
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3aMETHOE BIMSHHC HA pa0OTY AMONA HAYMHAETCS YXE MPH FOIE OTPAXKEHHBIX
9JIEKTPOHOR TOPSIIKA HECKOJhKHX NPOLLEHTOR, '

IIpw peanusauun paccMaTpuBaeMoi B HACTOSILIEH paBOTe CXEMEL C pac-
MOMOXEHHEM PACCEMBAIOLIEH (DOMIBIM B MPOOKOTPOHE A0S DIEKTPOHOB, Bhi-
JCTAIOMAX B AHOA, ONPEAEAACTCS BENMUMHOM MPOGOYHOr0 OTHOLICHHS
M = HMM!HI, roe A — none B npobke 2 (cm. puc. 1), a H,— noJjie B Mecte
PacrnoyjoXeHus MumeHn. Ecau 370 npoGOYHOE OTHOWEHHME JOCTATOUHO
BCJIMKO, TO BJIMSHUE MHUILICHH HA paboTy AMOAA AOMIKHO OBITH HE3HAUMTEIE-
HbBIM.

OKCrepUMEHTAIbHAS OLLEHKA KOJAMYCCTRA 9JIEKTPOHOB, BBUICTAIOINMUX B
AUOX yCKOPUTENS, MOXET ObiTh NOAyUeHa caeayromuM o6pazom. Tok s1eKT-
POHOB, NPUXOAYIIHAN HA BEIXOXHOM KO/JIEKTOP M u3MepsaeMbii mosicom RC6,
CKJIANBIBACTCS M3 ABYX YacTeH. Bo-nepsrix, 310 4acTh 91K TPOHOB HCXOIHOTO
IIy4Kd, KOTODPLIE CPA3y MPOXOAST YEPE3 BTOPYIO MPOOKY, T.€. HMEIOIINE NOCTE
IIPOXOXAEHHUST YE€PE3 MHUIEHb MHTY-Yroa 6 < 6,, =arcsin 1/MmY2 Bo-

BTOPBIX, 9TO YaCTh 3aXBAYCHHBIX B NPOOKOTPOH 3J7IEKTPOHOB, KOTODHIE M3-3a
paccesnus B MHLUICHH NIONAAal0T B KOHYC noTeps (6 < 6 37) ¥ OKHAAIOT 1poG-

KorpoH. IIpn GonbmoM unciie MPOXOXACHMH Yepe3 MUIIEHb 33XBAUCHHBIX
SJIEKTPOHOB M ONMHAKOBOY BEJTMYMHE MATHUTHOIO NOJIS B IIPOOKAX TOKH 9/16T-
POHOB, BBUICTAIOWAX HA KOJUICKTOP U B AHOJ YCKODHUTE IS, IIPHMEPHO OXHHA~
KoBbl. [ os151 TOKa myuKa, He 3aXBAYEHHOTO B TPOGKOTPOH K Cpasy NMpOUIEILIETD
Ha KOJLIIEKTOP, JICTKO PACCYMTHIBAETCS 1O M3BECTHBIM TOJILIMHE MUIIEHH, IPO-
OOYHOMY OTHOMIEHHIO M ¥ SHEPTHH 3JIEKTPOHOB, CpasuuBas ee ¢ Hu3MeEpeHHOI
BEJIMYMHOM TOKA HA BHIXONHOM KOJUIEKTOP, MOXHO OLCHATD TOK BBIXOASIINX
U3 JIOBYINKH 3aXBAUEHHBIX 3JIEKTPOHOB. Pe3ybTaThi TAKOTO CpaBHEHMS AIS
npobouHoro oTHOmIeHns M=11 npuseneHs Ha puc. 7. BuaHo, uTo M3MepeHHbIe
M DaCyETHBIC 3HAUCHMS JTHX TOKOB XOPOIIO COBNANAIOT MEXAY COOOM H,
CJIEZOBATEJIBHO, IPH MOCTATOUHO 60ABINOM TPOSOYHOM OTHOMICHHH KOTHUEC-
TBO 3JIEKTPOHOB, BREINCTAIOUTHX B AHOJ YCKODHTEIH, BEChbMA HE3HAUMTE/ILHO.
JIns NOBBIICHHS SPKOCTH MCTOYHHKAE TOPMO3HOTO W3IyUYeHud Heoo-
XOAMMO, ONHAKO, MCNIONHL30BATh MUHHMAJIBHO BO3MOXHHE NPOODOYHBIE OTHO-
- IEHMS (U191 yBeNHYEHHS IVTOTHOCTH TOKA MyYKAa HA MALIEHMU) , [Toaromy Oninu
NPOBCACHMI IKCNEPHMEHTDI, B KOTOPHIX MOJIOXEHNE (DONBIH H3MEHSIOCh TaK,

