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liHTepec K rrpo~eccy ~e~qa K pa9MH~8HHR sneKTpOHOB ~K ynpa~ 

llJ!i!9MO~ BTOpii'II!OJI aneKTpOHHOJI 9MI!CCKK (YB88) I!~ pllX.JIWC .D;I'lMeK­

TpWtOB [I] CMSaH, B OCHOBHOM, C B03MOJKHOCT:b!O C03,wum.H .D;STSRTQ­

pOB KBny'!eHBH Ha OCHOB9 9TOrO RBHSHI!ff. ~0 HaCTO~ero Bp9M9HI! 

'YB<J8 i!CCJie,!{OBMaCL TOJil>KO B CJiyqae, KO~ B pWCJJOM .D;I'laneKTpi!K91 

~cyTcTBomno O,!{HOpo,l(lloe aneKTPH'!ecxoe nOJie. B pa6oTax [2-4] 
;paCCMOTpeHH BOrrpoCH, CBa:SaHHHe C KO~eHTOM YB83, ero CTaTI!­

CTK'!eCKI!MI! ~Ty8111!l1M11, 9Hepr!!eJI BTOpll'll!hll< sneKTPQHOB I! T,,!{. 

P!lx.Jn,[J! .IIl!'MeKTpiiK 9¥HTTepa YB88 pac'cMaTpRBa.!ICJI KaK .!O'!CKPe.THa.<r 

CRCTSMa, COCTORmaH H3 MHKpOCKOITKqSCRHX aneRTpOHHNX YMHO~TSAStt, 

,IJ;I'!IIO,!{OB, pa60TaBJ1111X Ha ~OCTpM , nop, OTKpHTHX C O,l(l!OrO KOHUa, 

ILJlll l!le llX KOM6l!llaUHII. 

B HacTO~ell pa6oTe paccMOTpeH ,!{pellq, 11 pa~MH~eHI!e sneKTpo­

'HoB B p!IXAOM .D;I'lM9KTpi!K9, HaxO~eMCJI •B M9KTPK'!9CKOM nOJie UII­

~R'!9CIJ;O~ 4JoPMH• TaKa.<! Sa.l{a'!a BOSHIIKJia B CBiiSII C COS,!{aHI!eM 

.D;I'lM9KTpR'!eCKOrO ,!{ereKTOpa (~) 'laC~ (5-8] , pa60Ta KOTOpOrO 00: 

'I!OBaHa 1118. llBJ.leHIIII YB8B. 

I. Paeloqee BelllElCTBO ~. COCTOID!lee 119 p~~Xnoro .,!{HM9KTjliiRa 1 

ipaCCMaTpHJ\aeTCJI KaK COBOeynHOCTl> J<aOTII'II!O pacnMOllteHII!lX ,!O!HO,!{OB 
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IIJ?Oli3BOJ!bl!Oll <j>OpMbl, p0Jih KOTOpiDC Blil!OJlli.qJOT MOHO!tpl!CTBJlJ!li .IJAH· 

HOro ~oro BemecTBS. B ITpHCYTCTBliH ·~eKTpH~OCKoro no~ 11]?0-

necc IIJ?Oll<jla ll p83MHO~eHHH ~SKTPOHOB np8HCTa~eTCH ~eHYIDmKM 

o6paaoM. 

1aCTD aHSKTpOHOB, OCTaBnSHllliX nepBHqHO~ qaCTHQS~ B Bemec­

TBS _.JJ;UMSKTpl!Ka, BblXO,I(HT B MeJK,Il;HHO.n;HOS IIpoCTpa.HCTBO, ycxopaeT-

CH TaM non nel!cTBHeM 3J!SRTpH'ti8CROrO n= n IIJ?ll 

CTOJIKIIOBOHHH C HJlHOHaMn BH8HB!l8T BTOPJ!'lHYRl a~9KTp0Hl!YI> SMIICCIID 

(Boo). BHOBJ> o6paSOBaHHHe MOKTpOHH, Ta!OOl YCKOpH9Mii!9 n~eM, 

BgSHBa!OT SMnCCIDD HPYrHX nnHonoB. TaKi!M o6pasoM, IIJ?OXGmHBHne 

s~eKTpOHOB ~epes ~oA PuxxOrO Hl!M8KTpnKa IIJ?8HCT~9TCH KaK 

KaCKaHHilA IIJ?Onecc, Kor;IIIl- 1tMe9T M8CTO B33 ITpH R!ll!HOM aKT8 KaCKa· 

;!Ill-. 

