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PaccMaTp111BaDTCH B03MOEHOCT111 per111cTpau111111 111 1113Mepeu111H aHepr111M 

38PHE8HHblX qaCTlllU npH IlOMOml'l ~eTeKTOpOB 1113 TOHKHX 'Al'l3Jl8KTplllqec­

KIDC TIJieHOK I< c e Ill CsJ . On111C8Hbl H8KOTOpble KOHCTPYKUllllll 'A8TeK­
TOPOB. 

" 

MaMepeHl'!e 3Heprl'llll peJIHTl'!Bl'lCTCKHX qaCTl'lU HBJIHeTCH O~HlllM 1'13 BaE­

HeRruHx BOilpOCOB B ~1'13111K6 BblCOKIDC 3Hepr111~. 
CymecTByDmlllH 6'AlllHCTBeHHbl~ MeTO'A 1'13MepeHHfl CKOPOCTeH aapHEeHHblX 

peJJHTl'!Bl'!CTCKHX qaCTHU' MeTO'A qepeHKOBCKOrO 1'!3JJyqeHl'lfl' CTaHOBlllTCH 

TPY'AHO np1i1MeHHwu yEe npH o/mc2 > 100 

CoopymeHl'!e KpynHhlx ycKOPHTeneR Ha cBepXBblCOKHe atteprl'll'l cTaBl'!T 

Ha noBeCTKy 'AHR llOl'!CKl'l HOBh!X MeTO'AOB H3MepeHl/IH 3Hepr111111 peJJHTl'!BlllCT-

CKIDC qaCTHU. rr 7 
B I959 rO'AJ rap1116HHOM r.M. ~ - 6una npe'ACKa3aHa npl'!BJieKaTeJJ:&HaH 

B03MOMHOCT:& 1'!3MepeHIDI CKOPOCTlll peJIHTlllBHCTCKHX qaCTHU. 

B HaCTOHmee BpeMH TBep'AO ycTaHOBJieHo, qTo l'lOHl'!3aUl'lOHHble noTepl'! 

aaeprl'll'l qaCTHU B cpaBHl'!TeJI:&HO TOJICTblX CJIOHX BemecTBa HaXO;!l?.TCH B 

xopomeM cornacl'!I'! c TeopHeR EeTe-Enoxa c yqeToM nonapl'!aauHH Beme -

CTBa. Ha pl'lc.I npl'!Be~eHa aaBHCl'!MOCT:& noTep:& 3HeprHI'! 3JJeKTPOHOB OT 

HMIIyJJDca B noJIHCTl'!pone.cornacHo ~opizyne EeTe-Ettoxa c yqeToM aiM"JeK­

Ta noJIHpHaau~rn. Ma pHc. I BH'AHO, qTo npl'! aHaqeHIDIX E/mc2> 3 noTe­
PH aaeprHH He aaBl'!CHT OT cKopocTH qacTHIUl. TaKoe noBe'AeHl'!e HOHH -

aauHOHHblX no Tep:& 3HeprHM. Il03BOJIH.eT l'!C TIOJI:&30B8T:& 3TOT MeTO'A 'AJ!ff 

1'!3Mepemm 3Heprl'!l'! qaCTHU TOJI:&ltO 'AO £/{,,cz < / . 
I'.M.I'apl'l6!iH TeOpeTl'!qecKl/I HCCJl8,!1,0BaJI 11101111138UlllOHHble IlOTeplll 3Hl :0-

~111111 peJI!iTlllBlllCTCKlllX qaCTlllU, TIPOXO'AffmIDC qepea nJiaCTl'!HKy, noMemeHHYD 

B BaKyyM' Ill 06Hapyllti!JI' qTQ npl'! TOJJIQl'!He TIJJaCTlllHKlll d .MeH:i:.UJe HeKO -
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Topotl KPHTHqecKOtl TOJimHHbl dKp • IlOTepH 3HeprHH He BhlXO,nHT Ha nna­
TO, a norapPIWMHqeCKPI paCTYT c POCTOM PIMIIyJI.DCa qacT~hl. 

r;zie 

d _ 2cQ (/J -&' 'J 
Kp- ~Len ¥1-p2 fl. - 2 

G = 'tn'!._'!
2 

-nRasMeHHaH qacToTa, 

.Q. -qacTOTa, Ha'iPIHaH c KOTopotl 

PIMeeT Mec TO E(iw)= f+ ~ , L W«. fl= c - CKOpOCT.b qaCTH[\bl B e,nPIHHQax CKOPOCTPI CBeTa 
Ilosxe B CBOPIX pa6oTax A.rrHXaHHH PI ,npyrPieL2J 3KCnepID1eHTaJl.DHO 

no,nTBep,nPIJlPI OTCJTCTBPie ~eKTa IlJIOTHOCTPI B nJiiiHKax IIOJIPICTPIPOJla ,, 
I 

