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BeeoeHue 

CoBpeMeuuaH 3KcnepuMeHTanhHaH l}lu3HKa BhiCOKHX 

3HepruH: 6oraTo ocuameua pa3nH'IHhiMH MeTO.!J.aMH TpeKoBoH 

perucTpauuu 'laCTHU. CeH:'Iac, no:lKanyH:, ueB03MO:lKHO yKa-

3aTh TaKOH 3KCnepHMeHTanhHOH 3a.!J.R'IH, KOTOpyro HeBo3-

MO:lKHO 6hinO 6hi 3IPI}JeKTHBHO peUIHTh C llOMOJ.UhiD 3TH X .!I.e

TeKTOpoB. Oco6euuo cunhHWH nporpecc B pa3BHTHH Tpe

KOBOH MeTO.!J.HKH .u.ocTuruyT B nocne.u.uee .u.ecHTHneTue, 

KOr.ll.a 6wnH H306peTeHhl H OCBOeHhl B 3KCnepHMeHTaX 

CTpHMepHWe H HCKpOBWe OllTH'IeCKHe KaMephl H HHTHHhle 

HCKpOBWe H nponopUHOHanhHhle TpeKOBhie CHCTeMhl. Ho 

BMeCTe C TeM o6naCTh 3KCllepHMeHTanhHOH I}JH3HKH HeHT

pHHO llOKa CTOHT OC06HHKOM OT 3TOrO nporpecca. llpH'IH

HOH TOMY HBnHeTCH, KaK H3BeCTHO, HCKniD'IHTenhHaH Ma

nOCTh Ce'leHHH npouecCOB B3aHMO.!J.eHCTBHH HeHTpHHO C Be

J.UeCTBOM, npHBO.li.JIJ.Ua.ll K He06XO.!J.HMOCTH HMeTh B.ll.eTeKTOpe 

6onhUIOe KOnH'IeCTBO BeJ.UeCTBa. ll03TOMY ycnex B pa3-

pa60TKe ra3opa3pH.!J.HhlX TpeKOBWX npa6opOB npaKTH'IeCKH 

He npHHeC HOBhiX OJ.UYTHMhiX B03MO:lKHOCTeH .!J.nH 3KCnepu

MeHTOB C HeHTpHHO. 3Ta o6naCTh I}JH3HKH HBHO HY:lK.!J.aeTCH 

B pa3pa6oTKe CBOero "co6CTBeHHOro" JI.eTeKTOpa, KOTOphiH 

co.u.ep:lKan 6w 6onhrnoe Kona'leCTBO pa6o'lero BemecTBa H 

6wn 6hi cnoco6eH 34xl>eKTHBHO perHCTpHpOBaTh TpeKH BTO

pH'IHWX 'laCTHU, o6pa3yiOJ.UHXCH B HeHTpHHHWX npoueccax. 

lloHCKOBhlM uccne.u.oBaHHJJ.M pa3pa6oTOK cneual}la'lecKH ueH:T

pauuoro .u.eTeKTopa B nocne.u.uae ro.u.hl y.u.enJJ.noch .u.ocTa

TO'IHO BHHMaHHJJ. I 1-:l/, o.u.uaKo pernaTenhuoro ycnexa .u.ocTH'lh 

ue y.u.anoch. TaK, nyTh, Ha'laThlH B 1968 ro.u.y rpynnoH: 
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Arrhnapeu.a I 2/ no nccrre)],oBaHHIO )],eTeKTopa co cnoiicTnaMII 

pa3MHO)KeHHH 3JieKTpOHOB HOHJBaU.HH D O.D;HOa TOMHbiX )!(H)],

KHX cpe,n;ax no,n; )],CHCTBKCM CHJibHO HCO.D;HOpO.LJ;HOrO noJIH, 

He npHBCJI K )KCJiaeMOM U.CJIH. 3KcnepHMCHTaTOpbl .D;06HJIIICb 

CaM OrO 34J<IJeKTa pa3MH0)KCHHH 3JieKTpOHOB B )I(H,ll;KOM cpe.D,e, 

O.D;HaKO HHTCHCHBHOCTb npou.ecca OKa3aJiaCb BeCbMa CJia6oH 

H ,n;arreKO He J],OCTaTO'lHOH .D;JIH peaJIH3aU.HH pafioqero .D;CTCK

Topa. B HeCKOJihKO HHOM nJiaHC fihiJIH CJ],CJiaHbl nonhiTKH 

IJa3pafiOTKH HHTHHOrO J],CTCKTopa B rpynne ,I1.orrroweuual31 , 

r)J,e IICCJie.D;OBaJICH 3tPtPCKT HH)KCKU.HH nepBH'lHhiX 3JICKTpOHOB 

HOHH3aU.HH H3 )Kif,ll;KOCTH B napOBYIO 4Ja3y H TIOCJie,n;yiOI.llee 

pa3MHO)KeHHe 3THX 3JICKTpOHOB B 3JieKTpH'leCKOM noJIC HU

TeH. AnTopaM h/ y.L(anoch .D.06HThCH ycTOHY:HBOH pa6oTbi 

TaKOrO .D;eTeKTOpa npH OfiJiy<IeHHH y- KBaHTaMH H 3apH)I(CH

HhiMH l.J.aCTHIJ.aMH, OJ],HaKO PH.D. TeXHHl.J.CCKHX nplll.J.HH npuu

QHnHaJihHOrO xapaKTepa He n03BOJIHJI HM B KOHCY:HOM cy:e

Te C03,lJ,aTb pa60l.J.HH npH6op. 