~~epl'ltll MOKTpOHOB KaCKa;IIIl- 38Bl!Cl!T OT Be~m; 11= .B ~Oe 
n oT cpennerc CBOOOHHorc npo6era f.e. B Cltl!Y xeoT!l'lHOCTH pacno-­

JIOJ!teHHH HJIH0)10B, I.e Tpa:l(T19TM KaK Cpe,I~Hee paCCTCiiHH9 M9.'I;IIY 

HBYMJ1. rro~enOl!a .. eJIJ>HHIIII aKraMil KaCKa,lla. II:Hne roBOPJ!, 'lll~o 

HHHOnoB K , no IIY™ =~·.~. onpe,u;eJIHeTM xax K • [ d / L e] , me 

~ - TO~a p=oro ~OJI, a KBa,ll;pa THHe CK06KI! OSHa~ rreJIYil 

qacTJ> oT ~eHHH d 1 L. ~ • 
KoaM>J!HIIeHT BOll HJIHO;IIIl-. (MOHOKJ>I!CTaMa)6M cymecTBeHHo saBH­

,cn OT SHeprllll U IIa,u;alll!l81'0 Ha ero ITOBepXHOCTJ> M8KTpOHa, IlpH 

l!OpMSJI1>HOM !Ia,l\9Hl!H 3aBHCIIMOCTJ> 6M OT U llM88T BllH [9): 

(I) 

1r,n;e ~ H 1T1- ROHCTaHTii, xapaitT9pH3yiOIUH9 3MHCCl1lOHHlil8 CBO:C!CTBa 

BemeCTBa, Ha pl!C,l TO~Ml< HOKaSaHa SKCrrepiiM9HTMJ>HO 1!3M6P6!1HaH 

o38BI!CllMOCTJ>6M OT u.~ Cs:l,KJ>Ylllt8MII - ,WU! KCf.IIyHRTI!p- Jmlllll!­

!MII OrpaHmeHa Ta OMaCTJ>, BHYTpH KOTOpoA JIOlKaT SaBI!CIIMOCTll BC9X• 
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OCTaJll,HIIX l!l!lJIO'IIIOraJ!OJ.\lll!llX MOHOKjlHCTaJJJ!OB [IO] , B 06.JJaCTII SHe\.r 

rm ~ero Ha MOHOKjlltCTaJJJI MeKTpOHa OT U = 250 aB .110 

cooTBeTcTByl!lllell MaltCPJMa.Jll,HOMY anaqeHIIJD 6.., .!II!Jl: CsJ , .f.l "' 0,45 
II m :0,5 II IIOCTOJmlla ,!I}!Jl: MHOI'JIX MaTejlltaJIOB (CIIJ!Oll!HM .lllll!l!H), 

2, PaCCMOTpltM CHCTeMY, COCTOffleylO HS KaTO.IIHOro IjWlJIH,l1pfl :pa­

;n;eyCOM 'L < , ITO OCR KOTOpOro rrpOTJD!yTa TOIIKM aHO.IIHM !IpOBOJ!OKaf 

iPB.III!YCOM 'to. , OKjly>teHHal! Jl!IXJIHM .IIIISJleKTjlltKOM :pa;n;eycoM 't ('l~ ~·'1.) 
8JieKTPOH, SMJITTKpOBalllllill 113 (i-1) - oro .IIIIHO.IIa, OTCTOil!l1ero OT 

!lCl'l !IpOBOJ!OKl'l Ha :paCCTOmJJII! 't • ( i ·1)Le , yCKOpHHCI. 110.11 .IIel!OTBit-

8M uOJIH u npoJieTM p:iCCTOJIHHe L e. , B MOMeHT cToJIRHoBeHIDI c 

- HM .IIIIHO.IIOM rrpi!06peTeT SHeprlllO: 

't- (i-1ll.e 
'l.-iLe ,(2) 

!:'.lie V - piiSHOCTI. IIOTeHUIIaJ!OB MeJir,lzy Ka TO .II OM II aJIO.IIOM, a e -
- SJieMeRTaplllil! aap>m, IIO.IICTaBJim! (2) B (I) Mil KOS@lmzy!eHTa 

Ba3 i - ero .IIIIHO.IIa IIOJIY'IItM! 

.r.•fmv(•1·)·'o <.-(i-1)i.~J"' (3) 6Mi- r.J'l e <n 1o. ~n 'l.'· i 1... , 

o:Jle.IIOBaTeJ!bHO. .!II!Jl: KOa<fxjmJ;IteHTa SMJICC>IIt Gu, Bcero CJIOJt TOJllllltHOll 

't • 'to_ MOllti!O Ha!IItca TI. : 

M: '/M . • mit' I( Z m 6,·~n 6M;=oi.[V•.P (en~· J] fl [£n(1• "-· 't )]. <4> 1•1 Q. 1•1 '- I ~ 

S.IIec:~. ol., Y'lltTIIBaeT rrorJioi!I8Hite :!JieKTpOHOB KaCKa.I~a B CJioe, 

IT, e, OliP8.IIeJIJt8T S\(:qieKTitBHOCTb :pa60TII p!iXJ!OrO .IIIISJieKTjlltKa l'l He 

