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B RaCT~ee BpeMa Ha EpeaaHCKOM a~eKTpoHHo-xo~ueaoM ycxo~ 

pliiTe.Jie BBO,nKTc.a: B CTpO:ti: YCTaHOBRa ITO 8JiekTpOpOlK,IJ;e:mno tffi.QTHU, 

npe~Ha'<8HH8.!1 ,IIJIIl, BlliiOJIH8HIDI o6rrmpHoli rrpo'rpaMM!i IIO I!C(),ll8,IiO­

BaRHD rrponecCOB B3aHMOneHCTBHH SJISRTpOHOB BHCOKO~ 8HeprHR C 

ll,lij)aMI! • 

HsBeCTHO, ~To peaKUHR c ytiacTHeM auexTpOHOB corrpoBo~anTcH 

pe.lll!all)!OIIHHMII IIpDU8caMI!, I! I!HTepnpeTall)lll SKC)l8PI!M8HT~HHX pe-

3yJIDTaTOB, RaK rrpaBRXO, UenHKOM 3aBHCHT OT rrpaBRHDHOrO y~eTa 

B~OB 8TKX IIpOI(9CCOBf Tax, HS.IIpHMep, H3B9~THI:ile 3RCIIepRMSHTI:l 

no 3\Il!JeKTY attpllll!poinm rrpi! paccerunm: s~eKTpoHOB I! MJOOHOB Ha Hii­

pax .IWI 9,'> i (r<>e>Jc/ ,,nam pa<>HHe peey~TaTJ< .IWI A....,. '<To MOJ!t­

Ho OOi>I!CIII'!T:& B03MOJitll!lMIJ 'paCXOJ!1118HIDIMI'I B Y'<8Te pe.lll!all)!OHHHX IIOII-
, , 

Ilpa30K .IWI pasHHX sxcrrep!!MeHTaJI:&IIHX rpyiiiT B c,ny..ae MSKTPO -

HOB [I] . l!arrpi!Mep, ~ ,o'~cTJIX, r,Iie pe.lll!aiJ;HoHHHe rrpoueccH coc­

TaBXRDT 9Q% OT OCHOBHOrO, 20% Ollii!6Ka B Onpe,Ii8~8HI!I! pa,Iil!all)!OH­

HHX IIOupaBOK rrpi!B8,Ii8T K IOQ% Ollii!6Ke Ilpl! B~eHI!H OCHOBHOro 

IlpoU8 oca [ 2] • M!ooHHH8 SKCII8pi!M8HTH ME!H88 '!YBCTBI!T~mi K pa­

~OHIIHM rrpoueccaM Hs-sa 6o~meA MaCCH JU - Mesoaa. 

llpi! paCCeRHKI! M8KTpDHOB Ha rrpOTOHaX B r~60KO HeynpyroA 
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06JJaCTII OCHOBHOI! Bl<Jl8,ll liPe.ItCTBBJliiB'' C060JI "x:BOCT" OT YJIP1I'Ol'O 

paccellllll&; T.e. IIP0!18CC lii3JIY'fallli!SI lit6CTROro· <l>OTOB8.. I!plll 60JII,lllliiX 

nepe,ItallllliX IIMIIY.lll>cax, ROrllll pacoemme l!8. s;u;pe MOlltl!O npa.ztcTa­

:&liiTL I<B.It paccemme l!8. llll,ltlllllllt)"SJI&BOM HYMOHe, . YMHOllteBBoe l!8. fl , 

OCHOF!1llJI .ItOJlfl Jl!l.lti"'U;I<OiillliX ITOilj)a:BOR :B rJJYOOKO Beynpyrol! 06JJaC­

Tlll !IB,lla8T l!8. "X:SOCT" OT ltBB.SJiiYllPYl'Ol'O j)Qccellllll& MeRTpoBOB .l!8. 

JlY1t1IOHe. Ilo&TOMY IIPll ncnom.soll!llllllli B 1(8.qecTBe M111116Hlll. s;u;pe . oco-

6yn UOJI:b liPlii06peTaeT ROPPeRTBOCTL yqeTa BI<JiaJla OT ltBB.SJzynpyro­

ro pe.CCeJII!liH B JIJJ6ol! 'iaCTlll CITeRTpe.. 

Kpoue Toro, IIPOII6CC KBaSJiiYllPYroro pacceJIIII!ll aJieRTpoHOB Ha 

s;u;pex npe.ztCTa:BllH9T co6ol!' caMOCTOSTeJILHJ<l! liiBTepec C TO'iltlll spe­

BIIll liiCCJI6.It0BaBHH CTP.fKTYPH BJtPa• &roT ll!e IIPOnecc, BBW ltOCTa­

TO'iHOI! ero l!SyqeFROCTH, Y.ztOdBO paCCMaTPHB9TL IIPH KaJIH6pOBK9 

&Rcnepli!MeHTSJI&Bol! ycTaaOBXlll, ROTOPYD npe.ztnOJlaraeTM IIPOBOJtl'TL 

6ea perHCTpe.IIHH 1IPOTOB8. OT)la'lll! ( TIIK HaSHBaeMHl! OltHOnJI9'i9BOI! 