B HaCTOHI.liCH CTaTbe anaJIH3HpyeTCH HOBhlH no)J,XOJJ, 

K pa3pa6oTKe ueiiTpHHHoro )J,eTeKTopa. 0Tnpamwn IJ.D.een 

)J,JIH nero nOCJIY)KHJIH pe3yJihTaThl HCCJie)J,OBaHHH lllapna

Ka B 1963 ro.D.y I 41 no perucTpau.uu crre.D.OB l.J.aCTHIJ. B )KH.L(KOH 

cpe,n;e, HaChlll\CHHOH ra30BhiMH ny 3hlpbKaMII. llpu6op lliap

naKa npeJ],CTaBJIHJI C060H COCY.D. C npo3pal.J.HhiMH CTeHKaMH, 

3anOJIHeHHhiH Tpauc4JopMa TOpHhiM HJIH napa4JHHOBhiM MaC

JIOM. 4epe3 KepaMHl.J.eCKOe nopHCTOe .D;HO COCy)J,a B )I(HJ],

KOCTh nenpepbiBHO reuepuponarruch ra30Bble ny3wphKH H3 

HeOHa, aprona HJIH I'CJIHH. fly3hlpbKH HMeJIH J],HaMeTp OKOJIO 

2 MM H cpaBHHTCJihHO fihiCTpO BCTIJihiBaJIH l.J.Cpe3 BCIO 

TOJII.liHHy crroH )I(HJ],KOCTH. B cocy)J,e pa3MemarrHCh .D.Ba nep

THKaJihHhiX BbiCOKOBOJihTHbiX 3JieKTpO.D,a, OJ],HH H3 KOTOpbiX 

6biJI BhiTIOJIHeH H3 npo3paY:HOK MeTaJIJIHY:eCKOH CCTKH H 

Y:epe3 nero nerroch na6rrw.D.euue 3a TpeKaMH. ITo.n; .n;encT

BHeM BhiCOKOBOJlhTHOrO 3JieKTpHY:CCKOrO nOJIH B ra30Bh!X 

ny3hiphKaX, nepeceKaCMhiX 4aCTHU.aMH, B03HHKaJIO pa3pHJ],

HOC CBCl.J.eHHC, KOTOpOe JICrKO HafiJIIOJ],aJIOCh BH3yaJihHO 

u 4JoTorpa¢uponarroch. B 3THX uccrre.D.oBaHHHX 6Mrro ycTa

HoBrreuo, Y:TO CBC4CHHC B ny3hipbKaX no cne,n;y l.J.aCTHIJ. 

MO)KCT 34J4JeKTHBHO B03HHKaTh npH CaMhiX pa.3H006pa3HhiX 

pe.>KHMaX BhiCOKOBOJihTH010 nHTaHHH: HMnyJihCHOM, BhiCO

KOY:aCTOTHOM, HH3KOY:aCTOTHOM H TIOCTOHHHOM none. Cne

THMOCTb ny3hiphKOB fihiJia Bb!COKOH, O)],HaKO rrryfiHHa BH-
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.D;HMOCTH TpeKOB H3-3a CHJihHOrO pacceHHHH CBeTa Ha ra-

30BhiX ny3hlphKaX fihiJia qpe3Bhil.J.aHHO Marra H He npeBhiiiiaJia 

HeCKOJihKHX MHJIJIHMCTpOB. llo TOR )Ke npHl.J.HHC TpeKH HMeJIH 

CHJihHOe .D.H¢4JY3HOe OnTHl.J.CCKOe pa3MhiTHe. 3TH .D;Ba npHH

U.HnHaJILHO HCYCTpaHHMLIX HC.D;OCTaTKa, npHCYIIJ.HX reTepo

reHHhiM CHCTeMaM, CBeJIH Ha HeT B03MO)KHOCTh npaKTH

l.J.eCKOH peaJIH3aiJ.HH OllTHl.J.eCKOrO TpeKOBOrO rO.D;OCKOna. 

Ceiiqac npe,n;cTaBJIHeTcH, l.J.TO yKa3aHHhle He)],ocTaTKH 

J],eTeKTOpa MO)KHO nOJIHOCThiO ofiOHTH, eCJIH B npHHU.Hne 

OTKa3aTLCH OT onTHl.J.eCKOrO cnoco6a CbeMa TpeKOBOH HH-

4JopMaU.HH H nepeHTH K MeTO.D;Y c6opa 3ap~OB Ha KOOpJ],HHaT

HLIC HHTH Cl.J.HTLIBaHHH, KaK 3TO Ofihll.J.HO ,n;erraeTCH B HHTH

HLIX HCKpOBhiX H nponopU.HOHaJihHhiX KaMepax. 3.L(eCh OT

KpbiBaiOTCH J],Be HHTepeCHbie B03MO)KHOCTH TpeKOBOH pe

rucTpau.HH qacTHIJ.. Bo-nepBbiX, 3apH)1.hi, o6pa3YIOI.liHeCH B 

ra30BhiX ny3hlpbKaX no CJie,n;y l.J.aCTHIJ.hl H .D;OnOJIHHTeJibHO 

pa3MHO)KeHHbiC no,n; ,n;eHCTBHCM BbiCOKOBOJibTHOrO nOJIH, 

6y.L(yT nO.D;HHMaThCH B )I(H,ll;KOCTH BMeCTe C ny3blpbKaMH 

npH HX BCnJibiBaHHH .D;O MeCTa pacnOJIO)KeHH.H HHTHHbiX 

3JieKTpOJ],OB Cl.J.HTbiBaHHH H B MOMeHT nepecel.J.eHHH nOCJie,n;

