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'I 06mag Xapa.KTepHCTRKa pa60TJl 

AKTyaJU,HOCTI. npo6neMB. rny6oRoHeynpyroe pacceJ=IHHe aapmreH
HBX JleilTOHOB Ha HyRJlOHaX 

t +N ~ t + a,llpOHl:,I. (1) 

HBMeTCJI OCHOmmM HCTO'IHmtOM rui{po~ 0 CTpyKType HYKJlOHOB. B 
CBJI3H C POCTOM aHeprRH H nOBl,IIIl8HHeM TO'IHOCTH H3MepeHHf B aRcne
pHMeHTax no rny6oRoHeynpyrOMy nenTOH-HyRJIOHHOMY pacce.llllllll na~oe 
aHa<ieHRe npno6peTaeT TmaTeJ11,HJIB aHallHa pa,naannoHHux nonpaBOK. 

3HaHRe pa,naanzoHHIDC nonpaBOK K nporieccaM rny6oRoHeynpyroro 
EN -paccemirur Heo1xo,naMo JVJJI He,neyCMUcneHHofi HRTepnpeTar,,RH axc

nepm.1eHTaJlbHUX JtaHHBX. Pa,naanzoHHBe nonpa:mrn napymam cReiimmr, 
noaTOMy 6ea nx perum:cTaqecxoro yqeTa HeJJI,a,r OTBeTnTb Ha oonpoc: 
B RaROi Mepe CKeff.mmr napymaeTCJ=I CaMHMll CHJlbHblMH B3anMO,neftcTBHJ=I
MR. 

J{eTaJlbHOe pacCMOTpeHRe aneRTPOMarHHTHUX nonpaBOR (:II) K npo
neccaM rny6oKOHeyn,PYrro e(,-W -pacce.mmJI 6ana npoBe,neHO B 
pa6oTax Mo H Tcrut·1 

•
2 • PeaylffiTaTH 3TIDC pa60T HCnOJ11,30BaJlllCii npa 

aHaJ1Hse BCex BUilOJlHeHHUX .no cax nop axcneP.mAeHTOB no e N -pac
cemum npa 3HeprHB :meKTpOHOB JtO 20 rrul37, a TaRJKe no f-N-pac
cemum np!.'J aHe.PrHR MOOHOB 7 ra1/4/, 12 ra~5/, 56 raB, 100 raB 
R 150 raJYG-8/. 

B CB!i3R c Ha'Inil8.KlllllMRCJ=I B 1978 ro,ny na cynepnpOTOHHOM YCKO
pnrene UEPH•a axcnepHMeaTm.u/9, 101 no rny6oRoHeynpyror~y MDOH-HYK
JlOHHOMY paccemnm npn ::meprm MJDOHHoro nyqxa 50-280 raB MU npo
Be.na HOBOe nccnenoB81IBe 3Jl8KTpOMarHHTHllX: nonpaBOK, peayJl.LTaTH !{0-.. .. 
TOporo npe]tcTaBneHB B HacTOHll{811 JU!,CCePTa.uHH-

Heo6xo,ID™OCTL 3TOro llCCJieJtOBalilUI MH BR,neJlR B cne,nymteM: 
I. HexoTopue sxcnep:imeRTH no rny6oRoHeynpyroMy f.N-rncce,r

mm (CM. ,.HaJipHMep/11/} BHIIO.llllJIXlTCH B o6.nacTll (fl:2,- WI 2 ( Q -
H3MeHeHHe·4-mmyn.Lca nenTOHa, ~ - Macca MroHa). <il;~JI!l Mo a 
Tcan: Henpm&eIDIMH nJ)H TaRIDC q2 

, noaTOMY Heo6xo,nm.m HM8Tb TO'I-
HBe lpOJl,IYJlH. 

n. BHJ)rul[eIDUI JVJJI al B pa60Tef1/ co,nepata.T napaMeTp 11MJII'KOCTII" 
Ll , pa3Jt8JlHIX!lRH BKna,nB MJII'RHX R JK8CTKIDC qJOTOHOB. B- IIBKJ1l03ll_B

HHX aKcnepBMeHTax, O.IUI8KO, aTn Bitna,ng ~11311qecKn He paa.1teneHH, no
aTOMY llteJiaTeJl.LHO, qTo6B Bllpalltemm 6mm JlllHO ROBapllaHTHhlMll, "ITO 
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Il03BOMT Henocpe.I(CTBeHHo IlPilllleHllTI, RX K IlJiaHHpyeMblM :mcneg11MeH
Tatv, Ha ncTpe•rn11x ep(f,p) - ny,max (cM. ,HanpnMep/12, 1 /). 