UTO BEJIHYHMHA TIPOOOYHOTO OTHOIIEHHMS] MEHSUIACH 0T M =2 1o M =11. Pesyap-

TATBL SKCOCPUMCHTOB MOKA3BIBAIOT, UTO MpPH BEAHYMHE MPoOOYHOrO OTHO-
mweHust M = 6 pexxum paboTsl AMOAA (IIHTEIBHOCTE UMIY/IbCA M U3MEHEHME
BO BPCMEHH HMIMCOAHCA) HE OTJIMYAIOTCS OT CAyYas, KOrja BMECTO MUIICHH
YCTaHaBAMBAJICS TPAQUTOBIN KOLTEKTOP. [pn MEHBIMX NMPOGOUHBIX OTHO-
LIEHUSIX MMIEAAHC AMO/A, KAK BUAHO M3 puc. 8, majaer 3ameTHO OpicTpee. B
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Puc. 7. [lonst TOKa myuxa, MPOXOAALIEr0 HA KOJUIEKTOD B 3aBHCHMOCTH OT
CPEAHEKBAPATHYHOTO YI/1a PACCEAHM S SAEKTPOHOB NMYYKA B MULICH-
HO# posnbre. TOUKH — pe3yAbTaThl H3MEPEHHUIA, CILIONIHAS JIMHKS -
PacueTHeI KOO(DMUUHEHT IPOXOXKACHHUS NPH OAHOKPATHOM pAcCe-
SHUK B oabre, JHeprus 2aeKTpoHoB nyuka 0.6 MaB.
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Puc. 8. Bnusiane nonoxeHust MUIIEHH Ha pabory amopa yckopurens. Ciaesa
— npobouHoe oTHOmeHUE Hmax/Ht =8, cipasa Hmax/ Ht= 2. Buusy
MOKA3aHO M3MEHEHNE MMIIENAHCA TUONA BO BDEMEHH.
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pesyaprarte npu npobOYHOM OTHOIWIECHMHA M = § ITHTEIBHOCTD UMIYALCA COK-
pawanack B 1.5 pasa, a npu M = 2 — B 2—-3 pasa u BpeMs pabOThl {HONA HE
npespimanao 1 mkc. Takum obpaszom, B HameMm cayuae sd(deKTHBHAS
peaau3auusd pacCMaTPUBAEMON CXEMBI 0KA3aJach BO3MOXHOM mpH mpodou-
HbIX OTHOLICHUSX M > 0.

SAK/ITHOYEHUE

B Hacrosimieit paboTe paccMOTPEHa ¥ SKCIEPUMEHTAIBHO PeaTn30BaHa
IPH MCIOJib30BaHMKM MHKpocekyHaHoro P3II HoBast cxema xoHBepTopa Top-
MO3HOIO M3/Ty4YEHHS C YBEINYCHHBIM BBIXOJOM M3JIYUCHHS B MSITKOU ob1acTu
cniekTpa. OCHOBHBIE PE3YABTATHI COCTOSAT B CCKYIOMICM:

1. Haitnensl ycnosus, mpu KOTOPBIX MPOMCXOAMT NMPAKTHYECKH MOTHOE
MOT/IOMICHHE SJIEKTPOHHOTO My YKa B TOHKOM MUILIeHH. B Hamux skcnepuMeH-
tax g0 909% myuxa mornomanoce B donsre ¢ Tommuuoi 1/20 or skcrpa-
TTOJIMPOBAHHOI JTMHBL IPOOETa 9/1eKTPOHOB ITYUKa.

2. [TokasaHo, YTO PacCCMOTPEHHAS CXeMa 00ECIeUnBALT CYMIECTBEHHOE
YBEJMUEHHE BHIXOAA MATKOTO TOPMO3HOIO M3NYYEHUS B JUANA30HE DHEPrui
10—350 x3B mo cpaBHEHHIO CO CTAHZAPTHBIM KOHBEPTOPOM.

3.Ilpu moraomeHHMM SAEKTPOHHOIO IMYyYKa C JHEProCOACPXKAHHEM

00 xIx B Ti Mumeny TommuHOM |U0 MKM H3MEpEHHAS BEJIMUMHA IKC-
MO3ULMOHHOMN J036I HA PACTOAHHAM 15 CM OT MUILEHH B MATKOM 001aCTH CHek-

Tpa (Menee 50 x3B) cocrasuna 1 xP/umMnynsc. [1pu ucnonssosanuu oG-
pamMoOBO¥ MHIIECHM TOMIMHON 0Koa0 10 MKM B myuka ¢ 3HEprocoAepXaHHEM
180 x[Ix [15] skcno3MUMOHHAS 0033 B 3TOM AMANA30HE COCTABUT
15 kP/umnynsc. _

4. U3MepeHHOE pacnpesesieHie BEX04a TOPMO3HOro H3JYUYEHHMS [0 ce-
YEHHI0 MMIICHM OZHOpoAHO. Pasmep mamyuaromieit 00acTu onpeneasercs
OTHOILLEHHEM BEHUMH MATHUTHOTO OIS HA MHIIIEHH H B Tpobke. MuuuMans-
HBI pasMep H3Jyuawumei obnactu orpaHuyeH nmogsieHueM 3¢ deKTos
BJIMSIHUS OTPa’kKEeHHBIX 9EKTPOHOB Ha paloTy reHeparTopa nyuka.

B zakmioueHue aBTOpHl BRIpaxakT 6narogaprocts B.Y. Uyaaesy u
10.B. Makyxe 3a nmpoBeAeHHE MO3UMETPHUCCKHX HM3MEPEHHH, a4 TAKXE
F0.1. Ieynuny 3a KOHCTPYHPOBAHHE SJIEMEHTOB YCTAHOBKH.,
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