HHX <IJopMHpOBaTb noJie3Hhle CHrHaJibl. B HaHnpOCTeHIIIeM 

aapHaHTe TaKOH ,n;eTeKTOp MOr 6hi 6biTb BhlnOJIHeH, HanpH

Mep, crre.D.YIOIIJ.HM o6pa3oM. IIoMHMO .n;ayx BhiCOKOBOJILTHhiX 

BepTHKaJibHbiX HJIH ropH30HTaJibHhiX 3JieKTpO.D;OB B npH

noBepXHOCTHOM CJIOe )KH,ll;KOCTH yCTaHaBJIHBaeTCH .D;OnOJI

HHTeJibHaJI XY-HHTHHa.H cHcTeMa Cl.J.HThiBaHH.H. BhlcoKo

BOJibTHLie 3JieKTpO.D;hl B TaKOM npu6ope 6y,n;yT OCyiiJ.eCTBJI.HTb 

3JieKTpHl.J.eCKHH pa3pH.D; B ny3LipbKaX no CJie,n;y l.J.aCTHU., a 

CHCTeMa Cl.J.HThiBaHHJI - c6op 3apJI.D;OB B 3THX ny3hlphKaX 

H Bhi.D;al.J.y Heo6XO.D;HMOH HH<iJOpMaU.HH 0 KOOp.D;HHaTaX TpCKOB. 

IIpHl.J.eM Koop,n;HHaTbi B nrrocKOCTH XY 6y,n;yT crre.n;oBaTb 

Henocpe.D;CTBCHHO H3 reoMeTpHH pacnOJIO)KeHHH HHTHHbiX 

3JieMCHTOB B CHCTeMe Cl.J.HThiBaHHJI, a rrry6HHHa.H KOOp.D;H

Ha Ta - H3 OTHOCHTeJILHOrO BpeMeHH 3ana3.D;hiBaHHH npHXO.D;a 

ny3hiPhKOB ua HHTH. Coxpaueuue reoMeTpHH TpeKOBOH Kap

THHhi npH "TpaHcnopTHpOBKe" ee B BH.D;e HOHH30BaHHhiX 

ny3hlpLKOB H3 rrry6HHhl )I(H,ll;KOCTH K CHCTeMe Cl.J.HThiBaHHJI 

MO)KHO o6ecnel.J.HTh 3a Cl.J.eT CTpOrOH KaJIH6pOBKH ny3blpbKOB 

no .D;HaMeTpy, npH KOTOpOM CKOpOCTh HX BCnJIWBaHHJI 6y,n;eT 

O.D;HHaKOBOH .D;Jl.H BCeX. 
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BTopaH B03MOZHOCTh 38KJIID48CTCH R TOM, 4TO pa3M

Ho:JKCHHhiC 38p1I,JJ.hl BhiTJITHB8lOTCJi 3JICKTPH'ICCKHM noneM 

H3 raJoB~x ny3~PhKOB n *H.JJ.KOCTh H 3aTeM co6nparoTCH 

Ha HHTH C'lHThiBaHHR. B 3TOM BapuanTe, KBK BH,JJ.HM, 38pR,JJ.'l>I 

nepeHOCRTC11 C MCCTa B03HHKHOBCHH11 K HHT1IM C'lHThiBa

HH11 He Ja C'leT ,JJ.BHZCHH.ff. B TIY3hlphK8X, a IIYTCM _upeiitila 

B 3JICKTpH'lCCKOM ncine. fl03TOMY HUT KHbiC 31ICK rpO,JJ.hl C'lHTh!

B8HH11 MOryT pa3MCU~aThCH B )!(H,JJ.KOCTH KaK BepTHKaJihHO, 

T8K H ropH30HTaJibHO. )l;JI.!I O,JJ.H08TOMHhiX :>KH,JJ.KOCTCH, 06Jia

,JJ.aK•IlHIX llO)J.BH:>KHOCTbiO 3JlCKTpOHOB, 3TOT Bapuawr HHTepe

CCH ClllC H B TOM OTHOlllCHHH, 'ITO 3JJC_I(Tp0Hbl HOHH38li,HH 

npH CBOCM ,JJ.BH:>KCHHH B 3J1CKTpH'lCCKOM TIOJH~ MC:JK,IJ,y 3JlCKT

pO,L\8MH MOryT MHOrOKpaTHO IIOII<l.[\8TL H3 :>KH,[l,KOH CpC.[(bl 

B raJOBhiC HY3hlpbi<H, pa3MH0)1(8ThC.II H HHX H 38TeM BHOBh 

BhiXO.[\HTb B :lKH)J.KOCTb H C06Hp8ThC:il Ha HHTRX. C.JIOH nara·· 

3HpOBaHHOH )I(H,JJ.KOCTH MC)I()l.y 3JICKTpO)l.aMH B 3TOM CJiy'lae 

6y,JJ.yT t!TpaTb p01Ib 3JieKTpOHHhJX yCHJ1HTCJ1hHhiX 3JICMCHTOB. 

Ka•A~H OT,JJ.eJibHWH ra3onwA ny3wpeK MO:>KHO paccMaTpn

aaTb Kai< 31ICMCHTapHhlH ,JJ.HHO . .'l,, pa3MH0){{810U.Uif.i 3J1f~KTpo·· 

Hbl. flO.JJHblH K03lPlPHU.HCHT pa3MHO)I(CHHM 3JlCKTpOHOB H T8KOM 

CBOeo6pa3HOM YCHJlHTCJie MO:>KCT peryJIHpOBaTbC.R BeJtH4HHOH 

BHClliHCI~O 3JICKTpH4CCKOf'O HOJI.II, CDCT8BOM J'aJa B nyJhiPh" 

KaX, HX pa3MCpOM, KOHl.l,CHTpaJJ,HCH H BCifH'lifHOH MC)I(3.'1CKT" 

po,JJ.n~x npoMe)l(yTKOB. XapaKTepuoe apeMH pa3MHO)I(CHHH 

3JICKTpOHOB H c6opa ua HHTH 6y,JJ.CT onpC,Ll,CJUI.ThCJI B OCHOB

HOM .BpeMeHeM HX ,JJ.peaciJa H MC:>K3J!CKTpO,JJ.HOM npOMC:lKYTKC. 