Pesyn.0TaT1:1 3TPIX onblTOB np;rne,neHN Ha p11c.2, r.ne no oc11 op;zurnaT oTnc 

lK8HO OTHOlli8Hl'le BeJIHqPIHN ~ 3KCnepPIM8HTaJI.DHOro SHaqeHKH noTep.o 

3Hepr1rn K COOTBeTCTBYD.tl TeopeT11Jqec1rnt1 B8JIPI'il1He 0 ' Bb!t!HCJieH­
HOtl IlO WOpMyJie EeTe-EJIOXa 6es yqeTa 3~8KTa ITJIOTHOCTH. 

HaJIK11 1<1e saBl'JCIUlOCTK noTep.o 3Heprl'll'l OT CKOpOCTPI qaCT11U . ll03BOJIH­

eT RCil0Jl.b30BaT.D 3TOT aitxI1eKT ,nJIH PISMepeHl'JH CKOPOCTK qaCTPIU B KpaJ.1-
He peJIHTl'JBPICTCKOti o6naCTPI. 

IloslKe I'apBl'lHblM PI ,np. r4J 61rna t'ISMepeHa BTOpPiqHaH 3Jl8KTPOHHaH 

3MPICCl1Ifl 31\lPITTepOB l'l3 pblXJihIX IlJieHOK /{Ce Ilpl'I IlpOXOlK,neHPill nyqKa 

aneKTPOHOB c attepr11eti IOO-IOOO MaB. 8T11 aMtiITTephl 11Men11 cJie.ny~myn 

CT pyKTy py. Ha no,nJJOlKKY 113 n f 2 03 TOJl!llllHOJ.1 300+I000 fi HaHOCllT­

CH npOBO,nHU\lltl CJJO tl fie TOJJmPIHOtl HeCKOJI.DKO COT attrcTpeM. Co CTO­

POHhr npoBOllflU\ero CJJOH Ha 3TY IlJJeHey HaHOCllTCII nopl'lCTb!ti CJ!Otl !{Cf! 
( PIJill CS J ) C TIJJOTHOCT:bD 2+4% OT HOpMaJJ.DHOti l1I TOJJU\l1HOH 20+ 30MK. 
llaBHO 6h1Jl0 06HapylKeHO [?_' • qTo TaKafl CTpyKTypa IlPVI npoxOlK:l(emrn . . 
qeoe3 Hee aJieKTPOHOB c aHepr11eti I-IO KaB .naeT aHoMan.otto 6on.omoU 

KO~l1Ul1eHT BTOp!.it!HOH 3!H'ICCPil'l, o~ IO+IOO. Vl3B8CTHO, 'iTO ,nJIII no­
JJyqemm aHOMaJI.DHOH 3Ml1CCPI'1 IlOBepXHOCT.b CJlOH I< Ce ;IJ;OJ!lKHa 38pfl­

,ll;l1T.DCfl TIOJ!OlKJ.iTeJI.DHblM aapH,nOM OTHOCPITeJJ.DHO npOBO,ll;HU\ero CJ!Ofl. 

Pe3yJil>TaTbl aTruc 11sMepem1£1 noKa3aJJ11, qTo KOSWcI>HUl!eH'.i.· BTOPHqHOtl. 

3JieKTPOHl!OH 3MPICCllll JIOrap11wMHqec1rn p.t;.CTeT c POCTOM 3Heprl1Ili npo­
XO.ll:Hml1X aJieKTpoHoB B xoporneM cornac11v. c cpopMynotl EeTe-E~oxa 6e3 

yqeTa atfxjleKTa nnoTHOCTPI. BTophlM BalKHb!M peay JI I>Ta ToM 3TllX t'3Mepe­

Hl!t! flBJifleTCH TO, qTO Be JI IDIPIHa K03~11u11eHTa BTOPPI4l!Otl 3MllCC llll 

rSpl!n-5 B OTJ111qlil1J OT 06bI 'iHhlX BemecTB , r,ll;e JpM - D, OI. 
TaKoe 60JI.DilJOe q11cJIO 3MlllTT>!:py e llh1X 113 TIJlElHKI! 3JleKTPOHOB Ha O;zIHY 

npoXO,nHUW~ 6b1CTPYD qaCTllUY .naeT OCHOBaH PIC .nyMaTI> , qTo peJIHTllBHCT-
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CKl!t! pOCT IlOTep.o 3HeprHll B IlJieHKaX MOEeT 6blT.b l!CTIOJI.b30BaH ;IJ;Jlf! H3-

MepeHPIH 3Hepr1111 peJIHTllBl'ICTCKl'IX qacT~. 