'aiiBitCitT OT :p!ISHOCTit IIOTeH.IIIIaJ!OB V , .!{eJ!CTBIITeJibHO, B peaJ!bHOM 

'IpOI(ecce .IIPeJ!ifa It :p!ISM!!QllteHIIJt 9Jl8KTpDHOB ., MO!teT I'!MeTI. Jo~eCTO 

tterrOJIHHJ! OT6op MeKTpOHOB SMitCCHit, T0r.11a 'IIWJ!O MeKTpOHOB,y'laCT­

!'YDIUIX B .IIaJ!bHellmeM paSBHTitlt KaCKa.IIa, Orrpe.IIeJIItTCJt He TOJ!bKO SMit¢-
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CHOHHHMR CBoncTBaMH MOHOKPHCT~, HO H KOHKPSTHHMH YCHOBERMK 

OT60pa (g)OpMOil 1'1 B3BI'IMHIIM paCHOJ!OJR8HH8M )li!IIO;IlOB, H8Jll'l'li'!8M sa­

Iqli<THX nop 1'1 T .;n. ) • CJienomTeJII>Ho, 3\1)\i)eKTIIBHOCTI. pa6oTH cJioo of.. 

CKJia)lHBa8TCH 1'13 3\l)g)eKTIIBHOCTeil pa60TH o(A Kali\IIOrO ')li!IIO)la, TaK 

R8.K rrpe,IUIOJIB.I'aSTC$1, "qTO ,WIHO,Il;H s:m.rum'l'CH MOHOltpHCTaJIJia.MB:, TO 

BJiliJIHR8 UOJ!ll Ha K03\lij)I'II:(IIeHT B9o HR'ITOll!liO 1'1 B ope;nHeM d A MOll!liO 

C'!HTaTI. O)lllllaKOBHM ;rr;Ji! BC8X )li'IHO)lOB, 0co6eHHO CI'IJ!I.HO ;nei!CTBI'I8 

HOJ!ll fiPOJiB1l!i8TCH fiPI'l J<80)lHOpo)l!IHX fiOB8pXHOCTID<:, fiPI'I't~M 3Ta He,­

O)lHopO;IlHOCTI. MOllteT HM8T:b pa3Jll'l'li'IYKl fiPKPO;IlY (mepOXOBaTOCTI. no­

BepXHOCTH, Ha.Jm'tU:te OT:KpHTHX nop y _IIOpliCTHX ,D;:miO,IJ;OB, IIOJIS ROH· 

TaKTHOil pa3HOCTH fiOT8HnnaJ!OB, HOJ!8 sapn;nOBOro fiffTHa H T,)l,), 

l!pl'l BHBOne \l)oPMYJW ( 4) opene6peraJiaci. na'ffiJ!I.Ha!'! anepi'I'!J1 

BTOp~oro 9Jl8KTpOHa, 0cHOBaHI'I8M 3TOMY CJiyXHJ!H ;nBa 06CTOHT8J!I.­

cTBa: nepBCe • TO, 'ITO 3Ta 9Hepi'I'!J1 HOpnnKa l-2 sJ3 [II1, Tor­

na RaK ;rr;Ji! OMHCCHI'l c6M>1 He06XO)ll'lM8R 3HeprHH, fiPI'I06peTaeMaH 

BTOpi'I'IHIIM 3Jl8KTpoHOM (npl'! CBOeM YCKOp8HHOM )lBK<eHHH M~ )l)lY­

MR )li!IIO;IlaMH), nOJ!JK!Ia 6EiTI. 60JII.me noTeHnnaJia I!OHI'l3anl'll'l BemecTBa 

)li!IIO)la ( ~ IC sB), BTopoe - STO OTHOCIITeJII.HO CJia6aff SaBI!CHMOCT:b 

M~6M II U (tn= U,5). 

WOpMyJia (4) ITpiiBO)lHTC!I K y;no6HOMy ;rr;Ji! aHaJ!I'lSa II npa!tTI'I't8C­

Iti'!X pac'leToB Bll)lY, fiPI'!H!IB Le f <...«1. IIPII TaKOM yCJIOBHH Jiorapii\I)M 

ITO~ 3HaKbM rrpOH3Be~eHHH MamHO pa3~0~Tb B p~ H OrpaHKqHTbCH 

nepBIIM 'lJ!8HOM paSJIOJRel!l!J'!. lJCJiyqm,o; 

· ('t.-'lQ,.)I.e - m 

{ 
'/m '"" -'] r ('la./ I.e) l 

64"'"' [Vep (en'-._) f\7./L.) J , (5) 

r)(e l\7.~/~.) l! 1(7./ L.) raMMa ljlyHKJJ;I!ll. IJpoJIOrapl!\I)MI'!poBaB (5) 

II SaM8Hl!B tnr(1o.(le) II ~nr(~/Le)CBOI'!MII aCJIMHTOTI!JtaMII (121 , np!t 
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.. {"' [ oL.v e o T...vJ} "''I "'- <:J..,exp ::- Hn -- -1ao n --- , 
L.. 7. '1.<1 

(6) 

