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OBIIWI XAPAKTEPMCTIIBA PABOTli 

AK'l'Y&JI:&HOCT:& TeM!:i. YcnexH &Rcnepm.reHTan:&HoA Jij:J,epHoA qiHaH­

KH H lfiHsHKH m.teOKHX BHeprHR HepaaphlBHo CBJ!Sa.HH c pasBHTHeM Tex· 

HHKH 3KcnepHMeHTa·H M9TO,I\OB perHcTp~ 'tie.CT~. IloHCK HOBblX 

npHHqH!IOB H MeTO,I\OB perHcTp&zy!H '118.CTH~ RB1IJ!9TCfi O,I\HHM HS aKTy­

aJlbHlilX HailpaBJieHHA pasBHTHH MeTO,I\HIGI co:epeMeHHoro &Kcnep11MeHTa~ 

q·,;m B COBpeMeHHoR qiH3HKe BblCOIGIX 3HeprHR P8.3BHTHe YCKOpHTeJib­

iOA TeXHHKH H M9TO,I\HIGI 3RcnepHMeHTOB B OCHOBHOM npoHCXO,I\HT rap­

ollOHHliHO, TO B o6JiaCTH Jij:J,epHoR q.taHKH H ij>H3HIGI TJ!llteJiblX HOHOB aa­

MBTHO onepeJKeHHe YCKOpHTeJibHOA TBXHHIGi H OlllYDlaeTca He.u.ocTa'lla 

M9TO,I\HK, Il03BOJIJmqHX oc~eCTBHTb C5blCTpyio perHcTpa.qHIO H H,I\eHTH­

q»IR~ CHJibHOHOHH3Hpy!O!IIIDC KOpOTKonpo6elKHblX T.fllKeJihllC qacT~ (~­

pa OT,I\alili, 4JparMeHThl .u.eJie!-IHR H T.,J:\.). Tpy,I\HOCTH B no.u.o6HblX Me­

rO,I\H'llSCIGIX paspa60TKax CBR3aHhl c ~eCTIGiMH TpeC5oBaHHm.rn: cospe­

~eHHOI'O npe~aHoHHoro RAepHo-ipHaH'llecKoro SKcnepHMeHTa. K TaRHM 

TpeC5oBaHHRM OTHOCKTCH BhlCOKOe BpeMeHHoe H npocTpaHCTBeHHoe pa3-

pemeHHe ASTSKTOpOB, Ma.Jioe KOJIHqecTBO Be~ecTBa no nyTH perHcTpH­

pyeMoA 'llaCTHI..\bl, cnoco6HOCTb pa60Thl ,I\9T9KTOpOB B BaKJ'YMS H T.~. 

c TO'llKH apeHHs C03AaHHR ASTSKTOpOB CHJibHOHOHH3Hpyioiqmc qacT~, 

.Y~OBJI9TBOPJllOllµl!X nepellHCJieHHblM TpeCSosrurn:RM, llp9ACTaBJIReT 6oJI:&mon 

~ Jpec IlpOG9CC ynpaBJiseMon ~TOpHtnion 3JieKTpoHHcti 3MHCCHH (YBa3) 

H3 p:bDCJibllC ,11,HSJieitTpHtieCIGIX CJIOeB, HBXOA.filllIDCCK B 3JI9KTpY.tJ:8CKOM 

DOJie. OTOT mrrepec ll'.J3P8.H TeM, 'llTO xapaKTe~Hoe Bpeiv.IJ! q,<>pMHpoJJa­

HilK BTOp!NHvro Toxa B SMHT~epe YBaa He n,peBhlll!ae·r 10-IO c,a 06-

JiacT:& JIOKaJIH3al.\lllf BTOPH'llHl>IX SJieKTpoRoB B pb!XJIOM CJioe AHSJieKTpM-
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Ka BOKpyr TpeKa npoJ!STaJOrqea llaCTHl.\bl COCTaBJI.R:ST ASC.R:TKH MHKpo­

MeTpos, KpaMe sToro, SMMTTephl YBaa COAep!taT no TOJlll!HHe IqlaJ:!he 

MaJIOe <-ro-4 r/~) KOJIHqecTBO Be~SCTBa H o6ecneqwBal)T BhlCOro'!~ 
Kos~eHT aMMccHH sJiexTpoaos c .. ro2> s ycJioBH.HX BaeyyMa He 

X;yJKe ro-5 
Topp. 0AH8RO 3TH AaHHhle YBaa IlOJij'llSHhl npH HCCJI9,D,0Ba-

HMH npO!iecca ARR nepBHlnUilX peJI.HTHBHCTCIGIX sneKTpoHoB, a ARR 

qacTH4, HOHHSHpYJOlllHe CllOC06HOCTH ROTOpblX I02 - 103 paa Bblli!9 

.. 

qeM y peJI.R:THBHCTCKHX 3JI6KTPOHOB, npoqecc YBaa npaRTHqecKH He ~; 

6bl.JI HCCJISAOBaH. 

C yqeToM BblllleHsnOJKeHHoro, TeMaTHKa BhlllOJIHeHHon AHccepTa-

41'JOHHoR pac50T:&1, IlOCB.HII{eHHoA CHCTeMaTH'li9C!GiM l'ICCJI9AOBaHH.flM npo-· 

4ecca YBaa AR.ff nepBHtlliblX o1. - tracT~ H coa,o,a.Hm> ,o,eTeKTopa 

qacT114 Ha OCHOBe 3TOI'O npoqecca, npeACTaBJI.R:STC.ii aKTyaJibHOtt. 

ilenb pa6oThl saRJIIOqaeTc.a B npoBepKe MOAeJibHhIX npe,o,cTaBJie­

HHR npo4ecca YBaa, a TaIOKe B noJiyqeHHH HOBEilX: cBe,o,eHHR o xapaK­

Tepe B3aHMOAettcTBH.ff HOHH3HpYJOlllero l'I3JJyqeHH.ff c Be~SCTBOM, Haxo­

,D,.fflqHMC.ff B PhlXJIOM COCTO.R:HHH npH HaJIH"llHH B HeM CHJibHoro aneKTpH­

qecKoro. noJI.11. 