&KCIT9pli!MSHT) • BOT ITO'ieMy :B )laHBO!I pa60Te OCI!OBHoe :&HliiMalllle 

Y.zte.Jieao pacqew.u B o6JJacTlll KBaSJIIYnpyroro DEKa. 

B EpeBB.BCROM \fi!SJII'IeOROM HHCTHTYT8 CoS)laB MarHli!THJ<l! cneRTPo­

MeTp ~ perHCTpa!IHH 3A8KTpoHOB, C X9paKTepHCTI!KaMH KOTOpOrO 

MOliii!O 03B!IKOMHTLCH :B pa60TaX [3,4] • 

Cxema &KcrrePHM9BTaJILHoA ycTaaORKH IIPHBe.zteaa aa pll!c.I.Uy'iOK 

B!llie,nemrux .. Jie.KTpOHOB WOpriTlilpyeTCH ROJUIHMaTOpoM K , mrn,ro JmH-

313J,'l~ ... :T ~- ~. '1T'Cl fvlll-I5: ,,," ,tJ.TOHmOIIlHM Jv18.I'lHrTOM CII-I2 ~ rro 

EO.-·: 

;\)'Y.li0JTI>," He XYJKE-' +1:0 0THOC~,'J.'eJH-H\......; MOHHTO·J: l.OBEJ: 10 0CYIJ.l€CT­

l1~11it'l'CJl MOHH'ropor.r B'~ JJ)lfliHOit C)Jf-.VJ:CClm (MB3), YC.'L'D.llOLleHHI:lM rroc.;ze 

MIDD:emi. A.Ha.7m3 !Ja.CC''Jl!ffil:D( ~JICHTpoHOB IlpOBO,II;H'l'l'.t1 Mai'HKTHl:iM CII6R-
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TpoMeTpoM, cocTOifiiiiiM 1<3 .IlBYX KBa.IlPYITOJibllblx JillHs 1.!J!-I6 C.Jis-~) 

" MarHHTa CII-137 c BSPTlOOlJlJ>IIHM OTI<JIOHeHHeM. PencTPJ<JlYl!li!B.ll 

arrrraparypa CllOK~MeTpa ycTaHORneHa ITO,ll yr~OM 24° OTHOCHT8~hHO 
ropii30HTaJibHO!! MOCKOCTH I< COCTOMT H3 Tpex arreprypllliX Cll)II!TM­

JL'll1110HIIIDC cqeT'IIIKOB cc1 + c3J, IIMIIY~Maoro r0,11ocJtonaCr1 + ru), 

CIICTeM!I C!111HTMJL'Il1IIOH!IliX c'!eT'!IIKOB dE/ d X 11 JillBHSBoro ,llSTeK-

Topa (JUO. 

Ka.Jm6poBJtY CrreKTpOM8Tpa IIJJaHHJlY8TC!I IIpGBO.Ili!TD ITO peay.JJ:&Ta­

TaM 113MepeaH!! cneKTpoB KBaaeynpyr•oro paccemiHH aJieKTpOHOB aa 

li,llJ)e I2C rrPJ< HH'!aJ!hHOR aHeprl!ll EI = I, 5 + 2 raB 11 yme pac­

e-... fY = 25°, '!TO o6ecrre'!JIT o6JraCT!> ,llOCTaTC'!HO BIICOKIIX rre­

pe,llaiiHliK I!MnyJibCOB ( 't = 0,64 + 0,86 raB/c) B MaKCIDiyMe I<BaSII­

yapyroro lJJIKa 11 nosBO.JillT BHpaSIITI> ce'!eHHe KBaseynpyroro pacce><- · 

111m aJieR~HOB aa li,llJle B TePMMHaX ynpyrHX ep - li ett- ceqeHH!!. 

KpoMe Toro, npli 6oJiblliliX nepe;n;alllmX liMIIY~Max npa!tTH'iecltl! OTCYT­

CTByRlT BMa,llH OT "XBOCTOB" ynpyroro paCCeJU!Wl: Ha !I,llJl8 II B036YJK­

,llelllm .IlJIC!tpeTIIllJ( ypoBHei. 

TeXHHKa yqeTa P" liJI"I1!IOHIIIDC IIOnpaBOR OCHOBWlaeTCH Ha pa6o­

TaX Mo H TaaH [2,5) • 
Kax 1!13BeCTHO, paccemme a.lleKTpOHOB B.a. HyRJIOHa.X K ~ co­

llpoB<lli\IJ;aeTCJI IICIIYCRaH!IeM peam,llllJ( li Bll]lTYaJl:&ll! <!x>TOHOB II ~en­

TOHOB. IIMH!ti Ha6op naarpaMM (l)e!!HMaHa B Hli3m8M IIPJ<6.>nDle!mlt ITO 

ueR~MarHHTHOMY B38l!MO.IleilcTBlilO ~ pacqeTa ceqemm ynpyroro 

pacceJU!Wl: alleKTpOHOB Ha CBOOO,llHOM ByR.Jioae IT0Ka3all Ha piiC. 2 • 

.lllfarpaMMe 2a COOTBeTCTByeT OCHOBHOi! ITPOI!E!CC pacceJU!Wl:. BH,llHO, 

\!TO <!x>TOBH MOryT 118JIY'I8Tl>CH He TomKO aJieK~HaMII, HO II a.liP(>­

HaMII, O,llHiiltO, 6Jraronap>i III!IJIOJi M!ICCe alleK~Ha ~ liB-
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JI.f!STM ISJI.YtteJme sJiexTpoHB.r.m: o Heodxo,zwMOcT:& B y'l!eTe H3JJY't!Bmtfi 