HCHO, qTo ;IJ;Jlf! KOJ!Hq8CTBeHHhlX H3Mepeamt, He06XO,ll;ID.IO l!CilOJib30 -

BaT.D 60JJbmoe q11cJIO IlJleHOK, nocne;zioBaTeJIDHO paCTIOJIOEeHHhlX no IIyTH 
6h!CTpotl qaCTHlU>I, II perl'lCTplllpoBaT:b cyMMapHoe qJIICJIO BTOpffqHh!X 3XeK­

TPOHOB. Ilp!! 3TOM cymecTBeHHO, qT06hl BTOPHqHb!e 3JleKTpOHbl 113 JlD6oro 

3MllTTepa npoxo;n;HJim qepe3 nocJie~nm11e ;u11ao.zu,i 6ea ycl!JleHl!H. 8To 06-
CTOHTeJll>CTBO coa;ziaeT 3KcnepllIMeHTaJl.DHble TPY.UHOCTJII. 

Hi!lKe IlpllBO,ll;l'JTCH OillllCaH11e Tpex ,ll;eTeKTOpOB, pa3pa6aTh!BaeMHX HaMH. 

I. neTeKTOp CKB03HOrO Tllna 

Ha pwc.3 np11Be;ueHo 11ao6palKeH11e ;n;eTeKTopa cKB03Horo TPina, coc­
TaBJieHHoro lll3 Ha6opa 3MllTTepoB (I), cxeMaTPI'iHO npe,ncTaBJleHHblX Ha 

pl!C .4. 

qaCTllUa npoXO;lllllT qepe3 ;zieTeKTOp B HanpaBJieHlllll, yKa3aHHOM CTpeJI­

KOtl. 8JJeKTpOHbl, odpa30BaHHble qaCTllUetl B KaJK,ll;OM 3MlllTTepe, ycKOpfl­

DTCH 3JieKTpPiqecKHM IlOJieM, coa,naBaeMb!M MelK.ny 3MllTTepaMPI, H npoBO­

,nHTCII CKB03.b IlOCJie.nyDllllle 3MPITTe~b! Ha BblXO,ll; CliCTeMbl, r.ue llX q11CJIO 
1!3MepHeTCH JIPI60 nonynpOBO,ll;HllKOBhlM ;zieTeKTOP OM PI3JlyqeHllfl. JI1160 3JleK­

TPOHHblM YMHOlKlllTeJieM. 3apfl;n;Ka nJieHOK B ;n;aHHOM CJ!yqae npOlll3BO,ll;PITC H 

ane1<TpoHaM11 c WOTOKaTo,na cjl. IloToK WoTOaJie1'T POHOB ycKopHeT,Cfl aJieK· 
Tp11'ieCKlll1' nonelA PI npoBO;il PITCfl qe pes CliCTeMy 3MPITTepoB BCJle;n;c TR>ie 

BTOpllqHotl 3MPICC1111l noBepxHOCTll 3MlllTTepos , TIOCJie,ll;Hl1e sapHEaDTCH no-

JlOlKlllTeJII>Hb!M noTeHulllaJlOM OTHOCPITeJI:OHO npoBO,nHUlCI'O CJIO fl . ' ' 
'.J, 

QqeBH.UHO. 'iTO ;IJ;JIH 3tpcJ>eKTl1Bl!O ii padOTl;l Bc ex 3Ml1ITT e]10 ll " liX 'O;ili<!-
HaKOBOI'O BKJia ;n;a B IlOJIHOe q11ICJIO 3JleKTpOH OB ~a BblX::>~e ( 'iTO fl UJifl eTC fl 

QqeH:b cy1r~<:)CTB8HHbl!t. BonpocoM) He o6xo;n111.10 . l.lTOdbt Koarpt1J11u11e!' '1' l:i'l' O­

PH'iHOi1 3MllC C1ilri cf ;IJ;JlH BTOpliqHblX 3Jle KT pOHOh 6blJI pa BeH e.umrnue. 

lleiilCTBJIITeJII>HO. np!t! 0 < I dy .nyT ,na BaTl> Bl<Jl8,ll. TOJII>KO nepBble SMVIT­