KpoMe aToro, qeJibE npose,o,eHHhlX pa6oT .R:BJI.R:eTc.a cos,o,aHMe 

A9T9KTOPOB HOHHSHpynqHX qacT114 Ha OCHOBe 3MHTTepoB YBaa H ~.x 

HcnoJib30BaHHe B KOHiql9THblX !JJlsHqeclGIX 3KcnepHM9HTax. 

Ha.yt!Ha.a: HoBHaaa pac5oThl. Bnepa:&1e npose,o,eH:&1 HCCJJe,o,oBSHH.a ~ 

npo4ecca YBaa Ha ).{~0 npH npox0'1t,IleHHH ol.- QB.CTJ14. BnepBhle · 

npoqecc nepeHoca aJieKTpHqecKHM nor.eM BTopHtnn.CC aJieKTpoHaB B no­

PHCTblX ~aneKTpHKax paccMoTpeH no aaaJiorHH c xacKa,IVil:>lM paaMHo­

lKSHHeM qacTHq B KaHaJibHhllC yMHOlKHTeJI.f!X, BnepBh!e noKaaaao, 'llTO 

iplmKTyar~ qucna 3MHTTHpoBSHHhlX aneKTpoHos npe YBaa onec:&1Ba1>T-

r..11 pacnpe.AeJieHHeM Ilotta. BnepBhle noxaaatto, qTo 3MHTTep:&1 YBaa 
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copomo pear11pyroT Ha MOHM3MPJ'lO!!lHe cnoco6HocTM npoJJeTruo~MX qa0-

rH4, M ASTSKTOphl HR MX OCHOBe 6yp;yT 06Jl~aTb noporOBb!M CBOti­

CTBOM. bnepBNe 04eHeHo 3HaqeHMe 3H9pI'MM o6paaOBruil1R naphl MOHO! 

B PhlXJ!h!X 'AMlMSKTpmrax. ,i+i1R PblXR.b!X CJ!OSB Jig 0 Bnepshle H3Mepe­

Hhl 3HepreT11qecKMe CilSKTphl BTOpl1'1UfblX 3Jl9KTpOHOB M onpeAeJ!eHa 

.~JlHHa cpeAHero cso6o~Horo npo6era 3THX 3JlSKTpOHOB B cJJoe. 

Paapa60Ta.Hb! M C03Aa.Hb! ASTSKTOphl MOHM3Hpyrorqmc qacTw4 Ha 

OCHOBe Ybaa, B KOTOpblX BilSpBhle OCYll!SCTBJieH M30Xp0HH~ nepeHoc 

BTOpM'IUfblX 3Jl9KTpOHOB OT 3MHTTepa Ha MMKPOKaHaJibHh!e IlJiaCTMHhl. 

C03AaHhl Bp~M.R:npoJleTHhle CMCTeMhl Ha OCHOBS ASTSKTOpOB Y.Baa, 
KOTOphle snepBhle anpo6HpoBa.Hb! B peaJibHhlX YCJ!OBMRX ~M3MqSCKoro 
SKcnepMMeHTa. 

lipaKTHqecKaR IJSHHOCTb. .b peayJibTaTe npOBSASHHb!X pa6oT no­

Kaaatto, ~o PhlXJihle AM3JISKTpMqe~KMe 3MMTTephl .R:BJI.Fll0Tc.1r arianoroM 

MMKPOKaHaJibHOti IlJiaCTllfHh!, lliMpo1w HCDOJib3YSMOti B paaJUl'lllfb!X 06JlaC'­

TRX HayKM M TSXHMKH B KaqeCTBe YCMJII1T9J!R TOKa, ASTSKTopa qac­

TM4, nepeAaiorqero 11ao6paJKeH11e npH6opa, 11 T.A. 8Ta aHruror11.1r MHE­

::.µ.rnpyeT HOBhle pa60Thl no l1CCJI9AOBEUUUO B03MOlKHOCTeti 3S.M9Hi:ii ... f'.::.1 

3MHTTepaMH YBaa, KoTophle aHatrnTeJibHo Aeme:eJle " JJerKo ;isroTcB­
JI.R:eMhl no cpaBHSHMIO c ;llKIJ. 

Hap.RAY c STMM, OCHOBHa.R: npaKTHqecKa.R: 49HHOCTb pa60Ti:ii sa­

KJIIOqaeTC.R: B C03AaHHH HOBblX CBepxTOHRHX 6hlcTphlX ASTSKTopoB qac­

T114, KOTOphle, Ha Haw B3I'JI~, HatiAYT WHpOKOe npMMPHSHv.e B P-Aep-

((T·"-9/HOH<reCKHX •xcnep ........ """ perHCT- " l\l!OHTH"'"""'" TR­
lKSJlhlX MHoroaap.ffAHblX qacT114 Bp9M.RTipOJI€THblM MSTOAOM. 

.ha 3a!qHTY BhlHOC.R:TC.R:: 

I. i1J9TOAHKa 3KCnepMM9HTaJibHOI'O HCCJ!SAOBaHllfR npo4ecca ynpa1• 

JI.R:eMoti BTop11'!lHoti 3JlSKTpoHHott SMHcc1111. 
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2. oKcnepHMeHTaJibHble pesyJitiTaTbI HCCJie,11,o:ea.HH.fl .v:saa ( xoaqi­

qiHQl'leHTbI 3MHCCHR, cTaTHCTHqecKHe H 3HepreTHqecKHe pacnpe,11,eJie­

HH.fl BTopHqHhlX aJieKTpoHoB) ,!1,JI.fl phlXJiblX CJioeB A30 , o6JiyqaeMh!X 

d..- qacTH~a.MH H peJI.RTMBHCTCKHMH 3JI6KTPOHa.MH. 