~OHaMH ~osHHKaeT TOJIDKO npa pe~TKBHCTCKHX eHepraax HYKnOHOB 

OT,Jl8.lffi o 

GymeCTBYST ~ M8TO~a BhlqHCIT8HRH p~~OHHNX llOrrpaBOK K 

HeynpyrOMY pacce.mnno SJISRTp:>HOB o ,I.f,.Jm TOrO, 't!T06H IIQ.flCHHT:O CYTb 

060HX MSTO.D;OB, paccMOTPHM BHpaJKBIDIS, CB.ff3HBaKIII;B8 HCTIDiHOS CB't!B­

ID!e Heynpyroro paccei!IIRH 8Jl8KTPOHOB d26(E 1 E,)jdE;dSI. C SKCI18-

' pHMeHTOlJ!J>HO Ha6JIIQ!laeM!IM d 6exp( E, E,)/dE3d.Q(cM.IIpi!J!Ollt8HI!e 

yp.(2)). IlepBW! 1JJJ8H yp.(2) npencTaBJ!J'leT co6o:il rrorrpaBey rra 1!3-

JJY'<eiD!e MffrKI!X peaJ!l>llhlX 11 BIIPTyaJIJ\llhlX <jloTOHOB B npouecce paceM-

HRH. BTopoli I! TpeTilil 1Ulellbl npencTaBJLi!IOT co6ol! norrpaBKI!, Y'II!TII­

BaRI!llfe :SRJia,n B IIOJIOCY IIMJillH0.£1 6 11pa,nHall;tWHHOro XBOCTa" y'tffi.CTK8. 

crreKTpa, pacrroJio.weHHOI'O no eHep!'lrn Bhiille, t~eM E3 + 6 • 

Kax n)(Ho, yp. (2) npencTaBJ!!IeT codol! HHTerpa;u,uoe ypaBHeiD!e 

OTHOCHT8J!bi!O d 26(E 1 , E3)/dE3d,Q, np>!'IeM 8TO ypaBHSHI!e HellO)(­

~eTCR pemeHHro B a~THtiecRoll (popMe. OnHoll H3 B03MOmHOCTeH 

HaXO~BHHff STOrO cetteHHR HBllHBTCR ~GneHHOe perueHHe ypaBHBHHR 

.lW! B03MOJitHO 6oJn.mero qHCJia sKcnepl!MeHTaJIJ\HIIX crreKTpOB [ 2] 

( TaK Ha3IreaeM!lli 11 u.n!'oldi n,.~ ::let hod"). .[(a.HHIDJ: MBTO,Il; 06Jra,n:aeT TBM 

~OCTOrlHCTBOM, ~0 ~nneHHHS TaRHM o6pa30M HCTHHHHB C~tteHHH RB­

nffiDTCH He3aBHCHMHMH OT pa3~HX TeopeTHtiBCRHX MO~eJien. 0,n;HO­

Bp8M8HHO STOT CIIOC06 BSChMa Tpy~oeMKHfi, TaR KaR Tpe6yeT 60J!hill0-

!'0 KOJllft[BCTBO CIIeKTpOB, H3Meperumx ITPH g}ID<Cl'Ip0Ba.HHOM yrJie pac­

cemm.a H 'Ha"':taJIDH~ &HeprHR:X EI t H3MeRR:RJIOiiXCJI B UIKpOROM HHTepBa­

Jl8. Taeym pa6oTY MOJitHO BHncrriD~Tb,BOCITOJ!b30BaBllil!CD aKcnepHMeH­

TaJIJ\llhlMI! )(l!HllhlMR, 0)(HaKO, JWI Bll6pauHol! HaMil- &HHeMaT>!'IecKoll od-
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naCTH TaKHX ~HHHX H8 BM88TCH, ITOSTOMY B HaCTORm8H padOT8 HC­

JIOJ!I,3Y8TCJI )!JJYI'a.'! BOSMOlKHOCTI.- JIO,llCTaBIITb d'o(E 1 , E:
3
)jdE3 dS/ 

B a.Ha.J!HTlf!I8CKOfi <{JopMe, pacctm:Ta.HH08 ITO Ra.KOti:-JIHdO MO.n;eJm, B 

<i)oPMYJIY (2) 11, Truti!M odpasoM, !IPO.IlCKB.San OJKl'f,!(aeMHn Ha sKciTe­
pi!MOHTe CIT8KTp. 