TaK, npH 3a3ope D 1 CM H CKOpOCTH ,Ll,peH:dJa 3.'ICKTpOHO:U 

--106 
CM/C 3TO BpCM:il COCTaBHT -- 1 MKC. 

HH:>Ke H3naraiOTC.II HCKOTOpblC OC06CHHOCTH pa60Tbl npe)J.

naraeMOl'O ,JJ.CTCKTOpa H paC4CTHhle .IJ.aHHhlC ero xapaK

TCpHCTHK. 

reHepupoeaHUe 2Q30BbiX ny3biPbK08, 
KQ/lU6poeaHHbiX no OUaMempy 

KaK H B ,JJ.CTCKTOpe lllapnaKa/4/, 3JICMCHTOM ,JJ.JIM HHTCH

CHBHOrO renepHpOBaHHH ra30B~X ny3hlphKOB B )I(H,JJ.KOCTH 

MO)I(CT CJIY)I(HTh llJIOCKOC ,JJ.HO COCy,JJ.a, BblnOJIHCHHOC H3 

nopHcToro MaTepuana, nanpuMep, nopHcToii KepaMHKH, mu-
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poKO HCllOJih3YCMOH B XHMH'ICCKOH npOMbiiiiJieHHOCTH, HJIH 

cneKwerocn rpaHynMpoaaunoro MeTanna. ,l];nn nony'-Ienun 

ny3LJ:phKOB C XOpoweil O,JJ.HOpO,JJ.HOCThlO IIO ,JJ.HaMeTpy ,JJ.OCTa

TO'lHO C03,JJ.aTL B nopHCTOH HJI8CTHHe YJILTpaJBYKOBhiC KOJIC-

6anHJL CoorseTCTBYIOH.\llM no.u6opoM aMnnHTY.Il.hl H qacTOThi 

Kone6anHH ynhTpa3ByKo:eoro H3Jiy'laTenH npH 3a,JJ.aHHOM 

,JJ.aBJICHHH llO,JJ.BO,JJ.HMOrO raJa MO:>KHO nonylfHTh Heo6XO,JJ.HMYIO 

I<aJIH6poBKY ny3LIPLKOB. CymecTBYIOl!l,He 3KcnepnMeHTanh

Hble ,JJ.8HHbiC B 3TOll o6naCTH CBH)J.CTCJILCTBYIOT 0 TOM, 'HO 

npH qacTon:; Kone6anHii: -10 KFL# raJOBhie ny3hlpbKH, re

Hep«pyeMMe, HanpnMep, B BO,JJ.C, HMCIOT pa3Mep < 1 MM H 

pa36poc B HCCKOJihKO npOUCHTOB OT BCJIH'IHH~ ,JJ.HaMeTpa. 

TaKue ny3hiPLKH B cna6o-BH3KHX )f{lf,JJ.KOCTHX acnJILIBaiOT 

CO CKOpOCThlO -·15 CM/C II HMCIOT cpe,JJ.HCKBa,JJ.paTH'lHOe 

OTKJIOHCHfW OT Bepnn<aJIH BCllJihlTHfl. -0,2 MM Ha MCTp 

BhiCOTM IIO.IJ.'l·eMa. O•ieBH.IJ.HO, 3Ta aeJIH'Uma 6y,JJ.eT xapaKTe

pH30B8Tb npOCTpaHCTBeHHOe pa3MhlTHC TpeKa B llJIOCKOCTH 

CHCTeMh! C'HHLlDaHUJI npH llO,JJ.bCMC llY3h!pbKOB Ha O,JJ.HH MeTp. 

Kont{eHTpau.HJI nyJhiphi<OB D . x<:H.JJ.KOCTII MO:>~<eT 6hiTh 

paBHOH BCJIH'IHHC, 38HHMaiDillei llOllOBHHY pa6oqero 06beMa 

cocy.IJ.a. Opu .IJ.HaMeTpe IIY3blphKOB -1 MM HX I<OHU.eHTpaunfl. 

COC l8BHT - 2.10·1 CM -:I, 3TO 6y,JJ.eT COOTBCTCTBOBaTh OTHO

lliCHIHO IIJIOTHOCTH BCli.~CCTBa raJa K ~YMM!fHOH HJIOTHOCTH 

pa6o'iero BemecTBa n ro.nocKone - 2.10 ·, T .e. ocnoany10 

'I8.CTh l1JIOTHOCTH Bell.\CCTBa B npH60pe 6y,neT COCTaDJIHTL 

)KHJU<an cpe.u.a. 

