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Bo MHorux liJH3H'IeCICHX na6opaTopHJIX B nocne,D;nee speMJI 

Be,D;eTCJI TJ.QaTeRLHbiH DOHCIC 3ReiCTpOHHOrO MeTO,D;a perHCT· 

pauuu ueiiTpnuo. HeiiTpHHHblii ,D;eTeiCTop B 3aaepweunoM BH,D;e 

,D;on~eu y,D;oaneTaopJITL pB.D;Y Tpe6oaauuii, cliJopMynupoaau

HbiX B 1970 ro.D;y a pa6oTe 3auenuua u TiouTeKopao /1/ , 
B 'laCTHOCTH o6na,D;aTL CDOC06HOCTLIOperHCTpHpOBaTL HeBT· 

pHHO ICaiC BbiCOICHX, TalC H HH31CHX 3HeprHH, xapaiCTepH3yeMbiX 

aenH'IHHOH 1 M 3B B HB~e, ,D;aBa TL BHiiJopMaUBIO 0 BeRB'IBHe 

3Toii 3HeprBH H uanpaaneuBB nepaaquoro BMnynLca. TaiCHM 

,D;eTeiCTOpOM, perHCTpHpyiOIQBM TpeiCB nepBB'IHbiX 3neiCTpo

HOB, B03HBICaiOIQBX B (v-e)-pacceJIHHB II o6paTHOM {3-npo

uecce, DO MHeHBIO aBTOpOB pa60Tbl /1/ , MOr 6bl 6biTL ,D;e· 

TeiCTOp, BbiDORHeHHbiB Ha OCHOBe C~B~eHHbiX BHepTHbiX 

ra30B aproua H ICCeHOHa, B ICOTOpbiX npH rny60ICOH O'IHCTICe 

OT 3neiCTpOOTPBUaTenLHbiX npBMeceii 3ReiCTpOHbl BOHB3aUBB 

MOryT CyJ.QeCTBOBaTL B CB060,D;HOM COCTOJIHBH. fiorpy3BB 

B >KB,!J;ICOCTL CHCTeMy HBTJIHbiX 3ReiCTpO,D;OB, o6pa3yiOIQBX 

XYZ - ICoop.D;HHaTHYID ceTKY, B co6spaJI ua HBTH 3neKTpoubl 

BOHH3aUBB, MOlKHO nony'IBTL HCICOMYIO BHiiJOpMaUBIO 0 B3aB· 

MO.D;eiicTBHH ueiTpsuo •. O.D;HaKo oqeBB,D;Ho, 'ITO TaKoii ,D;eTeiC

Top, BMeiOIQBi xapaiCTepHbiH pa60'IHH 06beM B HeCICORLICO 

,D;eCJITICOB ICy6H'IeCICHX MeTpOB, ,!J;On>KeH CO,D;ep>KaTL 3Ha'IH· 

TeRLHOe ICORH'IeCTBO CBrnanLHbiX HBTeH, HC'IHCRJieMOe Be· 

RB'IBHOH - 10 6 - 10 7 • B pe)KBMe BOHH3aUBOHHOrO c6opa 

3ReiCTpOHOB /a B HaCTOJIIQ~e BpeMJI DPH pa6oTe C >KH,!J;ICHMB 

cpe,D;aMH TORbiCO TaiCOB pe>KHM H B03MO)KeH/, C Ka)K,!J;Oll 

HHTbiO ueo6XO,!J;HMO CBJI3aTL COOTBeTCTBYIOIQBH ManowyMJI· 

IQHii 3neKTpOHHbiB ycunuTenL H onpe,D;eneuuble 3neMeHTbl 

norH'IeCICHX CXeM. CyMMapHaJI CTOHMOCTb BCeii 3neiCTpOHH· 

ICH, o6cny>KHBaiOJ.Qei TaKOA ,D;eTeiCTOp, CTaHOBHTCJI qpe3Bbl· 

'Iaino BbiCOICOB. 3TO, DO)Kanyii, JIBnJieTCJI rnaBHbiM o6CTOJI· 

TenLCTBOM, c,D;ep)KHBaiDIQBM peans3aUHIO ,D;anuoro cnoco6a. 
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BMecTe c TeM, pa3pa6oTKa KpynHMX KpBoreHHMX cBcTeM 