ITp11 OOJU,IliiiX rrepe,~~aHIWX IIMllYJII.cax ITOJIOll<eHI!e " t!iopMa JWHTII-
1< BYJMa B ciTeKTpe aneRTpOHOB, rreyrrpyro paccenHHJ<x rra ~e C, 

xopomo Olii!caBaeTCH BecJ>Ma rrpocTofi Teopl!eft KBa3>JYIIPYroro pacc~­
HIDI MSKTPOHOB ·Ha $1,1l€pEHX HylU.IOHaX, rrpe,ItJIO.iKemroti CHTeHRO H I'y­
pJ>eBI<M [6 - 8] • ~OrRqHHe pac~eTH liii~POHUffa.JU,Jrux ce~eHI!fi 
RBaSoyrrpyrO paCCeaHHHX 9~8RTp0HOB B MO,ll8~ 1epMI!-ra3a 6~11 

IIPOB8,ll8Hhl MoHIII\OM (9] II rerrpll [IO,II] ; CpaBH8HII8 CITOKTpOB ITO 
. . 12 KBaSII,YrrpyrOMY paCC8HHIIB) Ha C, pacc~TaHHJ.IX ITO Biml8YKa3alnl!lM 

MO,I(8JlfiM, II0Ka3HBM"T Hli XOpomee COrJiaCHe V3J!Q:zy IDWIJII [12] . 
1Tp11 l)lC'ieTe crreRTpoB ITO KBaSEYIIPyrOMY pacceJ!HIIro aJieRTporro~ 

Ha .a.n;pax HaMH dwm l!CUOJIJ,8QBaHH BW!Ieyim3aHHI:le OdOJIO'tJ8'1H3Ji MO­

,n;eJffi· H MO,I(e.Jl}, <IiepMH-rasa, Tax Ralt w:dpa.HHrui ron-reMa.TH'tfeCKaff od­

JiaCTJ, odecrrelU!meT .n;oBOJI:&Ho donme nepe,I$1-IHHe HMrtyJI:&ccr 

(Cj.> 0,6 raB/c) ,npa KOTOpW<: STII MO.IleJIII XOpDWO OIII!Cbl:BaiOT 8KCIT8-
pi!M8HTa.JU,H&8 ,llaHH&8. 

Ha pi!C.3,4 ITpa,llCTaBJI8HI< RBa31!YITpyrll8 CIT8RTpb! liJiff Tpex 3Ha­
~eHI!ft arreprnfi II yrJIOB 113 ,llOCTyiiHOH HaM KnHOMaTPI'iOCKOH OOJiaC~~. 

KaJIROpOBII,Y YCTaHOBKII neJI8C000pii3HO npo~OJII!Tb ITO MaKCJIMYMY KBa31!­
ynpyroro C~KTp9., J.GI60 IIO ero npa.Boit 'tJB.CTH, CBOdO,Il;HllX OT BKJia­

,I(OB ITOporoBOrO p~eHHR DHOHOB, fiPH OTHOCHTenJ,HO ManUX 3HeprBHX 

11 yrJiaX. J(a.JU,Hefilliiie PlC'<eT& IIPOBe.IleHH liJiff napaMeTpoB Er=I, 5 raB 
ll61 =25°. 

Ha pllC.5 ITOKa3aHH CIT8KTpH KBaSoyrrpyroro pacCeRHRR 3JI8KTpO-
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HOB !Ia yrJiepo,!lHOJI MlllliOHH, peCC'<I!TaHI!biO UO 060JIO'!O'Il!oli MO,lleJIH 

(J<pl!BM 2) a MO,lleJIR il?epm-rasa (KpRBaa I). CneKT]l I pHc.5 pac­

C'!HTaH npll KF = 22I Mall/c II €_ = 25 MaB,B3HTHMII 113 pa60TH (I3}, 

a cneKTP 2 jll!C.5 - npll P" = I37 Mall/c H c = I6 MaB \.7). 
KaJt UOJtaSaJIII BH'<I!CJIOHlm, OTHOCI!TOJI!,IIbiJ! BKJia,ll CO'!OHI!l! pa­

,!IHaiJ)IOHHHX npO!j8CCOB He 3aBl!CIIT OT BH60pa MO,lleJIH; Hanpl!Mep, B 

IIIIKO C!I81<Tj)OB OH COCTaBJ!ffOT I5% Ujlll Er~ 1, 5 raJJ H f) = 25°. 

Ha!l'llJY c HCRalltOJmeM rr~~~<a KBaSeynpyroro pacceriHJm, xopomo 

as.BeCTHOt 't!TO "XBocT" KBa:myrrpyroro paccemum o6.R:aa.H T810Ke 

pa,l~Hall,IIOHI!biM npO!jOCCaM - 1'!3JIYq8HJ!RJ JKOCTKI'!X @QTOHOB. 3Ta '!aCT!> 

crrexTpa npe,I~CTaBJIHeT co6ol! ®BsHqecKI'lll @oa Iljlll I!CCJie,!IPBaHHH 

aJieKTpopolK,lleHJm B rJIY60KO aeynpyrol! o6JlacTI'l. 3Ta o6JiaCTl>, aa­

P~ c KBa3JIYnpyrl!M ITI'!KOM, rrpe,!ICTaBJieaa aa pl!c.6. 