3. PesyJibTaTbI aHaJIHsa axcnepHMeHTaJibHblX ,11,aHHblX H noJiyqeH­

Hble sHaqeHH.fl ,11,JIHHbI cpe,11,Hero cB060,11,Horo npo6era BTOpHqHbll{ aJieK­

TpOHOB B pbIXJIOM Jf9 0 ( le ~ 5•10-4 CM) , a TalOKe 3HeprHH 

( Q. ~ O,IOi0,5 K3b). saTpaqHBaeMoR nepBHqHOR qaCTH~eR Ha on.~ 

30BaHHe napbI aJieKTpOH-,11,bipKa B CJIOe 

4. hOHCTPYKIJ,H.fl, npHHizyin pa60TbI H pesyJibTaTbI HCCJI6,11,0BaHHR 

paCSollliX xapaxTepHCTMK ,11,eTexTopoB Ha ocHoBe YBao. 

o.PeayJitiTaTbI anpo6HpoBaHH.fl ,11,eTexTopoB YB08 H BpeM.flilpoJieT­

HblX cnexTpoMeTpOB Ha HX OCHOBe B ycJIOBH.flX peaJibHOrO axcnepH­

MeHTa Ha nyqxe T.fllK6JlhlX HOHOB H BttyTpeHHeM nyqKe 3JI6KTpOHHOro 

CHHXpoTpoHa ~p~rl. 

Anpo6a.!¥1.fl pa6oTbI. PesyJibTaTbI, nonyqeHHble B ,Il,l1CcepTaizyIH, 

,11,oKJia,IJ,b!BaJIHCb Ha CoBe~aHHH no axcnepHMeHTa.nbHblM ycTaHOBKa.M 

Y-400 (,LWes,11,eH, r,i:w, I9e2), Ha BTopoM COBe~aHHH no BTOpHtniOMY 

aJieKTpoHHOMY Hs.rryqeHHIO (JieHHHrpa,n., 1983), Ha ceccmi: OT,11,eJieHH.R 

ff,II,epHoR qiHsHKH Ah CCCP (~.oc1rna, 1984) , a TaKlKe Ha lY xoHqiepeH­

L.\l'!H MOJIO,Il,blX yqeHbIX ~pQKJ (Hop-AMCSep,u,,19?9) H Ha ceMHHapax i.:piltV! 

H JJ.HP Orlfui. r ' 
fiyClJIHKaLWH. OcHOBHOH MaTepHa.n ,n.HccepT~>m COAepxrnTc\ .e 

,n.ec.RTH nyClJIHKaizyl.!!X,CilHCOK KOTOphlX npHEO,IJ.HTCfl B KoHIJ;e aBTOpeq)e-

paTa. 

CTpyKTYpa H oCl~eM 8HccepTagHH. ,D;HccepT~H.fl COCTOHT H3 BBe­

,11,eHH.fl, qeTb!peX rJiaB H saKJIJOqeHH.fl. UHa H3JlO~eHa Ha 129 CTpaHH­

~ax: MaillHHOnHCHoro TeKCTa, co,11,epiKHT ,11,Be Ta6JIH~ H 45 pHCYHKOB. 

() 
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CnHcox Ql'!THpyeMoR JIHTepaTypbI BKJIIOqaeT 104 HaHMeHOBaHH.fl • 

KPATKOE CO,D;EFJJ{Afhl~ PABOTli 

Bo BBeAeHMH o6cYll!AaeTc.R axTya.nbHOCTb npoae,11,eHHh!X HCCJie,11,0-

BSHHR, cpop.MyJIHpyeTC.fl HX ~eJib H npHB0,11,HTC.fl KpaTKOe co,11,eph\aHHe 

KBll\:AOR H3 rJiaB ,11,HCCepTB.qHOl:iHOH pa60TbI. 

B nepsoA rJiase npHse,11,eH xpaTKHR o6sop JIHTepaTypbI no BTo­

PH'llHoR SJieKTpoHHoR aMHccHH HS nopHCThlX ,Il,l13JieKTPHKOB. 0TMeqaeTc.R 

OTCYTCTBHe AaHHh!X no HCCJie,11,oBaHHIO 3THX npoqeccos npH npox~e­

HHH CHJibHOHOHH3HPYJ)lqHX qacT~. Ocse~eHbI OCHOBHble npeHMyllleCTBa 

npo~ecca ynpaBJI.ReMoR BTOpHqffOR 3JI6KTpOHHOR 3MHCCHH (YBaa) Ha,n. 

npo~eccoM ~OMaJibHOR BTOpHqffOft 3JI6KTpOHHOR 3MHCCHH (ABQS) c Toq­

KH speHH.R npaKTHqecxoro HcnoJib30BaHH.fl. 

·OnHcaHa BbICOKOB&KYYW!a.R 3KCnepHMeHTaJibHa.R: YCTaHOBKa no HC­

CJie,11,oBa.mm YBaa ,11,J.Ui: nepBHllHhlX d- -qacTH~ c 3HeprHef1 5,5 MaB H 

peJI.RTHBHCTCIGIX 3JI8KTPOHOB c aaeprHeR 0,5{2,2 roaB. ){JI.fl onpe,11,eJie­

HH.fl a6COJIIOTHOro qHCJia 3MHTTHp0BaHHh!X 3JieKTPOHOB npH KSlll,qOM aK­

Te npox~eHHa nep~oa qacT~ -qepes phlXJUiri.i ,Il,l13JieKTpH"tlecKHR 

CHOR HCilOJib30BaJIC.fl M~T0,11, yoxopeHHa H perHcTp8.411H BTOpHtnn.IX 

SJieKTpOHOB (B co:ena,qeHHH c nepBH"tlHOA qacT~e!!) c H3MepeHHeM HX 

CyMMapHOR SHeprHH C~THJIJl.flizy!OHHfiM cneKTPOMeTpOM Ha OCHOBe !CpHC­

TaJIJia aHTp~eaa.C no11oiqi:.m o<Spas:qoah!X cneKTpr;eTpH"tlecKHX (-Hc-

llr TOtnmKOB npose,11,eHa KaJIH6posxa cneKTpoMeTpa BTopHllHh!X aJieKTpo­

~~ HOB, Il03BOJI~a.R OCYD!8CT:BHTb nepexo,11, OT 3Hep•OBbiD;eHeHH.R B !CpHC­

TaJIJie aHTp~eHa K q;i:c.ny SJieKTpOHOB B rpynne. QHepreTHqecKoe 

paapemeHHe cneKTpoMeTpa ,11,Jlii aJieRTpoao:e c aHeprHea 14 ttaB cocTa­

BHJio ~ 25%. attepreTHqecKHe cneKTpli SMHTTHpOBaHHblX 3HeKTpOHOB 

H3M8pBJIHCb M8TOAOM TOpMOSBJllero 3JieK'l'pH"tlecxoro TIOJI.fl, 

,!:{a.Ho o<SocHo:BaHHe ~Qpa OKHCH M&rHH.fl ( 119 0 ) B xaqecTBe 

? 