~nH C)KB)KeHHJI BHepTHhlX ra30B B 6onbWBX 06'beMaX B CTa

UBOHapHOe nOMep)KaHBe CKOH~eHCBpOBaHHOH cpe~hl npH 

~nBTenLHOH 3KCnnyaTaUBB ~eTeKTopa TaK)Ke npe.IJ;CTaBnHIOT 

onpe~eneHHMe TPY~HOCTB. 

B npuuuune, peweHBH nepaoii 'laCTB npo6neMM- yMeHL

weHBH 'IBCna HHTeH - MO)KHO ~06HTbCJI nyTeM pa3MeiUeHBJI 

3neKTpO~OB B )KB~KOCTB Ha 6onbWOM paCCTOJIHBB ~pyr OT 

~pyra B nepeuoca B3o6pa)KeHBH TpeKa ua HBTB nyTeM Tpauc

nopTBpOBKB 3neKTpOHOB BOHB3aUBB no~ ~eHCTBHeM BHeWHero 

nonH /auanorB'IHO ~peiiclloaMM KaMepaM/. TaKoii no~xo~ 
o6cy)K~aeTCH a /2/ . O~uaKo npB ~aHHOM cnoco6e B03HHKaeT 

cpaBHBTenLHO 6onLWOe ~HcilciiY3HOe "pa3MhlTBe" TpeKa. 

· BMeCTe C TeM, npB BOHB3aUBOHHOM pe)KBMe perHCTpaUHB 

KOPOTKBX TpeKOB, ~nBHa KOTOphlX MeHLWe Me)K3neKTpO~HO

ro 3a3opa, pe3KO ycno)KHHeTcH 3a~aqa o~H03Ha'IHoro aoc

CTaHOBneHHJI BX npOCTpaHCTBeHHOrO nono)KeHBH. qTO Ka

caeTCJI BTOpOH 'laCTB npo6neMbl, TO O'leBB~HO, 'ITO ee pe

weuue B03MO)KHO nBWh npB pacwupeHBB Knacca ucnonL3ye

MhlX B ~eTeKTOpaX )KB~KOCTeH B o6naCTb MHOrOaTOMHhlX 

cpe~. 

B uacToHmeii 3aMeTKe paccMaTpBBaeTcH HOBMH MeTo~ 

perHCTpaUBB TpeKOB nepBB'IHhlX 3neKTpOHOB OT B3aHMO

~eHCTBBJI HeHTpBHO B )KB~KOH cpe~e, n03BOnHIOIJlBH cy

mecTBeHHO paCWBpBTb Knacc BCnOnh3yeMMX )KB~KOCTeH 
B 3Ha'IHTenbHO COKpaTBTb 'IBCnO CBrHanbHhlX HBTeH B ~e
TeKTOpe. H~eH 3Toro MeTo~a 3aKnroqaeTCH B cne~yromeM. 