~ B0Cnp01'!3B8,!18HBH p8aJ!1,HO OJKI!Jia8MHX CIIOKTpoB 9Jl8KTj)OHOB 

Ha OCHOBe TeopeTHqecKI'!X Ilpe,!ICKa3aHI!l!, Hap~ C ~all,IIOHHHMII 

·rronpaBKaMR, aeo6xo,lii'!Mo yqecTl> BnRHH~~e rrapaMeTpoB sKcrrepHMea­

TaJil>Holi yCTaHOBKI'l. QqeBH,!IHO, 'ITO c~qeHJ'le ae 1'(3M8PR8TCR ITPH CTj)O­

ro @I!KCHpOBaHHOM yrJie paCCORHI'lll H 3H8prHH Ha'laJil>HOro II paCCeRH­

HOrO SASK~POHa, a rrpe~cTaBnaeT C06oH pesy~TaT ycpe~eHHH ITO 

3TIIM TpeM rrapaMeTpaM. 

PaspemeiiE:e CII6KTpOM8Tpa IIO EHSpiT!H COCTa:BJIHST I, 5 + 2%, 
yrJIOBOM 3axBaT MOJKeT BaPl>HpOBaTl>CR KOJ!JlliMaTOpaMH B npe,I~eJiax OT 

I. 5 + 5°. a aaepreTII'!ecKI'lll pas6poc Ha'laJll>HOPO IIy'!Ka COCTaBJ!HeT 

0,5 + 2% B 3aBI'!CliMOCTII OT MI'!TeJil>H00TH BpeM8HHOl! paCTJ'L'IIKII 

' IIy'l)<8.. 

Pac't!eTH rroRa,;)dBaiOT, 't!TO B yRasaHHo~ rumeMaTH't!ecxoH o6JiaCTH, 

HOMOHOXpOMaTII'lHOCTl> HaqaJil>HHX 3Jl8KTpoHOB (~ = 2%) npHBOJ!RT K. E, 
~ 0,5% H3M6H6HRID CS't!SHHH KBa8MyiTpyroro paCCSRHHR, ~0 AaST 
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H860JI:bUJOH BKJia.U B Cetremre IIO CpaBH8HiiiO C yJ'.HOBI:lM ;:.,axBaTOM l! 

pa3p8lli8IDl:eM CIT8KTpOM8Tpa • fia pHC.? ITOKa3a.HO MIDIID:'!8 yrJ10BOI'O 

3ax:BaTa I1 pa.3p8ill8HIDI CIT8ItTpoM8Tpa Ha C8t{8HH8 KBa3HJ'ITpyroro pD.G­

C8ffiUIH aJieKTpoHoB Ha yrJiepo.uaott Mllillemr TOJln~uoi:i 0, 5 eM ( T 

= 0, U22 pa,U • .IT.J.[HH). CetreHHJI rrorrpaBJieHH Ha MSJiyqemm, B03HHRah)­

ruee rrpJI rrpOXO)J{,U8IDUI M8ItTpOHa B B811~8CTBO MWll8HH. :IpeJJ;CTaBJI8H­

Hbi8 KpHBb18 PHC. 7 IIOJIY'l£8HI:l B rrpe,UIIOJIOJK8IlliYI, tiTO KaK 8KCTI8pRl\·18H­

TaJibH08 p3.3p8ill8HH8 CIT8RTp0M8Tpa, Ta.K Jl[ ifmyitTyaiJ,HJI Hatra.Jll:.HOif 

SHeprn>< IJY'!Itli pacrrpe,UeJ!eHH no HOpM8.JU>HOMJ SaKOJiY. ils CpaBHe­

HHff KpHBHX I,2,3(pHc.7)BnuHO, tiTO YBeJIHti8HH8 3axBaTa ITO yrJiy B 

5 pas " yxy,UllleH><e pasperneiii!.'I no sHeprnll pacceJIHHoro sJieKTpmw. 

B 2 p3.3a liCRa.lK8.8T ImR KBaseynpyroro paccemm.a B ll'l8.RCHMYM8 CII8K­

TPa COOTBeTCTBeHHO Ha 5% II 2%. J.ls pi!C. 7 CJienyeT, '!TO Ha Be.J!>!­

lWHY KOIJHnOpa, B IIp8JJ;8Jla.X KOTOporo JieJIGIT H3M8pH8M08 C8ti8Flli8, 

BnHH8T B OCHOBHOM ~illh BerrHt!HHa yrJIOBOro 38XBaTa. 

PeeyJibTaT ,ne.tiCTBHH pa,rum.IJ;B:OHHOii IIOrrpa.BKH II 3KCII8PHM8HTaJ!I:>­

HOrQ paspemeFrna H.a ceqeJme KBa.Seyrrpyroro paccemnm aJieKTpoHOB 

Ha yrJiepo.ue no.asaH Ha p><c.S. 

KaK B>!,UHO 1<3 KpiiBWC piiC.8, 1<3-3a 60Jl~lliOli llll<pi<BH lli<Ra KBa-

3J<YITPYrOrO paccemma, o6yCJioBJieHHoro qiepMI<!eBCKIIM I(BHlKeHI!eM ny­

~OHOB B ~e, ytieT aKcnepRMeHTan»Horo paspemeHHH ycTaHoBKH He 

nc~ta>aeT q\OPMY crreKTpa. 