Tephr' 11 Ha::>CiopoT' np11 c5 ;;.- I o6p830Bal!Hble RTOp11It{H!:J8 3JieKTPOHbl Ciy­
.nJT nornomaTbCfl B nocne;zyr:Junu 3tHlTTe pax . h padoqeM pearnMe , Kor­

.na cS =I, 3M l1C Cll!OHHafl c noc oCiHOCTh 3M'HTT Cya lJJJH Bb!COKO::Jl!eprlll'iHOii 

t[8C'l' lll.\hl 6 pen .D.OJllitHa 6b!Th B03MOlKHO 60JJI> Illei.\. . G ,>i,py roi1 CT OPOHbl. Tiplll 
aapH;n;Ke 3MPITTepon l{JlH KaJK,notl riJleHKVI .n:omrno Bbl ilOJl HHTiiCH yCJIOlll!e 

6 > I. To eCTh He06XO,ll;l1MO llMeT I> B03UO~HOC Tl> pe r yJilllpOBaTl> K03cI><JlPI­

Ul'l81!T BTOpl14HOl\ 3MllCC'Hll ,ll;Jlfl In13K03Hep 'l!lfHbJX 3Jle K'fPOHOB TaK,'iTOdhl 
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nplll 11 3apf!;nKe" n11eHoK 6bl110 o > I, a nplll pa6oTe npl'l6opa KaK ;z\eTeit­
Topa 0 =I. Ilplll STOM IlOTeHUJ/laJ! 3apf!;z\Klll n118HOK He ;z\OJ!lKeH lll3MeHf!U-
~H , IlOTOMY llTO fJpPn 3aBlllCJ/IT OT IlOTeHUlllaJia aapf!;z\Klll. 

B npe]lnaraeMoM nplll6ope ynpaBJieHllle BeJil'llllllHOJ.i ROS!liiPlllUllleHTa BTO­
PlllllHOi1 SMlllCC Hl'l o npolllSBOJllllTCH c noMOJJU>D ceTRlll 2. PaaHocn 110TeH­
~llla11a 3MlllTTep-ceTKa Vc onpe;z\eJif!eT cTeneHI> 3apRJ1Klll SMlllTTepa ,noa­
TO!KY OHa ;z\OJ!litHa Bcer;n;a OCTaBaTI>Cf! TIOC TOf!HHOi1 lll COOTBeTCTBOBaTI> 
i.1aJtc1mvMy £ , a noTeHUlllaJI ceTita-m.n1TTep UK onpe;ne11f!eT aHeprim ••U•J pen 

BTOpIBIHblX sJieKTPOHOB, UH >">" Ve . 
Ha plllc.5 IlplllBe;neHa 3aBlllC \llMOCT» & OT 3Heprllllll SJieKTPOHOB \.v'e 

Ilplll pa3HblX Vc ;D;Jlil TIJI8HKlll I< Ce TOJll!llllHOJ.i 20 MK IlJIOTHOCT»D 3%. 
1113 plllcyHKa Blll;z\Ho , 11To HMeeTCH onpe;ne11eHHoe 3HatieHllle UK= !1Kpur 
nplll KOTOPOM 0 =I, IlOSTOMy, ycTaHaBJilllBaf! UK> ut<, H UH=lll(; 
Mb! 6y]leM l1MeT:&' COOTBeTCTBeHHO' & > I ( aapH;z\Ka) lll 8 =I (pa6o­
qfil1 peJKm.i). :L\Jifl ;n;aHHo ro c11y11af! V, ;::200 B lll l/ =31rn. 

C Kf 

qHCJ!O 3MHTTepoB B O;z\HOM ;n;eTeKTOpe, B OCHOBHOM,orpaHIBittBaeTCF. 

BeJ!l1'!HHOi1 HanpHlKeHlllH u "P ' Ta K Kalt B CJiytiae 60JI:bll!Oro 3Ha'!eHfut 
l!"P , ClllJII>HO pacTeT nonaoe HanpHJKeHllle, nplllKna;n;b!BaeMoe K nplll6opy. 

B HailleM CJiy'!ae npaKTIBI8CKlll nerKo lllCilOJ!l>30BaTb 20 TIJ!eHOK Kc e 
( LI. =60 KBJ. ~cc11e;n;oBaHl11H IlOKa3aJilll, '!TO B03MOJKHO yMeH»illl'!Tl> nonu u ;no I KB.' llTO CHJ!:bHO yBeJ!lll:'IlllT ;z\OTiyCTHMOe '!HCJ!O TIJ!eHOK B 

Kp 
;n;eTeKTOpe. 