'/rr. '! I , 
r;~~eQ=2,72j'.> (fn..;:_r, a V- B!lp!tlt6HO B 8J!6R'l'pOHBOJ!l>TaX, 

lis qxJJlMYJ!H ( 6) CJie.n;yeT: 

A. 6, pacTeT c yMem.melllleM 7.., ,CJie;!IOBaTe.>U.Ho, ~ UOJIY'IellliJl: 

6om.miD: RO~eHTOB BTCjJH'!HOl! 9MI!CCI'!II, Ilpll OCT!lJIDHHX H61t9-

M61111WC DapaMe'l'pax, He06XOJIIIMO, no BOSMOlltHOCTII, YM61!l.mHTI> pa­

JIIIYC aHO;!IHOl! IlpOBOJIORII, 

E. CymecTeyeT OITTIIM8Jil>i!Oe 3Ha'I6Hil6 7.o ( ll<fxiieKTIIBHaH TOJIII!II­

Ha CJioa:), 11p9 ROTOpOMG'I Halt60JIDmee. 

'/m - 7. )_, (7) 
7_ 0 = V fJ L e l fn '1.".. 

Ha pllC.2 IlpllB6;!1eHH paC'I6TIIH6 KpllBH6 SaBIICIIMOCTII 6'1 OT 'Z Ilp9 

pa3Jlll'!liHX 3Ha'I61111Jl:X nOTeHI<KBJJa V IlyrutTKpiiBJi npHMaH COOTBeT­

CTeyeT qxJ]lMYJie ( 7) • 

• 
IloBe)lemte KpllBHX o6.,.cHS:eTCSI CJI9.lJY1lll!llM o6paaou: 11p9 'l :> 'l. 

Hallpllllt6HHOCTD ITOJIII B j)IIXJlOM CJIOe Mel!l.me, a CJle;!IOBaTe.>U.HO,Mel!l.­

me It RO~eHT Jl3S )IHHO;!IOB SToll 06JlaCTII. Ilpit O'lel!l. 6oJlr.mHX 

9Ha'I61111Jl:X 7. , 6 M CTaHOBIITC!I MeHr,me e)IIIBHD;H It pa9MHOli6Hil6 CTa­

HOBIITC!I H6BOSMOlii!HM. Ilpll '!.< 'l.o yM6HDma6TCH 'IIICJIO )IHHO;!IOB B 

IlpOIIIeJIYTR6 (1.-'l.o.) It ROacjX!Im;lleHT 8MIICCilll CJIOH T8llll8 YMelll>mae1'ol.!. 

B. SemrCIIMOcTD 6'~ oT T... Taxoro xe xapaxTepa, Ilpll: 

- v·'r>.·'/"' 1£ 7.. )(~ )"'A/('1.-'to.J 
Leo = ;• 7.\ n 'l... 'l.o. (8) 
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E)~ ITpHHHMaST MaRCHMB.JibHO B03MOlKHOe 3!18.'!8Hl!S. Ha pHC.3 ITpllBS)(e' 
--1 

Ha 3aBJICIIMOCT~ 6 4 OT ~. ITpH pl.31!!lX 3!18.'!8Hl!ilX V . l!yHKTJlpHBli 

JII!Hl!ll: llp0Be)(8!18. B COOTBSTCTBIIII C ( 8) • Cyi!ISCTBOBaHl!e OIITJlM!l.lll.­

HOI'O 3!18.'!elll!lli Leo o6,.cHJteTCJJ CJIS)JJ'J!IIli!M o6PJ.30M: ITpll L.< leo 
yMel!bmaeTCJJ sHeprM, IIPII06peTaeMBH BTOpii'III!IM MeKTpOHOM Ha IIPO· 

MamyTKe M~ )(ByMJJ aKTaMII KaCKa)(a, H KOS~nqoeHT BSS )(HHO)(a 

MO.iKBT cTaT:b MeH:ome e,n:PIHIDUi. ITpn Leo< Le. yMeHl)maeTM KOJilRSCTBO 

)(HHO)(OB B IIPOMam]TKe (<.- 'to.), 'ITO Ta.Klite npllBO)(HT K YMe!!bmeHl!IO 

ycxneHHH Bcero c~oa. 

3. !TOJie IIHJIHH)(pH'<SCKOl! cPo]lMbl peaJIH3yeTC!J B OKOJIOOHO)(HOM 

npocTpaHcTBe )(IISJieKTpH'!eCKoro )(eTeKTopa OUO qacTHII. CJie)(oBa­

TeJI~Ho, cPoPMYJiy (4) MOli!IIO llpHMSHHT~ )(JIH OIIP8)(8Jl8Hil!l K03~Hq08H· 

Ta ycHJieHil!J pa~oqero BSI!ISCTBa .!U\,HaxO)(HIIISI'OC!l BHYTPH 3TOJ! 06Jiac­

TH. 

nJI!J STOI'O HS06XO)(HMO O!IPS)(eJIHTh MaKCIIMattb~ pa)(IIYC 06-

~acTH, BHYTPR KOTOpoa none MOEHO C~TaT:b ~~CKHM. ITOTSH~ 

UlffiJI IIOJI!l lj'(X, ':J) B TO'!Ke tX, ':J 1 pa60'!SI'0 OO'!>SMa .!U\ IIMSST 

BH)( [_r3} 

(9) 

(UeHTp '~OOp~HaTHOH CHCTSMH paCITO~O~eH Ha OCH.aHO~OM ITPOBO~O-

KH, oCb X JISJKHT B ITJ!OCKOCTH aHO,II;HID:: ITpOBOJIOK H rrepiiBH,IJ;Xlcy'Jlffp .. 