Ha pnc.9 npRBerreEH cneKTPH KBaSIIyrrpyroro pacceRHKO sJieK­

TPOHOB, IIOrrpaBJieHHHe Ha pa,URaJ])IOHHHe a®eKTI< I< pa3pellleH>!e ycTa­

HOBKI< ( fiE~' = I%, !lEE: = 2%, t.8 = 2°), Ha I 2c ,UJII! .uBYX TO./IIllllli 

-I CM H 0,5 CM (p = I,93 r/cM3) 1< 40ca TOJ!Ilii<HOfi T=O,OI parr. 

)T.JIHH. Bmi;Ho, 't!TO BRJJ.a.,IJ; pa..n;Ha.JJ;litomrux rrpoueccoB, CBR3a.HHhlx c 

rrpoxOJK,I(eHHeM aJieRTpoHa B Bem.ecTBe MnmeHH, Bec:&Ma PntYTHM Ha 
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sxcrrepHMeHTe. 

B saR.7!1\ReHHe oTMeTllM, 'ITO rrporpaMMa pac~eTa pa)(llaul!OHH!U: 

IIOrrpa:BOK K C8'!8HJII() YHIIB8pcB.llliHa; IIIJH llpD.l:tBlllK8Hl!ll B OdJ!aCTl> rJzy-

60KO rreyrrpyrax rrpcueccoB B03HHKaeT rreo6xo~OCTI> B rro6aaneHHR 

Jmlll:b BKJia,IJ;OB OT "xBOCTOB" pe30Ha.HCHhi:X IlliKOB H ITOIIPaBOR O'r ROH­

THHJYMa B caMOM HeynpyroM CII8KTpe. 

0TMSTHM, ~TO TSXHHRa pac~eTa p~~OHHHX ITOITpaBOR K KOHTH­

HYYllfY KBa3eyrrpyroro IIHRa ITIJHM8HI!Ma Ta:!(JK8 H R p830HaHCHOJi o6J!ac­

TH CITSRTpa. paCCSmiHI:lX M9RTp0HOB. I\pOMS TOrO, YMSHHS OIIepHp0B8.TI: 

C 11XBOCTOM
11 

OT KBa.SKYfilJYroro pa.ccemnrn: II03BOJJR9T Sapa.Hee OI19HHT:b 

liOPffiiOR B8~'!HBR parrHaUOOHHOfi liOrrpa:BRH ~ rrro6oli OdJ!aCTH Cll8RT­

pa pacceHHBRX 3IIeRTPOHOB. 

ABTo:->< B~T 6IIarouaprrocTI> KepoiiHH M.A. sa aRTnrroe 

y'!acTHe B Ha'!aiii>Hofi CTa)(llR pacqeTOB. 



l!piiJ!OllteHI!e 

Bb16}aHa CI!CTeMa S)O<Hl!rj 1\ = C = I. MeTjl!IRa 3a,nalla TaRIIM 

06pa30M, ~u ITpOR3B8~8HHe ~X 4-BSKTOpOB 3arrHCHBa8TCH B BKnS 

p1 p~ = £, E.!l- P, ~ 
P, ( E 1 , P, ) - 4-IIMIIYJIM Ha'!a;n;Horo MSKTPOHa 

P, ( E,, P,) - 4-IIMIIYJI:DC raccemrnoro aJ!eKTpoHa 

Pa ( M, 0) - 4-IIMIIYJI:DC MI!IlleHI! 

/( ( W, K) - 4-IIMIIYJI:DC peam.Horo \Q<>ToHa 

q'o (p,-r,f o- 4 E, E 3sih'~- KB8.,!JJ)aT nepe,IJ;aHHoro IIMIIYJI:bca 

8 - yrOJI paccemma 

2 - 3aPH,IJ; .ll)ijli MI!Ili8Hl! 

A - aTOM!mll Bee .ll)ijli MI!IlleHK 

H3MepeHH08 CS't!SHHe, RCKaJKSHHOS pa.IJ;B:a.uROHHl:iMM aqxileKTaMR, 

6exp( E,, E,) o d'6,p (E,, E,)jd£3 d.Q BJipalllaSTCH '!epea l'!CKOMOe ce'!eHl!e 

<6(E,,E,)oda6(E,,E,)/dE,dSl. BBJI,ll;e [2,5] 

. T E, e ... ·-., (E:) 

6exp(E,,E,Joj ~t J dE; J dE~I(E,,E;t)6(E;E~)I(E;,t,,T-t)(I) 
0 

E1"'in(E:a.) E!o 

IlepBHJ! HIITerpaJI 6epeTCH UO T0JIIIlllll8 Ml!W8Hl! , a BTOpol! I! Tpe­

Tl'!l! - no aHepi'I!I!M Ha'laJiffioro l'! pacceHHHoro MeKTpoHa E, " E ,. 

SJ:Iem; I (E, E;, t) I< I (E;, E,J-t)- npe,IJ;CTaBJIHIOT co6ol! BepOHT­

HOCTH nOTepl> Ha'laJI:DHblM H paCCeHHHIIM SJ!eKTpOHOM Ha TOpM03H08 H3-

;zyqeHKe I< HOHl!Saili!Rl B 3aBHCHMOCTH OT npol!neHHol! TOJili1IIHbl MI!IJ]8Hl! 

t ; T- nOJIHali TOJIII!IIB!'M!IIIIei!H B }a,IJ;HeTJ)!!OHIIHX ,IJ;JIHHaX x.; E,m;n(E,) 

H E, m..,.(E,')- onpeneJigJJT l'paHliiJJ;ti pacCMa'l'piiBaeMoro npouecca. CooT­

HOIIIeHIIe (I) CBH311E<U!T C8'leJme B TO'Ilte, B KOTOpol! npo!<SBOMT . 