BepoHTHOe '!Hcno HOHHJyeMhiX ny3biPLKOB na nyTH qac

TlHI.bl npH yKa3aHHOH KOllli,CHTp~U!HH ,IJ,OJDKHO 6biTh --10 CM-I • 

CxeMa pa3MeUJeMuJS :JAeKmpoooe 

PaccMoTpHM aapHaHTbi ucnonnenun TpeKoaoro ro.uo

cKona B COOTBCTCTBHH C .JJ.BYM.II llpHHI.I,HnaMH nepeHOCa 3ap.II

,JJ.OB K HHT JIM C'lHThiBaHH.R - MeTO,JJ.OM TpaHCflOpTHpOBKH B ny-

3~pbKax u MeTO.JJ.OM .upeiiljla B :JneKTpH'lecKoM none. CncTe

Ma 3JieKTpO,ll.OB B .IJ.CTCKTOpe, pa60TaiOII.I,CM no nepBOMY 

npHHI.I,Hfly, ,JJ.OJI:>KHa COCTOJITb H3 .JJ.BYX THllOB: B~COKOBOJibT

H~X 3JICKTpO,JJ.OB H 3JieKTpO,JJ.OB C'lHThiBaHHH. flepBhiC MOryT 

paJMCillaThCR B ,JJ.eTeKTOpe BCPTHKaJlhHO H 6~Tb B~nOJIHCH

HhiMH HJ CflJIOIIIHhiX MCTaJIJIH'lCCKHX nnaCTHH HJIH npOBO,JJ.JJ:-

7 



~HX CeTOK. 3neKTpO,Ll,HaH CHCTeMa C'IHTbiBaHHH B 3TOM 

aapuaHTe .D.OIT~Ha pacnonaraThCH B o6beMe *H.D.KOCTH na

pannenhHO ee nOBepXHOCTH Ha,Ll, BWCOKOBOIThTHWMH 3J1eKT

pO,Ll,aMH. Bo3Mo~eH TaK~e u 'IHCTO ropH30HTanhHhiH aa

puaHT pa3Me~eHHH acex 3ITeKTPO.D.OB. BhiCOKOBOIThTHhie 

3J1eKTpO,Ll,hl B 3TOM cnyqae ,Ll,OIT~HW 6WTh BhlllOITHeHW H3 

MeTannuqecKHX ceTOK c 6onhWHM waroM, HaMHoro npe

BhiWaiO~HM pa3Mep ny3WphKOB. Ha,Ll, Ka~,Ll,WM BWCOKOBOIThT

HhiM 3J1eKTpO,Ll,OM HITH HX rpynnoH ycTaHaBITHBaeTCH HHTHHaH 

XY - cucTeMa C'IHThiBaHHH. 0KOH'Ia TenhHhiH Bhi6op KOHKpeT

HOH cxeMw pa3MeweHHH 3ITeKTPO.D.OB B .D.eTeKTope .D.On~eH 

onHpaTbCH, ecTeCTBeHHO, Ha 3KCnepHMeHTaJ1bHWe ,l],aHHWe. 

0.D.HaKo no PH.D.Y coo6pa~eHHH npe,Ll,cTaanxeTcx, 'ITO ropu-

30HTanLHoe paCnOITO*eHHe BCeX 3ITeKTpO,Ll,OB HBITHeTCH 6o

nee npaKTH'IHhiM. 

B ,lJ,eTeKTope, pa6oTaromeM no npuHu.uny ,Ll,peudJoaoro 

nepeHOCa 3apH,Ll,OB B 3J1eKTpH'IeCKOM none, 3ITeKTpO,Ll,h1 B 

~H,Ll,KOCTH MOryT pa3MewaTbCH npOH3BOJ1hHO, T.e. KaK ro

pH30HTaiTbHO, TaK u aepTHKanhHO. MeTO.D.hi perucTpau.uu 

3apx,Ll,OB B cne,Ll,ax qacTHU., xopowo pa3pa6oTaHHhie K Ha

cTox~eMy BpeMeHH ,Ll,ITH HHTHHhiX ra30BhiX ,lJ,eTeKTOpOB, MO

ryT 6LITh aceu.eno pacnpocTpaHeHhi Ha ,lJ,aHHhiH aapuaHT 

rO,Ll,OCKOna. 

KAacc JICUOKocmeil u za3oe, 
npuzoOHbiX OA.R ucnoAb30eaHu.R e zooocKone 

0)J.HHM H3 CBOHCTB, KOTOphiM ,Ll,OIT~Hhl o6na,lJ,aTh ~H,Ll,
KOCTH, HBITHeTCH HX BhiCOKaH ,Ll,H3J1eKTpH'IeCKaH npO'IHOCl h. 

B cnyqae MHoroaTOMHhiX ~H.D.KOCTeH Heo6xo.D.HMO Y.D.OBneT

aopHTh e~e .D.BYM Tpe6oBaHHHM. )Ku,Ll,KOCTH ,Ll,OIT~Hhl o6na

,l],aTb HH3KOH ynpyrocThiO co6cTBeHHoro napa u cna6ou 

3J1eKTpOOTpHU.aTeJ1hHOCThlO MOITeKyn K 3aXBaTy 3ITeKTpOHOB. 

BwnonHeHHe nepaoro H3 3THX Tpe6oaaHHH .D.HKTyeTcx He

o6xo,lJ,HMOCThiO ycTpaHeHHH MeXaHH3Ma CHIThHOrO raWeHHH 

3neKTpuqecKoro pa3px,Ll,a B ny3WphKax. Cna6ax ~e 3neKT

pooTpuu.aTenhHOCTh MOITeKyiT ~H,Ll,KOCTH HITH nOITHOe OTCyT

CTBHe B HHX 3$$eKTa 3aXBaTa 3ITeKTpOHOB Tpe6yeTCH ,Ll,ITX 

COXpaHeHHH B ny3WpbKaX B CB060)J.HOM COCTOHHHH Ha'lanh

HhiX 3ITeKTpOHOB HOHH3aU.HH H, COOTBeTCTBeHHO, ,Ll,ITH o6ner-
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tfeHHH ycrrOBJfH HHHU.HHpOBaHHH pa3p.H)J,a. HCKITIO'IeHife MO

)l(eT COCTaBHTb ITHWh CJiy'laH, KOr,l],a D03HHKHeT He06XO,lJ,K

MOCTh B COXpaHeHHH Ha'laJILUhiX H pa3MHO~eHHhlX 3apJ!,lJ,OB 

D ny3hlphKaX B BH,Ll,C llOHOB ,Ll,ITH 3$$eKTHBHOi TpaHCllOpTH

f'OBICR HX K HHTHM C'IHThiBaHHH. 