Ha IIpOBOJIOKa.M, OCh tj HaTipa.BJISHa nepneH.IJ:HKYJUIPHO a.HO;z:J;HOi'l: 

IIJIOCKOCTI!), r)(e C.«(21n(sh91~ { 5\. 'li;;~Jr~ y)(eJihHBH eMKOCTh aHo)(Holl 

rrpoBOJIOKli, a L , S H 'l.o... - MeJK3JIBKTpoJJ;l:Ulli sasop, mar H pa.­

)(HYC aHO)(HblX IIPOBOJIOK> COOTBSTCTBSHHO. Pa3Jiai'8H (9) B p!I.I(, npH 
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yCJIOBJm, 'ITO !lix / s « 1 l! !li ~/ S << 1 , HeTpyJU!O y6eJUITDCJJ:; 'ITO 

IWI .IU\ c L = 200 MRM ' s = 250 MRM.' '-a.= IO MKM,' c IO% 

TO'IHOCT~ID ITOAe BHyTp!! o6AaCTl! BOKpyr aHO)lHO~ npOBOAOKl! paiT!!Y­

COM'Z.u,= 50 MKM, (1.u,=-X~+ ~~), MOJKHO Cl:Jl'ITaT:o uwnrn.n;pkfq8CIOIM. 

IloTeHD;KM ITMJJ: OMaCTI'l '1." L~ paBeH 'f'('Z) = coost-2(o''ffo'l.,C Ta­

KOil JRe TO'IHOC~ID noJie B o6mcTl! ~. = L -1., = 150 MKM 6y;ueT 

OJU!DpOnHHM C ITOTeHI11'l'WIOM lf(~)=Con•t-C<CoV:J!YjS ('<."" y,_, L.). 
}lJ1JI KpaTKOCTl!, pHXJ!llli CJIOJi TOJ)IIU!HOl! lJ ~ 6y;ue" HaS!IBaT~ "nAOC­

RHM", IDv19.ff BBH;l(y O,IJ;HOpo,nHOCT:O IIOJI.ff B HeM. HS TSX .iKS C006paJite­

Hd CJIOfi pa.1.l;lcyCOM 't U, Ha30B9M 
11 :u;HJIIDI,IqlH'tJ8CrunvJ". 

Tenep:o pa6oTy ;n;eTeKTopa MOJitHO rrpe.n;cTaBvrn cJie.u;,yi<Ir(ID.1 o6pa­

soM. Ilpoxo)VIlliM '!epes .IU\ nepBi!'!llaJ! 'laCTKUa ocTaBAAeT B semecT·­

Be ITJIOCKOrO CJIO.ff onpe.n;eJISHHOe KOJIK'tfSCTBO MSK'rpOHOB HOHH.'38.UID1 

( MSKTpOirn., OCTa.BJle:mnle nepBM't!HO:ti 'tia.Cnrn;e.ti: B IJ;loLJD1UU(pH'ti9CKOM 

cJioe npeae6peraroTCH, TaR RaR xo~ecTBO BemecrBa ~anp:a't!ec­

KOro CJIOJJ: Ha ITOpff)lOK MeKbme BemecTBa ITAOCKOro CAOJJ:), ~CT~ 

3TI'!X MeRTPOHOB MOryT BHJiTl! B MeJRJU!HOJU!Oe npoCTpaHCTBO, YCKO­

pliTDCJJ: TaM 11 KacRBJ!Ho paSMHOl!UlT~CJJ: Mll JRe coBepmH~ npefup. B 

peay~TaTe, Ha BHemHIDID nosepxHOCT~ ~Hilp<'!eCKoro CJIOJl: 6y;ueT 

8MHTTHPOBa.HO OIIpe,n;eJISHliOS KOJIWISCTBO BTOpnm.tX 3JI8KTp0HOB h , 

CO CTOpOHH MOCKOro MOJJ:, Tor;u,a B COO'rBeTCTBl!ll C ( 4) 'll!CJIO 

MeRTPQHOB, co6npaeMHx Ha aHOJU!YID np<iBMO!ey .IIJI, 6y;ueT N = n6~. 