I!SMepeJme, Gexp(E1,E3 ) C C9'lei!H9M 6(!::, E;) B OOJraCTH,rpa!ll!-
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H l\0Topo~i orrpe;J:eJIRiOT [1 mln(E.3) H E~ ma.x(E~) 0 'JBOKCTBa BepoHT-

·(;~'e:,i l!3J1J''l!8Hl'l.FI IT03EOJ1JIIDT I!pl1MBHHT:b 3H8pr8Tl1'tJ8CIW8 ffiiKOBOe 

!~.;: ,._;,1IL:m~~!8 l: H CO'i8'fa.HIDI C fl})116}!IDi(8HH8M IIOJIOBHHHOf:i TOJium:Hbi MH­

j:jf·r:: ·;paccemme nponcxo.uwr TO'l.HO Ha cepe.UHHe hmruemr npn t. = ~ 
T~~::."lJi C~~'ryau;~.rr BCCI',Ir,a BllliOJIHHBTCfl, 8CJili HOpMaJib It IIOBBPXHOCTR 

ITJIOCIWi1 MJID18Hll. )J;8J]J'[T yrOJI paccemnm. TIOITOJI3111) 3aM8HHTb TpOHHOfi 

HH'I'8I'paJ'I n;BYf·MI O.UHOI~paTHbiW! B CJiyqae KOHT1'IHYJ7M8. [5] : 

< <jJ 
cliO (£,, E3 ) 

dE 3 d.Q 

, T' 

(E·~,E,) 

[ 
T' 

x E - E ' 
' ' 

,t.,(E,·E,')+ ~ ]dE' 
'1'--E-,- 2.(E,·E,')' ' 

( 2) 

+ ~ .]<l£' 
2(E~ • E,)' "' ' 

r.n;e E1- E,' H E~- E3 - :;meprnn ~TOHOB, H3J.QT't!BHHHX Ha'l!MbHblM 

H paCC8miH!iM 3Jl8RTpOHONJ; 

T': ~(I... +t ) e ~ · (3) 

l-<lHO.llil1T8Jlb g CDH38.H CO CBOiiCTBa.NIH B8ll\8CTBa H HM88T 3Ha'l8HH& 

6JIM3Iwe K 4/3 0 To'l!Hoe sua'l!eHHe ~ .n;aeTcR BHpBJKeHHeM: 



r)\e 

m - Macca a~eKTPOHa 

S - HOHH3auHOHHaff ROppeKUBH 

~ ~ 0, 15 I, ~ T X o 

H HM68T paSMepHOCT:O B MeraaJieKTpOHBOJII:.Tax. 

cp (x ) - WHR.!\ID'! CrrsHca, onpe)\eJ!!!eMM Rai< 
X 

¢(x) = ;-en~1-~l a;~ 
0 

a eH 
d 6 (E1 , E3 ) _d'6 (E,,E,) 

d E3 d.Q dE 3d& 

-~en.' (.ic ) + ~ [i__:n'- q,(coo' ~ ) ] 2!lf E, !If 6 . 

(4) 

(5) 

(6) 

(7) 

Co) 

(9) 

(IO) 

3)\eCL I + 0, 5772 bT -· HOpMI!pOBO'll!ffi! rf!al<Top iWI BH8ll!H€ro 

TopM03Horo 1!3JIY'!BHH>< (SA E> ) • CJTara.eMoe 2.d. [- j!l_ + .!2 En_ ::_9_" J -
3f' 9 12. rn G 

- CyMMa B8pmMHHOM ITOITpaBRH (H3~~8HM8 BllpTy~HOrO 00TOHa SJI8K-
TpOHHHM TO!<OM) II Jl'U\YJ'MHOii ITOJ!f!PH3a!1111! (e+e-- IT€TJ!!! B ifx>TOHHOM 
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nponaraTope). Fll1y cooTBeTcTBy!OT JJ;ffarpat'IMH Ha pHc.2r,.n;. 'LneH 

.:!:_ en.2( :' ) - liOllpeBKa R ImROBOMY !!pl'!6Jllllllelllli<J BO BeyTpeHHeM 

i:3\ ; "' < f) 

"'OpM03HOM HsJJyqemm ( 'WA E'l ) o lloCJJenll'!il 'lJ!eH, -[ -'-:Jf'- <j:>(co> 2 J1, 
<EI !lf6 J 

coneplKI!T \PYHRl.\100 CnsHca cp (co> 2 ) , ROTopa.~ o6pamaeTcH B HYJJ~ 

!!pl'l E)' JT o 3TO C00TB9TCTJJY9T MaRCl!M8.JJl>HOMY 3HaqeH}!IO liOCJle,I\Hero 

ci3f -~ 
'lJ!ena - = 3, 7 o10 0 CJJeno:ea.TenHo, ero BJ<.JlllJI B o6myro pe.l\l'lau;l!-