B Ka'ICCTne pa6oqux ra30B MoryT 6wTh Kcnonb3o

nani..I ICaK 'IHCTI..IC ra3I..I, Tal< H CMCCII, 06hl'IHO Iip!IMCH.HC

MI..IC B llCI<pOBI.>IX H IIpOUOpiJ;HOHaJihHI..IX KaMepax. I1pHBC)J,CM 

l'CCKOIThKO npHMepon KOM6HHaU.KH ~ll,lJ,KOCTCH li ra30B, 

TIO,lJ,XO)J.HUUfX )J,ITM IIpHMCHCHHJI B l'O,Ll,OCKOIIC. flpll KO.MHa 'I Hhi.X 

TCM.ncpaTypax B Ka'lecTne ~H)J,KHX cpe)J, MoryT Ghl'fL uc

nonL30DaHI..I 1panc$opMaTopHoe Macno, naKyyMnoc Macno, 

rnnu;epnn, napaqJHuonoe Macno, rcKcan u JJ.pyrue opraim

Y:CCKHe )I{H)J,KOCTH. Pa6o'IHMII ra3aMH JJ.ITH clJopMuponann.H 

DY3hlphKOD B HIIX MOryT 6hiTh apron, HCOH, I~CCHOH, rCJlllll, 

BO.IJ.OPO.IJ., MCTaH If HX CMCCU. ilpH HC06XO)J.IIMOCTII D I~aY:CC'r

BC 3J1CKTpOOTpHu;aTCllhHI..IX )J,06aBOK K 3TllM ra3aM MO)I{CT 

6h!Th ucrronL3onan, uanpnMep, ra3oo6pa3HLIH $peou. ilpn 

HH3KHX TCMITCpa Typax B03MO)I{Hhl CJIC.IJ.YIOWIIC I~OM6IInau;nn 

)I{II,lJ,KOCTeH H ra30B. TaK, ll )I{Il,I..(I<OM KCCHOHC .MO~HO rene

pnpoBaTh ny3hiphi<H H3 aproHa, neona, rcnnn:, no,lJ,opo.n.a n 

r..~:eTaua; B )I(H)J,KOM aproue - ny3I..IPhKH ueoua, renn.11 u no

.Il.OPOAa H, HaKOHCU., B )I{H)J.KOM DO,lJ,OpO)J.C - 11Y3LiphKH renn.H. 

,lJ.JUI rO)J,OCKOIIH'ICCKOrO )J,CTCKTOpa HC60JILWOrO pa3MCpa 

CYWCCTByeT ewe B03MO~HOCTh HCITOJ1b30Ba1IIIH B )l{ll,lJ,KOCTll 

rry3LIPbKOB raJa Toro )l{e Tnna, 'ITO n caMa ~H)J,KOCTh. TaK, 

CCJlll K )I{Il,lJ,KOMY aproHy llO)J,BCCTll ra3 TOrO ~e HaHMCHODa

HH.II C TCMI1CpaTypoH, HCCKOJlhKO BI..IWC TCMITepaTyphl ~H,Ll,

ICOCTII, TO llY3I..IphKH BO BpCMH BCIIJlhiBaHHH HC 6Y.IJ.Y'f ycne

BaTh TepMaJTH30BaThCH n nonHOCThiO KonnancnpoaaTh. O,lJ,

naKo ,lJ,JlH HOpMaJlhHOH pa60TW TaKOrO )J.CTCKTOpa IIOTpe6y

CTCH XOpOWaH CHCTCMa TepMOCTaTllpOBaHllH ~H,lJ,KOCTH BO 

BCCM 06beMe. 

3,lJ,CCh YMCCTHO OTMeTHTh, 'ITO B 06bCMC O,l],HOaTOMHhiX 

~ll,Ll,KOCTCH H )I{H)J,KOM BO,Ll,OpO)J,C rryTeM o6ny'ICHHH ynhTpa-

3BYKOM MO)I{HO HCllpCphlBHO renepHpOBaTh KaBHTaiJ.HOHHI..IC 

ra30Bbie nonocTH H B nnx ocymecTBJTHTh pa3MHo~enne 

3neKTponoa. KaBHTHpyromue cnon ~H)J,KOCTH Me)I()J.y 3ITeKT

po)J,aMH B 3TOM CJiy'laC 6y)J,yT BWIIOJlHHTb pOJih 3JlCKTpOH

HbiX pa3MHO~HTCJlCH. 
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PeJKUMbl ewcoKoeoA&mHozo numaHUJI 

O~uo~ H3 npuMeqaTanbHhlX oco6euuocTe~ pa6oTw ny-

3bipbKOBoro ~eTeKTOpa BBnBeTCB ero BCepe)I(HMHOCTb, T .e. 

cnoco6HOCTb pa6oTaTb KaK B nepeMeHHhlX, B qaCTHOCTH, 

HMnynbCHhlX H BhlCOKOttaCTOTHhlX, TaK H B nOCTOBHHhlX 

nonxx. Bo Bcex 3THX cnyqaxx, KaK cne~yeT H3 pa6oTbi /
4

/ , 

MO)I(eT npOHCXO~HTb HHTeHCHBHOe pa3MHO)I(eHHe 3neKTPOHOB 

B ny3bipbKaX. IlpH HMnynbCHOM BapHaHTe nHTaHHB ~eTeKTOp 

MO)I(eT pa6oTaTb B pe)I(HMe ceneKTHBHoro ynpaaneuu». B 

TaKoM npu6ope c noMOI.I..\biO oqui.I..\aiO~ero 3neKTpuqecKoro 

non» MO)I(HO B IllHpOKHX npe~enax ynpaBnJITb BpeMeHeM 

naMJITH, y6upaJI 3neKTpOHbl HOHH3al.I,HH H3 06'beMa ny3blpb

KOB Ha HX CTeHKH. B cuny ManoCTH pa3Mepa ny3blpbKOB 

apeMH naMJITH MO)I(HO COKpaTHTb ~0 aenuqHHbl <<} MKC. 
IlpH pa6oTe C O~HOaTOMHbiMH )I(H~KOCTJIMH B pe)I(HMe 