B Ka'leCTBe )KB~KBX cpe~ B ~eTeKTOpe npe~naraeTCH uc

nonL3oaaTL ~B3neKTpB'IeCKBe )KB~KOCTB, MOneKynM KOTO

pbiX BnH npBMeCB B HBX o6na~aiOT CBOHCTBOM 3neKTpOOT

puua TenLHOCTB, T. e. cnoco6HOCTLIO 3axaa TbiBa Th 3neKTpo

Hbl BOHB3aUBB B o6pa30BMBaTb OTPHUaTenLHble BOHhl B 

COnbBaTHhle KOMnneKCbl. 3THM CBOHCTBOM o6na~aiOT, npaK

TB'IeCKB, BCe )KB~KOCTB, B TOM 'IBCne aproH B KCeHOH, 

ecnH BX CneuHanLHO He O'IBIUaTh OT 3neKTpOOTpBUaTenLHbiX 

npBMeceii. IIepaoHa'lanLHMii 3neKTPOH, B03HBKaromuii B 

npouecce B3aBMO~eHCTBBJI HeHTpBHO C aemecTBOM TaKOH 

)KB~KOCTB, o6pa3yeT cne~ B3 uenO'IKH BTOPB'IHMX 3neKTpO

HOB H nonO)KBTenbHhlX BOHOB. BTOpB'IHhle 3neKTpOHhl, B CBOIO 

oqepe~L, 3a apeMH lo-lL 10-10 c nocne B03HBKHoBeHBH 

TepMOnH3YIOTCJI B· )KB~KOCTB B 3aXBaTMBaiOTCJI ee MoneKy-
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naMB B npBMeCHMB. llo OKOH'IaHBB 3TOrO npouecca OTpBUa

TenLHhle HOHbl B COnbBaTHhle KOMnneKChl BMeCTe C nono

)KBTenbHhlMB BOHaMB cilopMBPYIOT TpeK nepBB'IHOrO 3neKTpO

Ha, KOTOphlH ~onro COXpaHHeT CBOIO npOCTpaHCTBeHHYIO reo

MeTpBIO B CBny BCKlliO'IBTenLHO Manoii: CKOpOCTH ~BcilciiY3HOrO 

~BH)KeHBJI HOHOB B )KB~KBX Cpe~ax.,lJ;pyrHMH cnoBaMH,TpeK 

B )KB~KOCTH ciiBKCBpyeTCJI /" 3anOMHHaeTCH"/ Ha ~nBTenbHOe 
apeMH 6naro~apH ero BOHHoii CTPYKType. Co apeMeHeM 

nonepe'IHhlH J~3Mep TpeKa ~BcilciiY3HO "pa3MMBaeTCJI" no 

3aKOHy r =V 2Dt, , r~e D - K03cilciiBUHeHT ~Bcilcily3BB BOHOB 

B )KB~KOCTJIX, COCTaBnHIOIUHH - 10-5 CM'}'c, r - cpe~HBH 
pa~uyc nonepe'IHoro ceqeHHH TpeKa, t - apeMH. O~HaKo 

BenB'IHHa 3TOrO "pa3MbiTHH" HeBenBKa B ~nH BpeMeHB 

t:;.;Q,2 'I COCTaBnHeT -1 MM. 0Cb )Ke CBMMeTpHB TpeKa npH 

~BcilciiY3BB COXpaHHeTCJI Ha MeCTe. 

3To Ka'leCTBO TpeKa no3aonHeT peWBTL B BTopyiO qacTL 

paCCMaTpBBaeMOH 3a~a'IB, KOTOpaH COCTOHT B TOM, 'IT06hl 

"npOCKaHBpOBa Tb" TpeK nepBB'IHOrO 3neKTpOHa HaBMeHbWBM 

'IBCnOM CBrHanLHhlX HBTeH B npB 3TOM nony'IBTb BCIO Heo6-

XO~HMYIO BHcilopMaUBIO 0 ero npOCTpaHCTBeHHOM nono)KeHBH 

B nBHeiiHoii 3apH~Hoii nnoTHOCTB. TaKyro onepauuro npome 

Bcero MO)KHO OCyiUeCTBBTb C nOMOIUbiO )KeCTKO CBH3aHHhlX 

Me)K~y C060H Tpex HBTJIHbiX B3aBMHO napannenbHhlX 3neKT

pO~HhlX nnOCKOCTeH, B KOTOphlX HBTH KpaHHBX nnOCKOCTeH 

napannenLHM Me)K~Y co6oii B nonapHo o6'be~BHeHM no 

cxeMe 1 + 1 ', 2 + 2' , 3 + 3' , ... , r~e 1,2,3, ... , - HBTH nepaoii 

nnOCKOCTB, 1 ', 2', 3 ', ... - HHTB BTOpOH Kpaii:Heii: nnOCKOCTB. 