HccneA,YeMoro pa6oqero Be~ecTBa 3MkiTTepoB YBOS H KpaTKO onHca­

Ha TeXHOJlO!'HH H3rOTO~eHHH pblXJiliX CJIOeB H3 3TO!'O AH3JieKTPHKa. 

Bo BTopoA !'JlaBe npHBOA.RTCH pesyJibTaTw HCCJieAOBa.HHH npo­

qecca YBaa Ha pblXnlilX cnoeB )fa'() To~Hoil IOO MKM H nnoTHocTbIO 

0, 7 H 0,35% OT MOTHOCTH MOHO!CpHCTMJia npH 06JiylleHHH HX rJ.-qac 

THqaMH c 3HeprHeA 5,5MaB H .J3 - qacT~&m c 3HeprHeA 0,5T2,2Mab. 

Ao HacToJ!lllero BpeMeHH AnH HHTepnpeT~H npoqecca YBaa 
npHMeHanach aHanorHa c Heca.MocToaTenbHhlM rasoBlolM paspJ'QJ.OM Ta­

YHCe~a. HB.MH noKasaHa HecocT011TeJ1hHOCTb TaKoA aHanorHH, H60('1 · 

CYllleCTByeT npHHqHilHMbHSH p83HHqa Mf»KAY phlXJil:JIM AH3JieKTpHKOM H 

!'830M, XOTI! H no MOTHOCTH OHH ,Il,OCTaTOQHO 6J1H3KH. Ha Ca.MOM AB­

Jie HH3K8H MOTHOCTb 3THX cnoeB o6ycnoBJieHa nopHCTOil CTpyKTypoa. 

H B32HMO,I1,eACTBHe qacTHq c nop,o6Hh!M B~BCTBOM IIpOHCX0'/1,HT He Ha 

OT'/J,eJlbHbllC CB060,Il,HbllC aTOMax MH MOJleK;ynax, K8K B cnyqae !'830B, 
... 

a c OTHOCHT8JlbHO KPYIIHl>IMH KpHcTannHqecKHMH o6p830BaHH.RMll, H3 

KOTOPHX CKOMilaHOBaH pbDCnHA CJIOB. B TaKOM npep,cTaBJieHHH npep,no­

JiaraeTCH, QTO 3MHCCHH 3JleKTpOHOB HS pblXJIOro AH3Jl8KTPHKa.npoHc­

XO,Il,HT qepes oTxp:i.rrwe MH CKB03HYe nopia, .RBJIRl>IllH8C$1 aHMO!'OM 

MHKpOKaHMbHbix YMffOJKHTeneil. ,L\Jis! Taxoro npoqecca nonyqeHo, qTO 

!pmoKTYal.\HH fn, ~cna 3MHTTHp0BaHHbDC sneKTpOHOB '/1,0JDKHW OnHChl­

BaTbC.R par~pep,eneHHeM Iloila: 

( )
-116 

· fr.= t+Bn. -
0 1,,., 

P,, = f n.!F1n."'(t+ln.r11 •11~ n (t+i~J, n.;;.t, ( ·· 
I'Ae ii. - cpe,IJ,Hee ~cno SMHTTHpo~ aneKTpoHoB, a .f, _ napa:: 

Me'l'p IloBa, CBasaHHWR c AHCnepcHeA G"2 pacnpeAeJieHHR cJie,Il,Yll­

iqHM o6pasoM: 
!'::'?. D - 2 -
\J =Oh. +n. • 

J;.:cnern•IM9HT8J!bHble HCCJTflllOBaHH.fl pacrrnep,eneHHA tm:cna 3MHTTHPOBaH-

B 

ll 

HhlX 3JieKTpOHOB H3 cnoeB J19() IlpH paanHQHh!X 3HaQeHHHX HaDp.flllteH 

HOCTH ynpaBJimouiero noJIR DOK83MH xopomee cornacHe c pacnpeAe­

neHHeM IloAa KaK B cnyqae 06Jiyt1eHHR cnoeB ot - qacTHqaMH, Tax 

H B cnyqae o6nyqeHH.R .J- qacTHqB.MH. AHanHs noBep,eHH11 napaMeT­

pa IloAa B 38BHCHMOCTH OT HaIIpJDJteHH11 ynpaBJI.Rl!llqero DOJIH noxaaan, 

QTO paaMHOJKeHHe BTopHQHbllC anexTpoHoB B nopax ~noeB .11#0 Ha-

• 'tlHHaeT CK83WBaTbCH npH aHaqeHHHX nons E ~ 3· I04B/CM,npH 3TOM 

AnHHa CB060,Il,HO!'O npo6era BTOPHlllililX 3J18KTpOHOB, Ha KOTopoA npo­

<f{/' HCXO,Il,HT HX YCKOpeHHe, B 3THX CJIOHX ,Il,OJDKHa ClblTb le~ 5·IO- 4CM. 