Om1cattttb1J.i np>16op, co]lepJKallllllJ.i Tp>1 m1eHKH, 61i1JI >1CTib!TaH .. c noMOJJU>D 
HCTO'!Hmta J., -qaCTl'!U' nplllll8M 6blJI ocy111ecTBJieH pel!CJ.U.! I nplll KOTOpOM 

c5 > I, a TaKJKe pelKlllM ~ = I. Ilplll 3TOM cTeneHI> aapf!;l\Klll nneHirn co­
OTBeTCTBOBaJia Ma1tcinMaJ!l>HOMY 3Ha11emoo Of'Pn .BTOPVi'!Hb!e aJieKTPOHb! 
Ha Bb!XO;l\8 perl'ICTpttpoBaJilllC» c TIOMOil\bll no11ynpoBO;D;HlllKOBOro ;neTeitTO­
pa lll3J!Y'!8H!1H. 

2 • .i'\eTeitTop JKaJII03lll~Horo Tlllna 

Ha pl'!c .6 nplllBo;n;HTCff cxeMaTHtiecKoe 1t1ao6pall!eHHe ;neTeitTopa l!taJIXJ-
3H~Horo Tlllna, KOTOpbl~ HaxO;z\lllTCf! B CTa;l\Hlll npoeKTttpoBaH11H. 

B STOM ;neT6KTOpe SMlllTTepb! lll3rOTOBJIHDTCH B Blll;D;6 maJID3lll, IlPlll116M 
pb!XJ!b!H CJIOH HaXO;z\HTCff co CTOPOHbl HaJieTB.KlmeH qacTHUb! Ha TOHKOJ.i Me­
TaJIJ!HlleCKOJ.i IlO;z\JIOl!tKe ( - IO MK.). 3apH;n;Ka IlOBepXHOCTeJ.i SMHTTe­
POB rrpOlll3BOJ1lllTCH c noMOllll>D a11e1tTpOHOB He6oJI»llllllX aneprrtli nocpe;n;-
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CTBOM I/IX paccef!HIIB Ha IlOBepXHOCTf!X 3MHTTepoB. 
Pa6oTa ;z\eTeKTopa nplll 3ara;n!Ce no]lo6na pa6oTe ~oToyuaoxlllTeJif! 

THna 11 JCaJID3lll11 • IlocJie 3apH;D;Klll ~OTOKaTo;n; BblKJ!DllaeTCf!. 
B ]laHHOK nplll6ope Ta!Ol!e Heo6xo;z\HMO m.ieT» ~ =I npH lll3MepeHllllll 

aHeprHH qacTHU 111 d:: I npl! "sapf!;n;Ke". YcTaHOBJieHine cooTBeTCTBYD­
lllHX peEllll!OB npo1!3BO;z\~TCH c IlOMOJJU>D ceTKlll 2. (no;n;o6HO BblllieOnHCaH­
HOMY cnoco6y). TaK KaK B TaKOH ClllCTeMe TIOTOK SJieKTPOHOB npOBO;D;HT­
Cfl Ha BblXO;n; He CKB03h SMlllTTepbl, TO HanpHEeHllle Ha KaCKa;z\e CHJ!l>HO 
yueHI>maeTCH, BCJie;llCTBHe qero lllM68TCH B03MOXHOCT» pa6oTaTI> nplll 
OlleHI> 60JII>lliOM KOJ!:m!eCTBe KaCKa;.oB . (Hanpf!Eenllle Ha KaCKa;n; ...... 50 B) . 
fpyrl!M npelllJo!Y~eCTBOM 3TOH CHCTeMbl f!BJ!f!eTCH TO~llTO B He~ OTCYTCT­
BYJl"l TOHKllle TIO;D;J!Oll[KJ/I H3 flf 203 

06cyllt;n;eHHe 

BBH;n;y TOrO,'C!TO 3aBlllCIDIOCTI> TIOT6Ph SHeprHlll OT CKOPOCTlll qacT~n 
f!BJ!HeTCfl 11orapH~M1NeCKOH, BOnpOCbl IlPHPOllb! 3MHTTHPOBaHHblX H3 CJIOH 
::meKTPOHOB lll BOnpoc IPJ!yKTyaurut 3MJ/ICCHlll HMeDT qpe3BblllaHHO Bal!tHOe 
3HSlleHHe. Ilocxe;z\HHH T6CH0 CBH3aH c lllllCJIOJl 3MlllTTepoB B ;n;eTeKTOpe . 