6 
OHI!Yff) ITO!!paBJ<Y Bcerna MSHDille 0,37%. 

R = l.J, ~ M+ E, (1-co~S) , 
·w-o \'1-E 0 (1-Co>i9) 

(II) 

r;n,e tJ1 H 1U3 - Ma.KCKMa..JI:bHa.H ::meprwt qx,TOHa, H3Jiy'l8HiiOI'O B,IJ;OJib 

HarrpaBnSHHH ~romero H pacceHHHOrO aneRTPQHa, COOTBSTCTBSHHOo 

1J.nH RBa3l'l,Ynpyroro pacceH!ll!H 

fu6op A 

6(E,-R<I, E,) 

E1 ,;. (E,) ~ E, +A 

E,m.,.,. ( E1 J • E1 - R ll 

(12) 

(13) 

OCYll\9CTBJIH9TCH I'ICXO)l)I 1I3 Tp960B8Hl!i!, qTQOO 

I'! 6(E,E,+ll) OTJJI'l'l8Jii!Cl'> 6a ""- ICJ% OT 6(E,,E.) 1I 

B TO JKe caMOe BPSMH, qT06!< ~ j A < o. 1 • Bllpalltemte (2) He Itpi'!T~-

HO R Bll60py f!. • B HS..,YBCTBI'!TeJJl'>HOCTI'l R 6 MOlltl!O y6e,I\1ITl'>CH, 

SCJJI'l npo.l\l'lqxpepeHUHpoBaTB CS'iSH>te (2) ITO 6. , llpon3BO)ll!8.H liOJJy­

'lB.STCH paBHOll HYJJIO. 
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llQD;Ili!CH K PllCYI!KAM 

PHc.I CxeMa aKcnepHMeH~Hofi ycTaHoBKB. 

PHc. 2 ~HH!le IToitpam<z K rrpo,.eccy yrrpyrgro pacceJDIIIJI 
8JieK7'pOHa 118. HyKJIOHe, 

'1Ic,3 CITeKTPH KB8.3eyrrpyroro pacceJD~~IJI MeKTPOHOB. 1111 12c 
ITO,!( y!-JlOM f1 = 25° C 8Hepl'llefi 1,5; 2,5; 3,5 raB. 

PHc. 4 CITeKTPH KB8.3eyrrpyroro pacceamu~ MeKTPOHOB c aHeprneft 
Er = I, 5 raE Ha IZc ITO,!( yi-JlOM zro, 29°, 37". 

PHc.5 CITeKTPH KBaSeyrrpyroro pacceaHKH SJleKTPOHOB c aHeprneft 
Er = I, 5 raE ITO,!( yrJlOM (} ;, 25° !Ia yrJLepO,I(e, pacc'llii­
Talll!!le ITO UO.I(eJlii il1epMH-rasa (!tpl!BM I) II 06oJrO'!e'IHofi 
Mo,I(GJIII ( !<plllJall 2) • 

PHc; 6 CITeKTP i.!Baseynpyroro pacceaHKH SJleKTPOHOB c aHeprneft 
Er = 1,5 raE ITO,!( yrJlOM e = 25° !Ia IZc 1'0JIIIlllllofi 0,5c», 
IIOrrpaB.tteHHHII 11a plp;ira'1)1oHH!le a@ieKm. 

PHc. 7 Bmmme aKc:repBMeH~Horo paspememtlr :aa :P'~llJIOHHO­
IICKaaeHHoe ce'!eHIIe KBa:myupyroro paeceJIIIJI!I 9JI61tTpOHOB 
C 9Hepl'llefi EI = 1, 5 raB ITO,!( y!'l!OII 0 = 25° !Ia yi-Jlepoit­
Holi Ml!'lle!m TOJlll1ZHOl! 0, 5 CM. 

KpliB8J'l I COOTBeTCTJlYe·r tJ.E, -j 01 
• <>E, =2%; A6l=S 0 

~-jo1 E:!) o. 

KpHBa.R 2 COOTBBTCTBYBT aEE,, =-1% i ~"" e_"jo i b.~= 1• 
Kpi!B8Jl: 3 cooTBeT·ouyeT AE, =1·1. ~- t.•,. 6 &-1· E, fol E3-'1fol-

l'l!lc.S PeayJl:&TaT .uel!cn :.( pa.umnli!OHHOll ITOnpaBRit 11 aKcnep!DieH­
=Horo paspememm na ce'!eHIIe KBallJIYili'Yroro pacclllT • 
Hllii MeKTPOHOB Ha 12c TOJlillilHOl! o ,5 eM. 



Pnc.9 CneRTp~ RBaa.yrrpyroro paccBHBRff aneRTpOHOB c aneprnen 

Er = I, 5 raB TIO)l yrJIOM 9 = 25° Ha ;n;eyx MI!III811llX, TI0-

1T]l8llJ18~8 Ha Ja)llmi1ilO~e B<Ixi!8RThl H 9RCH8pnM8HT8Jil>H08 

paspemeHne Ha I 2c TOJIJI1IIHOH I CM (KpHBaJl 2) H 0, 5 CM 

(RpHBaH I) H 4°Ca TOJIII!!!HOH O,OI pa)l.)l):\HH. 
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