. .ins nposepKH '/J,a.HHO!'O CJI8,Il,CTBHH npoBO'/J,HJlHCb H3MepeHHH 3HepreTH­

qecKHx cneKTPOB BTOpHQHhDC-3Jl8KTPOHOB H3 CJIOeB c IlnOTHOCTbE 

0,'7%. BhlJio noKaaaHo, qTo, p,eAcTBHTenhHO, cpe,IJ,HRH 3HeprHR 3MHT­

THpoBaHHbllC 3JleKTpOHOB JIHHeAHo 38BHCHT OT HaDpJDJteHHOCTH ynpaBJIR­

IOiqero DOJ1$1 H, onpep,enReMaR H3 STOA 38BHCHMOCTH ,Il,JlHHa CB06op,­

HO!'O npo6era HaxO):\HTCR B npep,eJIB.X le ~4T6 • I0-4 CM H xopomo 

cornacyeTcR c peaynbTaToM,_nonyqeHHblM Ha nosep,eHHR napa.MeTpa 

11oAa. McnoJib3YR aHaqeHRe le. , oqeHeHJa paaMephl MHKpoKpHCTMJiof 

).(30 , H3 KOTOphllC CKOMilaHOBaH PbllCJlWB CJIOA. 11oKa3aHO, qTo 3TH 

-4 KpHCTaJIJIHqecKHe o6pasOBaHH$1 TO~HHOR ..... 10 CM npaKTHQeCKH 

HenpocTpeJIHBaeMbl ,Il,JlR M8'AJleHHbllC BTOpH'llHbDC 3JieKTpOHOB, H HX 3MHC· 

CHR H3 PbDCJIOro CJI0$1 MOlKeT npOHCXOAHTb TOJlbKO qepe3 OTKPWThle 

HJlH CKB03HWe nop~. T.e. DO,Il,TBepl!IAaeTC$1 Hawe npeAflOJIO~eHHe 0 

~oM, QTO rrpoqecc YBaa HS pb!XJihlX AH3JieKTPHKOB aHanorHqeH npo4ec­

;..dM paaMHo*eHHR 3JieKTpOHOB B MkiKpOK8.HaJibHOA nnacTHHe (.ivlK!I). 

ii3MepeHbl Ta!OKe OTHomeHHg KaK cpe,IµiHX K03cppHI.\HeHTOB Y.ilOo' TaK H 

HX OTHOCHT8JlbHhllC AHCDepcH'1 p.JUI CJ108B ·~ 0 npH 06Jiyt:1eHHH d H 

,fo - qacTHqaMH. Ana d. - qacTHI.\ AOCTH!'HYThl 3HaQeHH$1 K03cixPHI.\H­

~1-1Ta Y"bdo 60.11ee 103• E. oTP.onr~HHe aT11x Koa~eHTOB ,IVIR ol H 
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..ft - qacTv.4 l TaK HashrnaeMoe c/. 'J - oTtmweHJae J B cpe,I\HeM coc­

TaBl1JIO ct/fa::!' 200. oTV.M DOKasaHO' t!TO 3Ml1TTepbt YB03 tJ:YBCTBl1-

TeJibHbl K MOHl13aIJ,HOHHb!M rroTepBM rrepBHtlHbllC qacTv.4, 11 ,D.9T9KT0pb1 

Ha OCHOBe 3TOPO rrpo4ecca OylJYT o6Jia,u.aTh noporOBblM CBO«CTBOM. 

1iOKa3aHO TalOKe' t!TO 6oJib!I!l19 OTHOCl1T9JihHbl9 qimoKTY~lU/l KOS~· 

eHTa Ylfdo, KOTOpb1M11 onpe,u,eJIHeTCfl aMDJil1Ty,D.Hoe (aHepreT11qecRoe) 

paapewetrne aMHTTepoB YdOo, o6ycJioBJieHbl Bh!COIGIM 3HaqeH!1eM sa­

TpatJ:11BaeMo« SHepr1111 o6paaoBaHHfl OAHOPO BTOp11t!HOPO 3JI9KTpOHa 

nepBoro TIOKOJieHMfl (napbl 3JI9KTPOH-,D.blpKa). ~· 
b TP9Tbe« rJiaBe onHCa.Hbl paapa6oTa.HHble Ha.Ml1 ,JJ.9T9KT0pb1 sa·· 

pl!il\6HHblX qacTH4 Ha OCHOBe Yl:l03 11 v.x OCHOBHble ysJ!bl. B STHX µ,e­

TeKTOpax B KaqecTse ycHJIBT9Jifl BTOpHt!HOPO TOKa, B03Hl1Ka!O~ero B 

4err11 3MHTTepa YB83 npv. npoxOJK,D;eH1111 perHcTpHpyeMo« qacTH4bt, HC­

noJibsosaHa mespoHHM c6opKa 113 µ,syx MHII. B nepsoM Bap11ar1Te ,n,e­

TeKTopa 11cnoJib30BaHa H30XpOHHafl Tpa.HcnopTHpOBKa BTOpHtlliblX 3JI9¥ 

TpoHOB 113 3MMTTepa Y603 Ha MMKPOKa.HaJIJ:.Hhle rrJ!aCTl1Hhl c noMorqhll 

TIOCTORHHOPO MarHHTHoro TIOJ!fl (p11c. I). Bo BTOpOM sapv.aHTe µ,eTeK­

Topa nepeHOC BTOpHtlliblX 3JI9KTpOHOB OCY!l\9CTBJI9H c noMO~bBJ 3JI9K­

TpocTaTHtJ:9CKOPO sepKaJia (pHC. 2). 
,;pv.se,u,eHbl pesyJihTaTbl HCCJI9AOBattv.« pa6otruX xapaKT9pHCTl1K 

3THX ,D.9T9KTOpOB np11 per11cTpaIJ,HH of..- qacTH~ H Tfl)K9JiblX HOHOB. 