Heo6xo;n;lllMOe 'C!HCJIO IIJieHOK B ;n;eTeKTOpe onpe;n;eJifleTCH H3 Tpe6yeMOH 
TOllHOCTH HaueIJ:gHHH no1'ep» sHeprHH qacTlllULJ~ Ecm1 npe;n;nonaraTI>,'C!TO 
nonyqeHHOe B 41 3HalleHHe Koaqiqi111n1t1eHTa BTOPlllllHO~ 3MHCCHH 6p~n ~ 5 
COOTBeTCTByeT Bbl6HBaHHD 1113 CJ!Of! lllCTlllHHO BTOPHllHblX axeKTpOHOB, T.e . 
Bee Bb!XOllf!lllHe H3 CJ!Of! 3Jl6KTPOHbl f!BJ!HllTCf! npo;n;yKTSKH Henocpe;z\CTBeH­
HOro B3amio;n;eMCTBJ/lf! c nepBlllllHOtt qaCTlllU8H, a He npo;n;yKTaMlll pa3MHO­
xeHHH BTOPlll'C!HblX axeKTPOHOB B nJieHKet TO ;D;J!H paa;n;eJieHJi!H K-Me30HOB 
OT npoTOHOB npH wmynI>ce ~m - IO ~ Heo6xo]IHMO lllMeTI> - 150 

c c 
3MHTTepoB. 

B HaCTOH~ee BpeMf! H6T ;z\OCTOBepHblX CB6;z\8HHH 0 npinpo;ne Bbl6lllTblX 
H3 CJ!Of! SHeKTPOHOB ;n;ruite B 06JiaCTI! 3HeprHH 60M6apJ1lllPYD!llHX 3JieKTpO­
HOB 'A9 IO KSB, r;n;e f!BHeHHe aaouaJihHOH 3KlllCCllllll ;z\OCTaToqHo xopomo 
HCCJie;n;oBaHo. 0TCYTCTBYDT TaKEe ;n;aHHble no l))JryKryaullllll 3Ha'C!eHlllH 
B o6xacTH 6ommJ11X saeprrut. 

HeCOMH8HHO , llTO 3TOT Bonpoc f!BJif!eTCH BeC»Ma lllHTepeCHbllll, KaK c 
TO'qKH apeHH1I Wlll3HKH B3aHJ1o;n;eMcTB!df! peJif!THliHCTCKHX qacTHI( c Beme­
CTBOM, HaxOllf!l!lWICf! B CH."ll>Hl:lX 3JielCTp:mieCKlllX TIOHHX ( ~ 105 B/Cll)' 
TaK H ;z\Jlf! ~H311IKH MexaHH3Ma aHOMaJII>HOH 3MlllCClllH H B03MOXHOCTeM npaK­
THlle.CKoro RcnonI>aoBamm aToro ynlllKaJII>Horo flBJieHHf! B o6nacTH WH3H-
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KH Bb1COKI4X SHeprHM. PemeHHe STOlt npo6JiellLI Tpe6yeT pneuHaJibHl:lX HC­
cne;zi:oBaHHlt. HaMH npe;zi:nonaraeTCH npOBO;l(HTb STH HCCJie~oBaHHH Ha paa­
pa6aTHBaeMHX ;neTeKTOpax. 

IlpocTaH oueHKa IlOKa3blBaeT, qTO noTepH peJIHTH11HC~CKOlt qaCTHuelt 
8Hepr~rn B CJIOe WC e IIJIOTHOCT:&ll 2+4%, TOJIII(HHOlt 2~30 MK. ;l(OCTa­
TOqJl1il ;!(JIB o6pa30BaHHH ~6 3JieKTPOHOB, H He HCKJ!ilqeHa B03MOXHOCT», 
qTQ HMeHHO 3TH aJieKTPOH1il BHXO;l(HT H3 SMHTTepa. B CallOM He6naro­
npHHTHOM cnyqae MOXeT 6b1Tb TaK, qTO aapH:&eHHaH qaCTHUa o6paayeT B 
npoBO;l(HII(eM CJIOe BTOpHqHble 3JI0KTPOHH, KOTOplie aaTeM paaMHOEalJTCff 
B pb!XJIOM CJIOe ;zi:HaJieKTPHKa no;zi: BJIIDIHHeM aJieKTpHl!eCKoro IlOJill aapa;zi:-

KH. ,llJIH Bbl!ICHeHHH ponH npoBo,lllID.tero cnoff H no;zi:no:&KH Ha Rf 2({ HaMH 

6blJIH npoBe;nel!lil cneuHaJibHlie HCCJie;l(OBaHIDJ. Eb!JIH.HayqeHH SMHCCHOH- -
Hble CBOltCTBa CJIOeB l{f:f 6ea npoBO;l(ffll(ero CJIOH. TaKHe 3MHTTepu no­
JIYtlaJIHCb H8IlblJI0HHeM nopHCTOro CJIOH /IC f Ha MeJIKOCTPYKTypwe ceTKH 
TOJilllHHa o6paayllll(HX ceTKH 6blJia TaKoM, qTo na;ztalJII(He Ha HIOC aJieKTpO­
Hbl nornomaJIHCb. To eCTb B Hrpe yqaCTBOBaJIH TOJlbKO Te aJieKTPOHbl, 
KOTOpble nona;zi:anz B HtleltKH CeTKH. 