HBTH cpe~Heii nnocKOCTB pacnono)KeHM no~ yrnoM /a qacT

HOCTB 90 ° I K HanpaaneHHIO HBTeii a KpaiiHHX nnocKocTHX. 

llepBO~B'IeCKBM nepeMeiUeHBeM 3TOH HBTHHOH CBCTeMbl C'IB

TMBaHBJI nepneH~BKynHpHO ee nnOCKOCTB B~Onb /nonepeK/ 

BCero ~eTeKTOpa B 6y~eT BhlnOnHHTbCJI CKaHBpOBaHBe Tpe

KOB. ,lJ;eHCTBBTenbHO, Ka~MH pa3 npB npOXO)K~eHBB 

3neKTpO~OB qepe3 30Hy TpeKa 6y~eT npOBCXO~BTb c6op 

Ha HBTB nonO)KBTenbHhlX B OTPBUaTenbHhlX 3apH~OB B, 

TaKBM o6pa30M, ocymecTBnHTbCJI B3MepeHHe KOOp~HHaT 

cne~OB 'laCTBJl. QqeBB~HO, 'ITO ~nH 3cilcileKTBBHOrO c6opa 

BOHOB pa3HOCTb noTeHUBanOB Me~y 3neKTPO~aMB ~Oll)I(Ha 

y~oBneTBOpHTb ycnOBBIO, npB KOTOpOM CKOpOCTb ~peiicila 
BOHOB B none 6y~eT BMWe CKOpOCTB nepeMeiUeHBJI 3neKTpo

~OB B ~eTeKTOpe. ,lJ;nJI OUeHKB COOTHOWeHBH 3TBX CKOpOCTeH 
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npHMeM, 'ITO nonHaa AJIHHa nepeMe~e-HHa 3JieKTpo.nHoii. cuc

TeMLI BAOJib BCero ACTCKTOpa COCTaBJIBCT 10 M H .nonycTH

MOC BPCMfl. ")I(HJHH" TpeKa- 0,2 '1, Tor.na CKOpOCTb nepeMe

~eHHB 3JICKTPOAOB COCTaBHT 1,3 CM/C. TaKyiO /H .na)l(e 

60JibWYIO/ BCJIH'IHHY CKOpOCTH APCHcPa HOHOB MO)I(HO o6ec

ne'IHTb no.n6opOM COOTBCTCTBYIO~CH BCJIH'IHHbl BHCWHero 

nons. TaK, HanpHMep, .nns )I(HAKoro ao.nopo.na noABH)I(HOCTL 

nOJIO)I(HTCJibHbiX H OTpHUaTCJibHbiX HOHOB xapaKTCpH3yCTCfi 

3Ha'ICHHCM -10-2 CM'fB•c / 3/ • ll03TOMY npH HanpB)I(CH

HOCTH noJin B MC)I(3JICKTpOAHbiX 3a3opax, paBHOH 10 3 B/CM, 
APCHcPOBaB CKOpOCTb HOHOB COCTaBHT 10 CM/C. Ty )I(C 

CKOpOCTb HOHOB B )I(HAKOM cPPCOHC, AJifl. KOTOporo nOABH:>K

HOCTb pasHa 10-
3 CM 2 /B· C, MO:>KHO noJiy'IHTb B none 

HanpJI)I(CHHOCTbiO 10 
4 B/CM. 3Ta CKOpOCTb, KaK BHAHM, 

HaMHOrO npeBbiWaeT Tpe6yeMyiO CKOpOCTb nepeMe~CHHfl. 

3JICKTPOAOB B paccMaTpHBaeMOM ACTCKTope. 

0TMCTHM, 'ITO npH ABH:>KCHHH 3JICKTPOAOB OAHOBpCMCHHO 

AOCTHraeTCfl. O'IHCTKa Bcero 06'beMa )I(HAKOCTH OT "cTapbiX" 