IToRasruio, tJ:To ,D.eTeKTOphl YB33 onHCaHHO~ KOHCTPYKI.\HH no CBOHM 

pa6oi:rnM xapaKTepVICTHKaM oco6eHHO nepcneKTHBHbl )J,Jifl HCTIOJih30B8('; 

HHR solspeMRnpoJieTHblX Cl1CTeMax no perv.cTpaD,HH 11 v.,u,eHTH~HKa!J,HH 

Cfu1b;i'..il10H>l311PYIOU\HX' l\OpOTKOTipo6e1KHblX qacTH~. 

b tJ:9TB8pTOW rJiaBe OTIHCaHbl speMflilPOJI9THbt9 CHCT9Mb1 Ha OCHO­

se ,u,eTeKTopos YD:Jo v. npv.seµ,eHhl.pesyJibTaThl anpo611posattv.fl aTHX 

CHCT9M no,D. nyqKQM TR.1K9JiblX. HOHOB 4V1KJ!OTpoHa Y-300 J.LHP 0.V.lfil1 H 

IO 

l 
" 

no,D. BHYTpeHHHM nytJ:KOM aJieKTpoHOB EpesaHcKoro CHHXpoTpoHa • 

BpeMflflpGJI9THhl« cneKTpoMeTp TmiteJiblX 110HOB Ha OCHOBe A9TeK~ 

TOpOB c MarHHTHbIM nepeHOCOM BTOpHliHb!X 3JieKTpOHOB npeAH83HaqeH 

!1.J!R HSMepeHHR 3HeprHH l1 ee pas6poca Bb1B9AeHHoro nyqKa HOHOB. 

BDLJia noKasaHa sosMOlKHOCTb OCYJl\eCTBJieHHR TaKo~ AHarHoCTHKH nyq­

KOB c xopomHM paapemeHHeM Henocpeµ,cTBeHHO so BpeMR nposeµ,eHHR 

3KcnepHM9HTOB. 

BpeM.HnpoJieTHafl CHCTeMa Ha OCHOB9 ,D.eTeKTOpOB c sepKaJihHhlM 

\~ OTpa1KeHl1eM BTOpHtllihlX 3JI9KTpOHOB npe,D.HasHaqeHa AJifl perHcTpaIJ,HH 

H H)J,0HTHq>HK~l1 JierKHX ~parMeHTOB 3JI9KTpoo6pa30B8.HHR Ha .H,IU>ax 

np11 BblCOKHX 3HeprHflX, TipeABapHT0JibHble HCCJieAOBB.HHR noKasaJlll, 

qTo 6naroAaPR xopomeMY speMeHHOMy paspemeHHIO H noporosoMy cso«­

CTBY ,u,eTeKTopoB Y.f:l33 cv.cTeMa cnoco6Ha Ha KopoTKOf.t (0,5 M) npo­

JieTHo« 6ase pas,D.eJili!Th no MaccaM ~parMeHThl B ycJIOBlilHX 6oJibmoro 

( 

~OHa p9JiflTHBlilCTCKHX qaCTli14. .. 
~ saKJIIOqeHHH npHB9A9Hbl OCHOBHb19 pesyJibTaTbl ,D.lilCCepTaIJ,HH: 

I. Cos,D.aHa BhlCOKOBalcyyMHaE aKcnepHMeHTaJihHaH ycTaHOBKa 

AJifl CHCTeMaTMqecKHX HCCJI9,D.OBaHHf.t npo4ecca ynpaBJifl9MOf.t BTOpV!t!­

HOf.t 3JieKTpoHHo« 3MHCCHM (Yl:l03) lil3 pb!XJihlX AHSJieKTpMKOB np11 oelJIY·· 

qeHHH VIX KaK IX-qacTH4aMH,TaK 11 peJ!RTHBl1CTCKHMH 3JieKTpOHaMH. 

2. ,IT..n:R 3MHTTepa Yb33 11s )19 0 c oTHOCHTeJibHo« nJIOTHOCThlO 

0,7% lil 0,35% asMepeHhl pacnpe,D.eJieHlilfl tJ:Hcna 3MHTTVIpOBa.HHblX aJieK­

TpoHOB 11 snepsble TIOK83aHO, t!TO 3Tl1 pacnpeµ,eJieHHR KaK B CJiyqae 

npoxoil\,IJ,eHHR qepe3 HliX cl- qacTlil4, TaK H MliHHMaJihHO HOHH3lilpyio­

IJ\l1X .f - qacTKiJ,, xo_powo onHChlBaJOTCfl pacnpe,D.eJieHlileM llotta. 

3. ~nepBble HSMepeHO OTHomeHHe K031f4lH4H9HTOB BTOpHqHo~ 

aneKTpoHHOf.t 3MliCCHlil AJIR (oµ,HHX lil Tex 1Ke) aMli!TTepoB Y'603 l'.13 

}.{J 0 npv. cCiJiyti:9HHH d - qacTlU\aMlil H peJiflTHBVICTCKHMlil 3J19KTPO· 

T1 

i1 
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Ha.MM. HoJiyqeHo, llTo npH o,zvmaxoBblX ycJioBHRX xoa~4HeHT YBaa 

,q.Jlii al- tlaCTHIJ; npHMepHO B ABeCTM paa npeBOCXOAHT 3HatleHHe R0-

3clxPH4HeHTa AJIH .J- tlaCTHIJ;, T.e. TaK HaahIBaeMOe "d..j)d - OTHO­

meHHe" AJIH YBaa COCTaBJIHeT ,.. 200. OTHM noKaaaHo, qTQ 3MMTT0phl 

YBaa xopomo pearHpy!O'l' Ha HOHH3Hpy!Oll1He cnoco6HOCTH tlaCTHIJ;, H 

AeTeKTOpb! Ha HX OCHOBe 6ypyT o6JI~aTb noporOBhlMH CBOtiCTBa.MH. 

4. IlpoaHB.JIH3HpOBaHO noBeAeHHe OTHOCHTeJibHblX cpeAffeKB8AJ>a­

TH'llHhlX OTKJIOHeHMti G/ii~ pacnpeAeJieHHtt 'llMCJia 3MHTTHpOBaHHblX 

3JieKTpOHOB npH YBOa H IlOKaaaHo, llTO B CJiyqae npoxOJK,D;eH¥.R 

c;l - tlaCTHIJ; HsMepeHHble pacnpeAeJieHMR trncJia 3MHTTHPOBa.HHbOC 

3JieKTpOHOB ~eKBaTHhl ~KTYau;HHM 'llHCJia BTOpHtnihlX 3JieKTpOHOB 

riepsoro IlOKOJieHMR, o6pa30BaHHblX .B phlXJIOM CJioe of.. - tlaCTHIJ;eti. 