Harne llCCJ!elIOBaJIBe :3JleKTpoMarHllTHllX nonpaBOK K rny6onoHeyn
pyroMy nenToH-HyKnoHHOMy pacceamuo npecnenonano Ta.K~e cne,ny!O!une 
~ 

1) IlOJlY'lHTI, Hif!OPMcilUi!O o BeJll1'll1He l1 -none.neHHn 3i1 IlPH BHCO
KHX aHeprHJIXj 

2) mmennn Te KnHeMaT11qecKne O'.>JlD.CTH rny6oRoHeynpyroro 
pacce.fIHH.fl ( ec;m TaROBIW HMeIOTcR), B HOTOPHX 311 mrnmero nop.fU(Ra 
CTOJl!, Bemma, l!TO HeJ1I,3JI l1CRJ1IO•rnTI, 3Ha'lnTeJ1!,H!,JX 3CN'eRTOB OT 311 
jonee BHCORllX IlOP.fl.ltROBj 

3) llCCJle)tOBaTI, Bonpoc o llYBCTEllTe.11!,HOCTll 311 R BHdopy no.n
romrn JtJl.fl cTpyRTYPHllX ¢ynm:1ntl; 

4) nccne.nonan npHMeHRMOcTI> npn nucmmx aHeprnJIX qacTo nc
IlOJ1I,3yeMux npl11JlllJKeHHh!X 10f.MYJI )tJl.fl OI(efil(R ]1, IlOJJy'leHHblX B 
Peaking Approximation//~ 

BTOpb!M BonpocoM, ROTOPIIB l1CCJle,nyeTC.fl B npe,ncTaBJleHHOfi .nnc
cepTaunn, .fIBJl.fleTca o6pasonamrn nos11TpoHHeB Ha ycRopnTeJlJIX aJieI<
Tpotton. 

3RcnepHMeHTb! C peJIJITRBRCTCRHMll Il03RTP0Hll.n:Ml1 Il03BOJl.fI!OT ocy
ruecTB,T!, nponepRy npeo6pasonaH11w cneunaJU,Hotl Teop11n OTHocaTeJU,
HOCTll 

14
/, l13MepliTI, P.fUl ROHCTaHT RBaHTOBOH aJieRTPOJtRHaMHKn, a 

TaR~e 113yqaTI, B3al1.MO)teMCTBlle peJIJITHBllCTCROro Il03llTPOHHJI C neme
CTBOM. 

l1ocne.nHJIJI rnana .nnccepTauni nocM~eHa TeopeTnqecRoMy pac
c.MoTpettmo npoI(ecca reHepamrn nosRTpoHnen aneRTPOHaMn, B3aHMO
.nei1CTBy~w,m c nemecTnOM. Ue}l!, aToro nccnenonaHnJI - nonyqnTI> 
l1H¢ol)MaI(l1IO 06 aHepreTH'leCRllX l1 yrJIOBh!X xapaRTepRCTHI<ax, a TaR
ilte o nmco.ne ojpasy10m11xcJI ( e+e-)-aToMoB, 'ITO Heo6xom1Mo .nJIJI no
CTaHOBRll aRcnepnMeHTOB C peJl.fITllBHCTCRR.Mll Il03llTPOHllilMl1. 

Bhl'lllCJleHnJI, npone.neHHh!e B .n11ccepTaI(l1n, OCHOBaHH Ha e.nnHOH 
ROBapnaHTHOH npoue,nype, Il03BO~etl IlOJIY'lllTI, cneRTpafilHHe xa
paRTepHCTllRH :3RCRJ1!03llBHllX l1 llHI<Jll03l1BHllX peaRI(llH des RaRllX-M60 
npl16JIBJKeHH» l1 n JIOpemi;-llHBapnaHTHOti qiop,,e. 

. Hay'lHaJI H0Bll3Ha pa60TH. Bnepnue IlOJly'leHbl TO'lHble nopeHI(
llHBapnaHTHHe <J;op.MyJlH .nJIJI aJieRTpoMarHHTHh!X nonpanOR Hnsmero no
PJI.ItRa R HenpepHBHOMY cneRTpy, cnpane.n;mnue Bo ncefi RHHeMaTn'le
c1w» odJiacTH rJiy6oRoHeynpyroro BN -paccemnur. 
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Eatl.neHHble (l)OIJMYJIH He saBHC.fIT OT napaMeTpa "MJII'ROCTll". 3To 
JIBJUreTC.fl OTpaiite.HReM Toro cpaI<Ta, l!TO npa liHKJll03llBHOH nocTaHOBRe 
3RCilepllMeHTa MJirRlie l1 JKecTI<ne (EOTOHH (pll3H'leCRl1 He pa3Jlll'lllMll. 

PaccMoTpeH qacTH!IB cnyqai1 ~OPMYJl ,!J;JIJI 3fl R HenpepHBHOMY 
cneRTPY, ROr.IJ;a CTPYRTypHble qiyfll(Ullll y.zi;onneTBOP.fl!OT 61,epReHOBCROMy 
CReRJlllHry. 