ceneKTHBHOrO ynpaBneHHB pa3MHO)I(eHHeM 3neKTpOHOB B ny-

3blpbKaX, nocne ~e~CTBHJI OCHOBHOrO BbiCOKOBOnbTHOrO HM

nynbca noTpe6yeTCB uano)l(eHHe ~ononHHTenbuoro HMnynbca 

MeHbrne~ aMnnHTY~bi ~nB o6ecneqenHB 6biCTporo ~pe~<Pa 
pa3MHO)I(eHHbiX 3neKTpOHOB K HHTJIM cqHTbiBaHHJI. 

Pe>KHM DHTaHHH DOCTOJIHHbiM HnH Me~neHHO MeHJII0-

1.1..\HMCJI noneM /nanpuMep, c qacToTo~ 50 Fl.#/ o6ecnequT 

npu6opy uenpepbiBHYIO qyBCTBHTenbHOCTb K qaCTHl.l,aM. 3TO 

CBO~CTBO ~eTeKTOpa 6y~eT OC06eHHO l.l,eHHhlM ~nH perHCT

pal.I,HH He~TpanbHO~ KOMnOHeHTbl KOCMHqecKOrO H3nyqeHHH, 

B TOM qucne He~TpHHO. Jinaro~ap» XOpOillHM 3lleKTpOH30llJI

l.I,HOHHbiM CBO~CTBaM )I(H~KOCTH npu6op 6y~eT o6na~aTb 
BhlCOKO~ 3lleKTpHqeCKO~ npoquoCTbiO. 3TO 06CTOBTellbCTBO 

o3uaqaeT, qTo B TaKoM npu6ope MO>KHO 6y~eT nonyqaTb 

6onbill0~ K03<l><l>HU.HeHT KOHTpOnHpyeMOrO /B qacTHOCTH, npo

nopl.I,HOHanbHOrO/ pa3MHO)I(eHH11 3neKTpOHOB B ny3UpbKaX, 

He pHCKYB Bhl3BaTb CnOHTaHHOrO 3lleKTpuqecKOrO npo60JI 

B 06'beMe )I(H~KOCTH. 

MbiCnHM TaK)I(e KOM6HHHpOBaHHbiB HMnynbCHO- BbiCOKO

qacTOTHhlB pe)I(HM nHTaHHJI, npH KOTOpOM ynpaBnBeMbiM 

uMnynbcoM ocyi.I..\eCTBn.lleTC.Il HOHH3aU.HJl ny3blpbKOB no cne~y 

ttaCTHU., a nocne,IJ.yiOI.I..\HM Hano)l(eHHeM BbiCOI<OqaCTOTHOrO 

nonB ManoR aMnnHTY.Il.bl ~OCTHraeTCJl no.D..IJ.ep)l(aHHe 3TOB 

HOHH3al.I,HH B TetteHHe BCero BpeMeHH ,IJ.BH)I(eHHJl ny3blpbKOB 

.IJ.O 3neMeHTOB CtiBTbiBaHHJI. 
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HHTBHbie 3neKTpO,IJ.bl Ct{HTbiBaHHH MOryT pa60TaTb, B 

CBOIO oqepe~b, B .D.BYX pe)I(HMaX: naCCHBHOM, OCyi.I..\eCTBnHH 

nHWb c6op 3apx.IJ.OB B ny3blpbKax, u aKTHBHOM, npoH3BO.D.H 

,IJ.OnOnHHTenbHOe HX pa3MHO)I(eHHe. Ilocne,IJ.Hee MO)I(eT OI<a-

3aTbCB BeCbMa none3HbiM B Tex cnyqa11x, Kor,IJ.a nepauttuble 

3nei<TpOHbl HOHH3al.I,HH B ny3blpbKaX MOryT coxpaHHTbCH 

B TetteHHe BCero BpeMeHH ,IJ.BH)I(eHHB ny3blpbKOB ,IJ.O 3neKT

pO,IJ.OB CtiHTbiBaHHB, r,IJ.e OHH MOryT pa3MHO)I(HTbC11 B 3neKT

putteCKOM none HHTeii:. Ilpa nponopu.aouanbHOM pe)I(HMe 

pa3MHO)I(eHH11 nOBBHTCB ,IJ.OnOnHHTenbHaB HH$OpMal.I,H11 06 

HOHH3au.aouuwx noTepBx B cne,IJ.ax qacTHU.. CoxpauBeMoCTb 

3nei<TpOHOB B ny3blpbi<aX MO)I(eT 6b1Tb ,IJ.OCTHrHyTa 3a CtteT 

npHMeHeHHH B HHX nOBbiWeHHOrO ,IJ.aBneHHB ra3a, nu6o nyTeM 

HCnOnb30BaHH11 B036y)I(,IJ.eHHhlX MeTaCTa6HnbHbiX COCTOBHHB 

aTOMOB ra3a. K auanoruquoMy 3$$eKTY MO)I(eT npaaecTH 

TaK)I(e ue6onbWaB ,IJ.06aBI<a I< ra3y 3neKTpOOTpHl.l,aTenbHOB 

MoneKynBpuoii: npuMeca c Manoii: 3Heprue~ CBB3H 3neKT

pouoa. IlpH nona,IJ.aHHH TaKHX OTpHl.l,aTenbHbiX HOHOB B CHnb

HOe none HHTeii: npOH30B,IJ.eT CpbiB 3axaaqeHHbiX 3neKTPOHOB 

H ux pa3MHO)I(euae. OTpbiB 3neKTpouoa oT oTpau.aTenbHbiX 

HOHOB B nnoCKOCTH CtiHTbiBaHHB MO)I(eT 6biTb ,IJ.OCTHrHyT 

TaKiKe 3a cqeT $oTo3<l><PeKTa npu o6nyqeuuu ny3blpbKOB 

na3epHbiM CBeTOM C nO,IJ.XO,IJ.B~e~ ,IJ.nHHOB BOnHbl. 