OAffaKo aTH aJieKTpOHb! nepsoro noRoJieHH.rr He l'l:BJI.fllOTC.rr [ - aJieK­

TpoHB.MH, H6o HX pacnpeAeJieHHe CYill0CTB8HHO OTJIHtlaeTCJ'I: OT Dyac­

COHOBCKOro. Kax B03MO~ M0XaHH3M OTKJIOHeHMH OT cTaTHCTHKH 

IlyaccoHa ,JVIl'I: 3JiexTpoHOB nepsoro noKoJieHM.rr, pacCMoTpeH npou;ecc 

HX o6pasOBaHHH sa CtleT A.l'JCCHilau;HH 3HeprHH cf'_ 3JieKTpoHOB. 

5. MsMepeHli SHepreTH'llecIG1e cneKTpb! BTOpH'llHblX aJieKTpoHoB 

HS h!O -c IlJIOTHOCTbll 0 '7%. ilOKa3aHO' 'llTO 3MHTTHpye:Mble SJieK­

TpOHbl aHepr.l'lll Ha6HpBJOT ~a AJIHHe cso6oAfforo npo6era sa cqeT.yc­

KopeHHH B ynpaBJimo111eM aJieK'l'pHllecxoM noJie. IloJiyqeHo ycpeAffeHHoe 
- -4 

3HaqeHHe CB060AHOI'O npo6era aJieKTpOHOB B CJIOe ~o ti::!:5·IO (.v'J 

('1,; 

KOTopoe corJiacyeTcl'I: c HssecTHhlMH AaHHhlMH AJIH APYI'VIX nopHCTblX ~­

~HSJieKTpHKOB .IloKasaHo, 'llTO 3MHCCH.rr aJieKTPOHOB 113 o6oeMa phlXJIOI'o ,,' 

A.l'J3Jl0RTpHKa B03MO*Ha TOJibKO npH HaJIH'llHH B cTpyKType C~OR rrpo­

AOJibH:blX HJIH CKB03HblX.IlOp (KaHaJIOB), I'Ae H npoHCXOAHT npH AOCTa­

TOtlHO BhlCOKHX (f >3·1043/CM) aHaqeHH.R:x ITOJIH paaMHO*eHHe BTOPHll­

HWC 3JieKTpOHOB. 

IZ 

-~~~~~~~~~~~~~~~~~~ 

o- l)nepBb!e ou;eHeHo SHaqeHMe 3Heprm!: Q. , aaTpatlHsaeMoti 

nepsHtlHoti tlaCTHu;ea Ha o6paaosaHHe OAHOro aJieKTpoHa nepsoro no­

KoJieHHa B phlXJIHX: A.l'J3JieKTpHKa.x .IlOJiyq0HO' 'llTO 3HaqeHHe e. AJlSi 

10 npH6JIH3HTeJibHO Ha IlOPMOK npeBhllUaeT aHaJ.IOI'HtlffY!O seJUNHHy 

AJia I'a30B (aHeprHa o6paaOBaliHJl: napb! HOHOB) H HSXOAHTCii B npe­

AeJiax 0,15~0,5 Kail. IloKaaaHo,llTO IIJioxoe a.MnJIHTyAffoe (attepreTH­

qecxoe) paapeme1me SMHTTepos YBao o6yCJioBJieHo Bb!COKHM aHaqe­

HHeM Q_ • 
~ ?. Paapa6oTaHH H coaAaHH AeTeKTOPb! HOHH3Hpymiqruc: qacTHIJ; 

« 

Ha OCHOBe YBaa c perHCTp~ea BTOpH'llHblK SJieKTpoHOB MHKpOKa.HaJI~­

Hl>ll\4H nJiaCTHHBMH (MHil). B STHX AeTeKTopax OCYillSCTBJieH HsoxpoHHbtl 

nepeHoc BTOpHllHhllt aJieKTpOHOB o'l'.aMHT'l'epa YBaa Ha MHIT (s O.IJ.HOM 

sapHaHTe - nocTOJUIHhlM MarHHT~ noJieM, li' B APYI'OM - c noMOlllbJl 

3JieKTpOcTaTH'lleCKOI'O sepRaJI8.): .vrccJieAOBa.Hli pa6otlHe xapaKTepHC'l'HJ''' 

RH 3THX AeTeKTopoB npH perHC'l'pall;HM of.. - llaC'l'.l'!IJ; H TSDKeJih!X HOHOB. 

IloJiyqeHo: a~K'l'HBHOCTb perHcTpa.qHH yKasaHHhlX qacTH~ ""' IOO%; 

co6CTBeHHoe BpeMeHHoe paspemeHHe (TOtlH04Tb H3MepeHHa MOMeHTa 

npoxe»KAeHHa llaC'l'~ : :t 70+00 nc; aMllJIHTyAHoe paapemeHHe AJ!ii 

qacTMIJ; c aHeprHeR I MaB/HYKJI ± 50%; MepTBoe BpeMH 2 MKC npH 
132 +B • 

perHcTp~ HOHOB ~ • 

8. Ha ocHo:e"e AeTeKTopoB Y.Bao c MarHHT~ nepeHocoM BTopH'll­

HbDt aJieKTpOHOB C03A8H BpeM8IlpoJie'l'Hbdt cneK'l'po--eTp TSDlteJllilX HOHOf 

'AJIK onpe~eneHHa aHeprHH-H ee paa6poca Bb!BeAeHHoro nyqKa TSDlteJIHX 

HOHOB Me'l'OAOM HSM8peHHH aHeprHH ynpyro paccef!HHblX HOHOB. Ha 

IJ;HKJioTpoHe Y-300 JlHP OVUili cneKTpoMeTpoM 6b!JIH nposeAeHli HaMepe-
132....,,..,. 'I S6rr .,.3 