3. JlJlH nposepKl! cnpaBe)lAI'!BOCTl! npi!BeneHHoro MeXaHl!3Ma m>e~;.. 

<f>a l! pa3MHOJReH!!Jl: MeKTPOHOB B pHWOM )ll!MeKTPHKe, a TaKJKe npa­

BOMepHOCTM rrpHMeHeHJ<a ITOJIY'IeHHOn popMyJ!H (4) ITO OTHOmeHHID K 

.IU\, aKcnepl!MeHT~HO 6HJ!ll onpenMeHH cpenHHe 3Ha'leH!!Jl: N I'! n 
np11 npoxoJR;uemm qepea pliWllli )ll!MeKTPHK <f.. - '!aCTKU aHeprl!l! 

5,5 M3B l! HHTeHCHBHOCT~ID 103 '!aCT/C~ C, 
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•. 

3Ha:qeBJie N onpe,11eJ1&110Cl> na aMWIIITy,ll;llliX cneRTpo:e Jlll. l!a­

Mepe!IM l!p0118)!8Bll ,118T8RTOpoM C f... = 200 MKM , S = 250 Ml!ll , 

1..= IO MKM, npH SHa'IellliiJIX pa6oqero HaiiPBl!te!IM YP.s. = 750 B, 

800 B, 850 B, 900 B. B aToll o6JiacTH Vp¢5. aqxpeRTHII!IOCTl> pe!'HC­

Tpa!IIDI Jlll cocw.BJl!JJ!a IOO%. Pa6o'!HM :eelll6cTIIOM CJJyll<ltJI pHXJJHl! Cs1 
IIJ!OTHOCTblO 2%, OTHOCl!Te.JIDHO MOHOltpBCT8J1Jfa. Ka.K yxe OTMeTKJm, 

pa,JJ;Jlyc !1Mlll!;lUJH'!6CRoro CJIM M npHBe,lle!IBilX pa3Mepo:e, cocTaJlJll<­

eT 'Z.~o. 50 MRM • IIOCTOJIIIIIM :epeMeHH HIIT6I'pl!pOBilllim: BliXOlli!Oi! 116-

nH HSMepHTeJI:bHOi! MeRTPOIIIOOI COCTaJlJIIiJIII 20 HC, IIPH 9Ha'!8lll!ll[ 

rrepell!lero q,poHTa Clli'HaJI!l M < 2 He • IloaTOMY MOl<llo 6WIO C'iH­

TaTD , 'ITO N"' Acfe, - r)le A - cp9llllee a~~a'l'e1111e aMWIIITy,ll!l 

CIII'Ha.JJa M np11 ,IIIIHHOM pa6o'ieM HarrpaJKelll!ll[. C - BltBIIBilJieHTHM 

ewocT:o nerm: c'heMa mrrnaJia, a e - aa.p.q,n; Mexorpmm. 
Ha pHc.4. npmreJteHa aaBHcllMOcu 'k N oT Vpob. Koa@ilm;HeHT 

1/2 yqgTWl!leT TO o6cTMTencTBO, 'iTO Ha l1lJJlldi.Iq>ll'lecRHli CJiol! 

M MeRTPOH!i co6Hpal!lTM c ,~~~~yx ll.llOCRHX CJioe:e, pacrroJIO:KeHBHX 

CHMM8TPII'iHO OTHOCHTeJil>HO aHOlli!Ol! ITJ!OCROCTII, 

~ HSMepeHBH M npHMeHeHa M8TO)lHRII H 9RCIT8pllM8HTBJ!l>HIIH 

ycTaHO:SRS., lljlllJ!OI'H'HiaJI liP" HcCJieJtOBaHIII! Yll33 SMIITTepa 11a J?HX­
Jioro ,lllla.>l.8RTPHRH B IIPIICYTCTBIIH O)!IIOpo,IIIIOro M8RTPII'i8CROI'O rro­

.JIJi [r4J • BemecTBo 3MIITTepa, ll.llOTHOCTl> BemecTm .ll era TOJllliHII3 

(ISO MRM) coBna.ita.>m c ITJiocRHM CJioeM M. Ilpe)lliOJiaraJIOCl>, 'iTO 

npH O,llll!laKOBliX 3HH'i8!1MX HanpBl!t8l!HOCTH YCROp!IDIJ.8I'O ITOJIII B 9MIIT;.. 