Pe3yJibTaTbl ST>'IX H3MepeHHlt np~rne;zi:eHH Ha pHc.7. ~3 pBc.7 BH;l(HO, 
qTo xapaKTepHCTIIBH 3TOlt SMHCCHH COBna;zi:allT c xapaKTepHCTHKaMH 
3MHCCHH SMHTTepoB c npOBO;l(fflllID! CJIOeM (pHc.5). 

PeayJibTaTbl 8THX H3MepeHHlt y6e;ztl'!TeJibHO noKa3HB!UlT t qTO SYHTTJ.1-
pyeMble H3 CJIOH f< Ce aJieKTpOHbl He CBH3aHbl C npOBO;l(HU\HM CJIOeM. 
( 0TJIHqHe B BeJIHqHHe 6 ' no BCelt BepOHTHOCTH, B03HHKaeT Ha-aa 
OTCYTCTBIDI napa3HTHblX noTepb aHeprHH 60M6ap;ztHPYIJlllHX 3JieKTPOHOB B 
IlO;l(JIO~Ke H npoBO;l(HmeM CJioe). 

,llpyrm~ B03MOMHblM MexaHH3MOY aHOMBJ!bHOlt 3MHCCHH MOXeT 6HTb CJie· 
;ztyDIJ.lWi. ~CTHHHO BTOpHqHble aJieKTpOHbl B03HHKaDT B CJioe B MaJIOM KO­
nwi:ecTBe, a aaTeM no;zi: BJIHHHHeM aJieKTpHtleCKoro nona, cyllleCTByDD.te­
ro BHYTPH CJIOH 11r:e1.1a-aa aapH;l(Klt! IlOBepxHOCTH, 3TH 3JieKTPOHbl 
pa3MHOXalJTCH B nofa,x H BHXO;l(HT Ha dMHTTepa. 

TaKoA uexaHH3M npe'AJIOKeH .n~eKo6coM H ~p.f6 1 ;zi:na o6JiacTH MaJIHX 
3HeprH~ nepBHtl:HblX 3JieKTPOHOB~ 

QqeBH~HO, qTo OilHCaHHble 'AeTeKTOp& 6y-,ryT nyqrne pa60T8T» B 06-
JiaCTH uaJiblX aHeprHtl ( ~c < I ) , TaK KaK B aToA o6JiaCTlt! CMbBO 
paCTYT HOHH38Ult!OHHhle IlOTepH aHeprHlt! qaCTHU. 
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neTeKTOp ;zv!H H3KepeHHH KOOp;ztHHaT 
aapHlteHH!iX qacTZU 

He MeHee BaEHOlt aa;zi:aqeA HBJIHeTCH yBeJIHlleHHe TOqHOCTH H3MepeHllill 
KOop;zi:BHaT aapll!:eHHllX qaCTH~. 

CYIJ.leCTBYD~He B H8CTOfi~ee BpeMH cnoco6H Il03BOJIHDT onpe;zi:eJifiTb 
KOOp;zi:HHaT& qaCTZU c TOqHOCTbD O,I+I MK (cpe;l(HeKBa;zi:paTHt{HOe 3Ha­
qeHHe OT MHOrHX ToqeK Ha TpaeKTOPHH) c BpeMeHeM paapemeaHH xyxe, 
qeu O;zi:Ha MHKpoceKyH;zi:a. YBeJIIDieHHe TOqHOCTH H3Mep~Hllill KOOp;l(HHaT 

AaeT B03MOXHOCTb B8MHOro yueHbmHTb paauepH MarHHTHblX cneKTpoue­
TPOB (qTO oqeHb BaXHO B 06JiaCTH BHCOKHX aHeprHlt) H yBeJIHtlHTb an­
nepTypy ycTaHOBKH~ YnyqmeHHe BpeueBHoro paapemeHHH noaBoJIHeT pa-
6oTaTb npH BHCOKKX aarpyaKax, qTo TaKJte,B KOaeqHOM cqeTe, npHBO­
'AHT K yBeJIH118HHll CBeTOCHJili ycTaHOBRH. 