3~eCb yMeCTHO OTMeTHTb, qTo B Ka)l(~bl~ MOMeHT Bpe

MeHH HHTH 3neKTpO,D.OB cqHTbiBaHHH 6y,IJ.yT OKpy)l(eHhl 6onb

WHM qacnOM BCnnbiBaiOI.I..\HX ny3blpbKOB. Il03TOMY B O~HO

aTOMHhlX )I(H,II.KOCTBX B CHnbHbiX 3neKTpaqeCKHX nonBX MO)I(HO 

OCy~eCTBHTb ,IJ.OnonHHTenbHYIO HH)I(eKl.I,HIO 3neKTpOHOB HOHH-

3al.I,HH H3 cne~OB qaCTHU. B )I(H,II.KOCTH B 3TH ny3hlpbKH H 

npoH3BeCTH ux pa3MHO)I(euue /a .D.yxe H.D.eH I :;j I. 
Yron uaKnoua TpeKa K nnocKOCTH ypoBHB )I(H~KOCTH 

MO)I(eT 6biTb onpe,D.eneu, KaK OTMeqanocb Bblrne, no OTHO

CHTenbHOMY BpeMeHH 3ana3~biBaHHH nO,IJ.XO~a HOHH30BaHHbiX 

ny3blpbKOB K HHTHM cqHTbiBaHHH. B npHHl.I,Hne, B o6cy:liC

,IJ.aeMOM ,IJ.eTeKTOpe Cyi.I..\eCTByeT TaK)I(e B03MO)I(HOCTb on

pe,D.eneuux a6conroTuoii: aenuquuw rny6HHHbiX Koop~uuaT 

ny3hlpbKOB B TpeKaX, ecnH HCnOnb30BaTb ~nH 3THX l.l,ene~ 

a KaqecTBe penepuoro uaqana oTcqeTa apeMeuu MOMeHT 

auewuero Tpurrepuoro 3anycKa unu MOMeHT noHaneHHJI 

Ha BbiCOKOBOnbTHbiX 3neKTpo~ax HH.D.YU.HpOBaHHOrO HMnynbCa 
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HOHH3aUHH raJa B ny3blpbKaX. TaKOH HMnynbC B pe)KHMe 
nOCTOHHHOrO nHTaHHH rOAOCKOna 6yAeT B03HHKaTb BCHKHH 
pa3 6narOAapH TOKaM CMei.UeHHH npH tPOPMHpOBaHHH :meKT· 
puqecKoro pa3pxAa. 

0611acmu npuMeHeHWf zoooc1wna 

Bo BBOAHOH qacru o6pamanocL BHHMauue ua npeAnoqru
renbHOCTL ucnonLJoBaHHH npeAnaraeMoro npu6opa AnH HY)KA 
3KCnepBMeHTanbHOH HeHTPHHHOH tPH3HKH, TaK KaK AnH pe· 
rHCTpaUHli qaCTHU, B3aHMOAeHCTBYlOI.UHX C BeiUeCTBOM, no 
3neKTpOMarHHTHOMy MexaHH3MY HnH KaHany CHnbHbiX B3aH· 
MOAeHCTBHH cymecrsyeT AOCTaroquo 6onbWOH Bb16op BbiCO· 
K03ci><PeKTHBHbiX AeTeKropos. BMecre c reM, o6cy)I{AaeMbiH 
npH6op MO)KeT Haii:TH WHpOKOe npuMeHeHHe li B 3TOH 06· 
nacru $H3HKH. TaK, B qacruocru, rpeKOBbiH roAOCKon 
MO)KeT ucnonbJOBaTbCH B 3KcnepuMeurax ua ycKopurenxx 
B KaqeCTBe ceneKTHBHO·ynpaBnHeMOH TpeKOBOH MHWeHH 
anneHAHKCHOrO THna. IlpH TOni.UHHe CnOH )KHAKOCTH B MHWeHH 
-5 CM MO)KHO 6yAeT OCyi.UeCTBnHTb OKOnO AeCHTH JanyCKOB 
AeTeKropa Ja speMx OAHoro HMnynhca c6poca qacruu 
B UHKne. 

Cosepweuuo oqeBHAHO, qro nyJbipbKOBbiH HHTHHOH ro
AOCKon C pa3MHO)KeHHeM 3apHAOB Me)KAY 3neKTPOAaMH 
MO)KeT HMeTb 6onhwoii: pa6oquii: o6beM, H AnH uccneAosa
HHH pHAa tPHJHqeCKHX JaAaq Ha YCKOpliTenxx OYAeT cnoco· 
6eu 34><PeKTliBHO KOHKypuposaTb c nyJbipbKOBbiMH KaMepaMu. 

B JaKnJOqeuue as ropy npuxruo noonaroAapHTb li. M .Ilou
reKopso, A.A. TxnKuua, JI.M.CopoKo u B.r .3uuosa Ja no
neJHble oocy)I{AeHHH npo6neMbl perucrpauuu cna6o BJaHMo
Aeii:crsyJOI.UHX qacruu. 
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