Tepe B B llJIOQROM CJI09 JLn, 'tlHCJ!O WI6RTpOHOB, 8Mi!TTBpOB8.HHI:lX B 

B!IRYYMo B rrepBOM CJiy'ia8, H C0611paeMHX HI! BH8mHDD ITOB8pxHOCTl> 

!1MIIHllPII'i8CKOI'O CJ!OH,IU\, BO BTOpoM, OllH!IIIKOBO,, He06XOlll!MIIH 

liOII]:aBKa 6WJa C)leJiaHa· TOJ!l>KO 1111 rrpoapll'iHOCTb C6TKll ("'.7~), C 

lOMOIIil>Rl KOTOpoJI C03;$BIIJ!aCl> HanpBl!t8HHOCTl> ITOJIJi B 3MliTTepe YJ333 

IO 



3Ra'!eJme ii 6Wio orrpe.n;eJieHo H9 pacrrpe.n;eJielll!H 'IHCJia BTOPH'!­

,!IHX aJieRTpoHOB, I!SMepeiiBHX rrp11 l!a!!p!DteHHOCTIIX ycKO]llmlllero IIOJIH 

8 8MaTTepe E =(2,5; 2,7; 2,8; 3)x 104 B/CM. ilOJie TBRIIX BeJIII­

"1111 peaJlllayeTCJl: B IIJIOCKOM CJ!Oe nu !!p!I YKB3aHIIHX B!Dlle 3HB'!eHII­

,iX Vp~& .• Ha pllc.5 rroKaSBI!a saBHCIIMOCT:& ii OT E. 
COCTaBIIB OTHomeiiiill IISMepeHHHX Sl!a'!elll!l!t 1/2N II n !Ipll COOT­

p8TCT~ ?l!a'!8BIIIIX pa6qqero l!a!!p!Dt8HIIff J\U II l!a!!p!Dt8HHOCTII 

I/'CKOpaRllll8I'O IIWm B 9MIIT0!8pe YB33, IIOJiy'!IIM SaBIICIIMOCT:& 110~· 
ilHTa !11iJm:H.IJ;PH'IeCICON CJIOJ! J\U OT pa6oqero Ba!!p!DteHI!ff (PJIC.6). 

4. 113 ijiopMYJIH (4) BII.IJ;HO, '!TO £n6u, Jli!Hel!HO paCTeT C poc­

lrOl\1 en v;,.... . ITpl'l aTOM yrJIOBOll KOS<f$n1l'l8HT SaBl'lCIIT OT Cpe.IJ;Hero 

DBOOO.IJ;HOrO rrpo6era 9Jl8KTpOHOB SMIICCl'lii (mK = m('2.-'2.o.)/L~. CJie.IJ;OBa­
~6nbHO, ~e pRc.6, nocTpoeaHHe B ~orapn~eCKOM MacmTade, 
J10JllKIIH HBXO.D;IIT:&CJl: Ha !!pi!MOJI. J(el!CTBI!TeJI:&HO, l'!S PIIC. 7 BII.IJ;HO, 

"TO 3RCIT8pmM6HT~e TO~RH ~QmaTCH Ha npHMyro, DpOB8~8HHyiD Me­
~O.IJ;OM HBl'!Menmnx HBB.IJ;paTOB. Orrpe.zte.neime yrJJa HBKJIOHa rrpi!Moll .n;a­

~o ~ cpe.IJ;Hero c~o6o.n;Horo rrpo6era BTOpH'!HHX aJJeRTpoHoB sHa'!e-

!IHe I • ::: 3 MRM (y pasmrx BBTOpoa SHa'!eHI!e l...e rrpn YB33 
HS pliXJ!Hx .IJ;!IaJISKTpl'lHOB oueBHI!aeTCJl: BeJIII'!IIHoll OT I MKM .n;o IO MKiii). 
l!o.n;cT8BJil!il IIOJiy'!eHHoe SHB'!eime Le B ljx>PMYJIY (6) .IJ;IIH d.. noJ!y'IHM 
PHB'!eJme o('< = 0. 0I ilp!IBIIMBH BO B!IIIMBHlle, qr'o !Ia IIY-

j:on KacKB.IJ;a .IJ;~I~IHOll 'Zu,- '2. o. = 40 MKM· l'!Me1eTCJl: K = I3 JliiHO.IJ;OB, ·~ 
9\l!PeKTIIBHOCTl'l pa60Thl Ka.111IJ;OrO .IJ;IIHO.IJ;a !IOJJY'Il'lli rJ. A a •. d. '/•~ 0<. 0, 7 

. TB.Rl'!M o6pasoM, BHyTp!I ph!XJloro .IJ;IIOJieRTp!IKa • BMeCTO 

ROS<f$n1l'l8HTB B33 IQ 1'\ ,n;el!CTBYST ai,[xpei<Tl'lBHhlli I<O~eHT 

e,M ""'"'· ~r~.A~u ]r5] 
TaR I<aK d..A , j'l n L.e HBJliiDTCJl: xapBKTSPJICTl'lKaMII caMoro PHX-

koro .~8~9RTPKKa, TO p83JMHO C~TaTD, ~TO OHH OCTSIDTCR H8H3M8H· 

II 
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HHMH H ~ ~OCKOro C~OH. Tor~ ~ STOrO C~OH npa 

E = 3 X 104 B/cM, ITMY'!I'M E)M aq,.f0,95, T.e. B ~OCKOM Moe JU\' 