TaK, HanpID&ep, yJiyqmeHHe KOOP'AHHaTaoro paapemeHHH Ha nopa;zi:oK 
~aeT B03MOXHOCTb yMeHbmHTb Bee uarHKTHOro cneKTPOMeTpa B 3 paaa 
npH TOA Xe TOqHOCTH HSMepeHHH HMIJYJibCa. nonyCTHMaH :Ke aarpyaKa 
npauo nponop~HOHaJibHa BpeMeHHOMJ paapemeHHll cqeTt11IBa •. 

HHllte OilHCHBaeTCH HOBlilt ;zi:eTeKTOP ;llJlH H3MepeH'l'lll KOOp;ztHHaT aapa­
xeHHHX qaCTHU. neTeKTOp CXeMaTHtleCKH H306paXeH Ha p!t!c.8. neTeK­
TOp pa6oTaeT cne;zi:yDD.tHM o6paaoM. 3apHJteHHaa qacTzua npoxo;zi:HT qepea 
3Mlt!TTep I, BH6HBaeT H3 Hero BTOpHt{Hble aneKTPOHbl, KOTOpHe ~OKyCH­
PYIJTCH Ha aKpaH 2. Hao6paxeHHe c axpaHa CHHMaeTCH JIH6o ~oTorpa­
~Hl!eCKIDI nyTeM, JIH6o KaKHM-HH6y;l(b ;zi:pyrHM cnoco6oM. ~OKYCHpOBKa 
BTOpHqHHX aJieKTpOHOB npOH3BO;l(HTCH aJieKTPOCTaTHt{eCKHM HJIH uarHHT­
lil>IM MeTO'AOM. 

B KaqecTBe 3MHTTepa I HCilOJ1b3yeTCH PHXJIBH mreHKa H3 wee T01l­
lllHHOa - 25+30 MK IlJIOTHOCTbll 2t4% OT HOpMaJibHOlt.Ha PHC.9 npHBe'Ae­

Ha aaBHCHMOCTb qHCJia SMHTTHPOBBHHblX axe~TSOHOB OT copTa y SHeprHH 
qaCTZU. ( I'pa~HK .aaHMCTBOBaH H3 pa6oTH 5 ). B pa6oTe[4 . B .no­
'A06Hl:lX nJieHKax 6HJIO nonyqeHO 5+7 3JieKTPOHOB Ha O;l(HH npOXO;l(fflllHit 
peJIHTH11HCTCKHA aJieKTPOH (IOOtIOOO MaB).YqHTHBaH BHCOKYIJ qyBCTBH­
TeJibHOCTb COBpeMeHHblX aneKTpOHHOOilTHt{eCK.HX npeo6paaoBaTeneA,MOSHO 
yTBePE'ABT», qTo npe;zi:xaraeMHa ;zi:eTeKTOp 6y'AeT HMeTb BHCOKyD aqxpeK­
THBHOCTb perHCTpa~HH ;l(JIH oq.eHb mupoKoro ;zi:uanaaoHa aHeprHH qac<rH~. 
O~eHKB noKaauBB.llT, qTo KOOP'AHHaTHOe paapeaeaHe ;zi:eTeKTopa He xyxe 
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qeu ±ISJ1K. ~oToKaTO;l( I cnyziT ;l(Jlfl coa~HIDI paBHouepHoro noToKa 
SJl6KTpOHOB npH aapH]U(e SUHTTepa. 

BpeueHHOe paapemeHHe ;l(eTeKTopa onpe;l(enaeTCH :apeueHeu paapeme­
HJ!ff ycTpOACT:Sa C'.Deua HHg/opuan11rn:, TaK KaK SUHTTep npaKTJ1116CKH He 
IDleeT aa;l(ep:t:eK. 

B Hamea na6opaTOPHH B ;l(aHHOe BpeMH H3rOTOBH6HN ;l{Ba ;1(6T6KTOpa 
TaKOro THIIa, O;l(HH c Sll6KTPOCTaTJ1116CKoa g/oKyCHPOBKOA, ,lij)YrOK c 
uarHHTHOA. ~eTeKTOJ:!il perHCTpHpyDT ti. -qacTHIUil~ ToqHoCTD noxanw­
aanira KOOp;l(HHaTH - 50 MK: 

AllTOpH BHpa~aJJT rJJy60KyD 6naro;l(apHOCTD r.M.rapH6HHY H A~n:Aua­
TYHH aa noneaHoe o6cyx;l(eHHe. 
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