HHSi aaeprHH ynpyro pacceilHHJi1X HOHOB .A.<- H r~ 1• noKasa-

ao, tlTO 6Jiar~apa xopomeMy speMeHHoMy pi:.:.i:,iemeHHl'l ( """ 250 nc) 

Ha MaJioR nponeTHoR 6ase (,.. 50 CM) cneK'l'poMeTp o6ecne'llHBaeT He-

,II ... 
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nJioxoe aHepreT11qecxoe paapemeHHe t I,5% ,D.JIR HOHOB c aHeprHeti 

,D,O 5 iuaB/eyM. IloxaaaHo TaIOKe 'qTo HCnOJlb30BaHlililA MeTO,D, CYII!e­

CTBeHHo He BJIHReT Ha TOtniOCTb onpe,D,~eHHR aHep~HH nyqxa H no-

3 BOJIHeT OCYII!eCTBJIHTb ee KOHTpOJib B npo~ecce npoBe,D,eHHg 3Kcne­

pHMeHTOB. 

9. C03,D,8.H8 BpeMRDPOJieTHaR CHCTeMa Ha OCHOBe ,D,eTeKTOpOB 

Jda~ c aepKaJibHhlM OTpBilteHHeM BTOpH'llHb!X 3J1eKTpoHOB, npe,D,HaaHa­

qeHHaR AJIR H,D,eHTH~K~H nerKKX ~parMeHTOB,o6paaoBaHHblX npH 

B38HMO,D,eacTBHH 3JieKTpOHOB C 3HeprHeti 4,5 I'aB C JJAPB.MH. P.Ilpo6H('"' 

pOBaHHe CHCTeMbl Ha BHyTpeHHeM DyqKe EpeBaHCROro 3JieKTpOHHoro 

CHHXpOTpoHa YKa3aJIO Ha B03MOlKHOCTb HCDOJib30Ba.HHR ,D,eTeKTOpOB 

Yo:d3 B HaMepeHH.RX Maccosoro pacnpe,D,eJieHHR ~parMeHTOB, o6paso­

BaHHbllC Ha fiAPax B ycJIOBH.flX 6oJibworo ~oHa peJIRTHBHCTCKHX qacT~. 

h3 "npo,u,eJiaHHOti pa60TbZ MOJKHO C,D,eJiaTb CJie,D,Yll!IIHe Bh!BO,D,bl: 

I. ilpo~ecc ycHJieHHR aJieKTp11qecK11M noJieM aJieKTpoHHoti 3MHC­

CHH H3 pblXJiblX ,lJ,H3JleKTPHKOB npoHCXO,lJ,HT B OCHOBHOM B npO,D,OJIHblX 

H (ltLIIH) CKB03HblX nopax, T.e. 3MHTTep YBaa RBJIReTcg aHaJioroM 

MHKpOKaHaJibHOa nJiaCTHHbl (liJBII). 3 OTJIHq:Ke OT MKIJ 3MHTTep YJ3a3 

HMeeT HeperyJIRpHy!O CTpyKTypy nop (KaHaJIOB) H CO,D,e:plltHT no TOJI­

ll\HHe Ha ,D,Ba nop.f{,I\Ka MeHbWe Be~eCTBa. HeCMOTpg Ha OTHOCHTSJibHO 

HH3KHti Koa~eHT ycHJieHHR no cpasHeHHll c MK11, S.MHTTep Y.Baa 

o6JI~aeT BbICOKOH 3~KTHBHOCTb~ perHCTp~H aapR11teHHbllC qac~. 

2 .. Paspa6oTaHHble Ha OCHOBe HCCJie,D,OBaHHblX HB.MH SMHTTepoB(' , 

Yba3, ,n;eTeKTOpbI, 6Jiaro,n;apa CBOHM pa6ollHM xapaKTepHCTHKaM,npe,D,..:~ 

~TaBJIRIOTCR oco6eHHO nepcneKTHBHhlMH ,lJ,JlR HCilOJib30BaHHR BO BpeMg­

npoJieTHbIX cneKTPOMeTpax npH perHCTp~H H H,D,eHTH~HK~H CHJibHO­

H OHH311PYJOll\IDC KOpOTKonpo<:SeJKHJiX qacT~, r,[\e HSBeCTHble ,D,O H8CTO­

n;;,ero Bpe?t.eHM ,[\eTeKTOpbl MSJI03q'ipeKTHBHbI, 

14 
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PHc. I. CxeMaTHqecxoe Hao<:SpalleHHe ,n;eTeKTopa 

Y.Baa c Ma.I'HHTHW4 nepeHOCOM BTOpH'llHblX 

aneKTpoHoB: I - aMHTTep YBaa; 2 - MHiqJo­

KaHa.JibHbte nJiacTHHhI; 3 - TOpM03Jilq8R ceT­

Ka; 4 - KOaKCHaJI~ aHO,D,; 5 - DOCTORH­

Hblf:t MaI'HHT; 6 - KOJIJIHMa.TOp BTOpH1lHb!X 

3JI9KTpOHOB. 

15 



----,----

_ u3.! 

U11KO 

•t 
12 M 

1 

PHc. 2. CxeuaTHqecKHa ~ AeTeK'l'opa YBa3 c 

aepKaJibHl>lM OTpallteHMeM BTOPfftmhlX 3JieK­

TpOHOB: I - MHKpOKa.Ha.JIE>Hhle II.IIacTHHbt; 

2 - TOJ>MOa.RII(a.sr ceTKa; 3 - ycKOP.fDOI!laH 

CeTxa 0MHTTepa YBaa; 4 - 0MHTTep YBaa; 
5 - aJieKTpocTaTHqecxoe sepxaJio; 6 - KO 

aKCHaJibHhltl a.HOA c BOXHOBJllM conpOTHBJie-

(')· 

HHeM 50 OM; U111cn - Hanpnll\:eHHe nHTa-( 

HH.fl c<SopKH MmI; ~ - HanpmteHHe !l'A-

TaHHJi CHCTeMb! 3MHTTep YBaa - aepKBJIO. 

I6 

--
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