UpOHCXO~T TO~KO ~n<j) 3~9KTp0HOB. nencTBHTe~HO, ITOny~SHH
Oe 

3Ha~eHHe fi (pae.5) MOlKHO O&bH.CHHTl> TMLKO .IJ;P9liWOM M9KTPOHOB, 

06pa30BaHHHX d.. ,- '!aCTHUSll B B9!ll9CTB9 ,Ul!3~9KT]ll!K8.. llHT9HCl!BH09 

~aBHHOOOpaSOBaHHe B ITAOCROM cnoe Ha~eTCR rrpH 3Ha~eHHH 

E ~:J,5x 104 B/cM, KOTOPOMJT COOTBSTCTByeT pa60'!9e HarrplllKeHI!e JU\ 

v •• ? I05U B. C~e,UoBaTenno, B paccMaTpi!BaeMol! OMacTH v.,..= 
,(750 - 9UU)B KOa<j)<j)I!UI!9HT YCMSHI!H JUl rrpaKTH'!9CKH COBII~8T C 

R03l})f.ll1LU'I€HTm~ 3IvMCCYD1 WfJIMH.n;pmeCKOro CJIO.H H COCT~eT ""'IQ3 • 

AllTOP 6~aro~pl!T A.U.AMaryHH I! r .A.BapTaiiSTHHa aa BHl!MaHI!€ 

'< pa6oTe I! Bl!pali<8.8T CBOID ITpH3HaT8~HOCTI> M.II.J!OpHKHHY aa ueH­

me saMe'laHI!il, P.A. AcTa6aTHHY, A.r.Axnep)l,lK8.1Illl!Y, .P.Jl.KaBMoBy 

sa o6cy~eHI!e cTaTI>I!, B.r.rasanRHY sa rroMOmh B l!sMe~e~~. 
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ITDJUll!CH K H!CYHKAM 

Pl!c.I 3a:slfCHMOCTb J<Oaq,jiml;lleHTa J3336., MOHOK]llfCTaJ!J!aCsJ OT SHep 
ro U lia.II"Kl!lSrO Ha ero IIOB8pXHOCTb SJ!SKTpoHa. 

Pl!c;2 3a:sncHMOCTn ItO~eHTa 9MI!CC!m6u, PllXJ!Oro )ll!SJ!SKTPRKa 

HaxO~erocff B SJ!8K~8CKOM ITOJ!8 ~n.eCKOfi WoPMH, 
OT ],.8.)1)1YCa CJ!Off c .Kpnue paCC'IlfTaHH ITO WoPMJ"J!8 ( 6) 

rrpa _?-> = 0,35, ol.•= I, m = 0,5, c• = 470 MRM, 'l.o. =ID MRM 
I.e= 3 MKM. llyHKTlfpHM ITpffMM !1p0B8)18Ha B COOTB8TCTBlfll 

c WoP MY J!oli ( 7) • 

Pl!c.3 3a:sl'ICllMOCTb KOSq,jimJ;l!SHTa SMI!CCI!lf 6 4 pHXJioro )IIIMSKTpllltA 

HaxO~eroCff B SJ!8ltTpl'l'I8CKOM ll0J!8 ~l'l'ISCKOfi popMH, 
oT o6paTHon BeJilfqi!HH cpeJ~Hero cBo6o~oro rrpo6era sJ!eK­

TpoHoB L ~ • Kp!!B!le pacc'li'!TaHH rro WoPMYJ!e ( 6) rrpi! J> =D,3t. 
J.,= I, m = 0,5,1, = 470 MKM, 'let= I0 MKM, 7.4= 50 MRM. 

llyHKTnpHM ITpffMM llpoB8)18Ha B COOTBeTCTBD C poPMJ"J!o.ll 
(8). 

Pnc.4 3a:sncHMocTn cpe~ero 'll'!cna BTOPl'l'IHHx MeKTpOHOB N , co-

6npaeNHx Ha aHO)IHyiD llpoBOJ!ORY, OT BeJil'l'II!HH pa6o'Iero Ha­
!IpflJ<8IrnR .IUl Vp .. & • Pa6oqee BeiQecTBoCsJ llJ!OTHocThiD 2%. 

Pl!c. 5 3a:slfcHMOCTb cpe~ero 'll'!cna SMIITTnpOBaHH!IX B Ba!tYYM 

SJ!SKTpo'iOB fi · OT B8Jll!'IIIHH O~Opo~oro ycKOPJ'Rlll18rD 9Jl8R­
Tplf'I8CltOrO noM E BnyTpn SMRTTepa na PHXJioroCsJ llJ!OT­

HocTI.ro 2%. 
Pl!C.6 3a:sl!CIIMOCTb RO~eHTa 9MlfCCl!ll 6 4 UIIJllllllU'l'l'I8CKOrO 

CJ!Off .IUl OT BeJ!l'l'IlfHH pai!Soqero Ha!Ipf1J<8HI!ff V p ~IS • 

Pl!c. 7 3a:sl'IClfMOQTb J!Orapl!lj)Ma !<Oa@iiDJ;ileHTa SMI!CClflf en6'"1 !IIIJ!l!H­
Jim.~CII<ll:.<L Q,J!Ol]: .l!.l\_QI__lleJill;'IIIHR l!Ql"!I.Jlll~ Jlrul9'!1~IQ.JilWPli 
l!teHI!ff ~n -v;,_., 
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