TPCKOB. Hanps)l(eHHe 3JICKTpuqecKoro nuTaHHB AOJI)I(HO no

.naaaTLcn Ha HBTB cpe.nHero 3JICI<Tpo.na. Pe:>KHM nHTaHHn 

MO)I(eT 6LITL KaK nocTOBHHLIM, Tai< B HMnynLCHbiM. B nepaoM 

CJiyqae AJifl. onTHMaJibHOrO H3MepeHHB HOHHOrO TOKa, npo

TCI<aromero no HHTBM, MO)I(HO BOCnOJib30BaTbC11 MCTOAOM 

aMnJIHTYAHOH MOAYJIBUHH ToKa. O.nHai<o, KaK npe.ncTaBnJJeTcn 

ceii.qac, npe.nnO'ITHTCJibHbiM BBJIBCTCB MCTOA HMnyJibCHOrO 

c6opa 3apBAOB, npH KOTOPOM MO:>KHO 3clxlJeKTHBHO HCnOJibJO

BaTb cllaJoayro cPHJILTpauuro noneJHoro curHana. HMnynLcbl 

AOJl)I(Hbl no.naaaTbCJI C HHTepBaJIOM, paBHbiM BpCMCHH nepe

MC~CHHB 3JICKTPOAOB B :>KHAKOCTH Ha BCJIH'IHHy MC:>K3JICKT

po.nHoro npoMe:>KyTKa. 

0THOCHTCJibHO peKOM6HHaUHH HOHOB B TpCKC MO:>KHO OT

MCTHTb CJICAYIO~ee. KaK noKa3biBaiOT MHOrO'IH7~~?ble 
3KCnepHMCHTaJibHbiC HCCJICAOBaHHB /CM., Hanp., /, 

AJIB CJia6o 3JICKTpOOTpHUaTCJibHbiX )I(BAKOCTCH OKOJIO 80~ 
'IHCJia HaqaJibHbiX HOHOB B TpeKe pei<OM6HHHPYIOT B OCHOB

HOM B nepBbiC HCCKOJibKO CCKYHA nocne B03HHKHOBCHHJI. 

OcTaJILHLie HOHbl ocTaiOTCB npaKTH'ICCKH cao6oAHbiMH H 

pei<oM6HHHPYIOT no JaKoHy cnyqaJJ. TaK, a qacTHOCTH, 

.nm1 nepBH'IHbiX 3JieKTPOHOB c 3Heprueii. 10 
6 3B 'IHCJIO 

HOHOB B TpCKe, OCTaiO~HXCR B CB060AHOM COCTOJIHHH, coc-
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• ,lJ;JIB CHJibHO 3JICKTpOOOTPHUaTCJibHbiX 

:>KHAKOCTeH THna cPPCOHa 'IHCJIO CB060AHbiX HOHOB 3Ha'IH

TCJibHO BbiWC. ll03TOMy npH COBpCMCHHOH 3JICKTpOHHOH 

annapaType C noporOM 'IYBCTBHTCJibHOCTB, COCTaBJIBIOIUHM 

100-200 3JICKTpOHHbiX 3apBAOB, TpeK nepBH'IHOrO 3JICKTpO

Ha C 3Hepraeit B 1 M3B MO:>KHO HaAC:>KHO H3MCPBTb B 6-10 

TO'IKaX. B CJiyqae BCnOJib30BaHBJI CUBHTHJIJIBpyiO~BX :>KBA

KOCTCH MO)I(HO nOJIY'IHTb AOnOJIHHTCJibHyiO HHcPOpMaUBIO 0 

TpeKe, perBCTpapyJI CBCTOBYIO BCnbiWKY. 

CyMMapHoe 'IBcno 3JICKTPOHHbiX I<aHanoa, CBJIJaHHLIX 

C HHTJIMH, B paCCMaTpHBaCMOM ACTCKTOpe npHMCpHO B 
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pa3 MCHbWC, 'ICM B ACTCKTOpe C paBHOMCpHbiM paJ

Me~CHHCM HHTeit no BCeMy 06'beMy )I(HAKOCTH. 

B JaKJIIO'ICHHe llBTop 6naro.napaT .6.M.IIoHTei<opao, 

A.A. Tnni<HHa, JI.M.Copoi<o H B.r .3HHoaa Ja o6cy)I(ACHHe 

uonpocoa no MeTo.naM peracTpauau HCHTPBHo. 
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