B .IJ;nccepTaun11 .naHo nepnoe noJ1Hoe TeopeTuqecRoe paccMoTpeHrre 
reHepamrn Il03llTPOimen npa B3allMOJ(et1CTBllll. aJieRTPOHOB C nemecTBOM. 
BH'lncneHu aHepreTR'lecmrn u yrnonue xapaRTepucTmm pol:{.na!OU.lllXCJI 
napa- ll opTOil03llTPOHlleB. C.nenaHa oueHRa Bb!XO.IJ;a (e+e-)-aTOMOB B 
napa- n opTO-COCTOJIHllll~ -ROTOPHR MOlKeT 6HT!, J(OCTlll'HyT Ha cymecT
BYIOIIlllX YCROpnTeJIJIX aJieRTPOHOB. 

DprutTJJ:tfecRaJI neHHOCT!, pa60Thl. Pesy JII,TaTH llCCJie.nonaHHJI 3JieR
TPOMarHllTHHX nonpaBOR R rny6oROHeynpyroMy nenTOH-HYRJlOHIIOMY pac
ceJIHll!O llCITOJl!,3YIOTCJI npn ITOJ(rOTOBRe 7orpaMMHOro o6ecneqeHIDI npe.n,
CTOJII!lero COBMeCTHoro aRcnepl1MeHTa"9 (UEPI!-.lly6Ha-l,1IOHXeH-Cc.KJie). 

B RHHeMaTnqecRoi-i o6JiaCTH aToro :rncnepnMeHTa o6Hapy11(ena yc
Toi-iqnnocTI> 3Jl6I<TPOMarHllTHHX nonpaBOR OTHOCllT8.11!,HO BH6opa no.nron
Rll CTpyRTypHh!X ~YHI<Ullll. 3TO o6cTO.fITeJl!,CTBO Il03BOJIJieT ynpocTHTI, 
anropnTM, Ha ROTOPOM OCHOBaHa npoue,nypa yqeTa 3Il. 

Hafi.IJ;eHHble sanpeTHUe o6JiaCTl1, r.IJ;e He.11!,3.ff llCRJl!O'lllTI, 3Ha'lHTeJII,
HhlX a(fxlieRTOB OT an BHCORRX nopH)tROB, ORasaID'ICI, BHe mrneimTl1tfCCR11X 
rpaHllu npe.ncToJimero a1tcnepnMeHTa_l9/_ 

B .nnccepTaunn noRasaHo, l!TO Ha cymecTnymmnx aneRTPOHHHX yc
RopnTeJlJIX (ROJl!,I(eBllX ll JlllHei1HhlX) MOlKHO nony'laTI, .IJ;OCTaTOl!HO llH
TeHCllBHlle ll xopomo CliJOPMHPOBaHHh!e nyqRrr Il03llTPOHHeB. 

PesyfilTaTH npone.n,eHHoro B .nnccepTaI(lll1 nccne.n,oBaHll.fl MoryT 
6HT!, llCil0Jl!,30BaHH npll.' nnam1po'BaHllH aRcnepH.MeHTOB C peJIJITRBliCT
CRl1Mll IT03llTPOHl1RMll Ha ycRopnTeJlJIX aneRTPOHOB. 

,Cnenyromne pe3yJII,TaTH.BHllBliraJOTCJI llJlJI samHTh! •. 
1. BHBOJ( TO'lHllX nopeHIL-11HBapnaHTHHX CJ.10PMY Jl J(JIJI aneRTpOMaT'

HllTHh!X nonpaEOR Hll3mero IlOPH.ItR'a B rny60I<OHeynpyroM nenTOH-HYRJlOH
HOM pacce.fIHllll. 

2. Peay Jl!,TaTH 'lllCJlellHHX_ pac'leTOB aneRTPOM8{HllTill,JX nonpaPOR 
R rny601<0Heynpyr0My f-~ -pacceJIHHIO npH aneprnu MIOOHOB 50-250 raB. 

3. 11ccne.noBaHHe BOnpoca O 'lYBCTBt!TeJII,HOCTll 3l1 I< BH6opy no.n
rOHI<H .zi;JIJI CTPYRTYPHHX ¢YHI<Uni-i. 

4. TeopeTnqecRoe 11ccne.n,onaHne npouecca o6pasonaHIDI nn3HTpo
nnen npn B3aHMo.neifoTBllll 3Jl8RTPOHOB C nemecTBOM. 
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AnpodaunR na6oTH. DcHOBHHe MaTepnaJl!:l .nnccepTa!Ufll ,nOKJlaJUIBa
JlllCii Ha ceMirnapax Jfa6opaTopnn TeopeTnqeCI<OH $1snKn n Jia6opaTopnn 
R.nepmnc npoeineM OH.ffi1, Ha ceccnn OT,qenemm R.nepHoi1 qmsmm AH CCCP 
(MocRna, 1975) n Ha conelllaill1ll OJ.1.ffi1-UEPH no MJOOHHOMy ::mcnepRMeHTY 
(nyoHa, nmfil 1977). gacTii pesyJ1I,TaTOB 6u.na npe,ncTaBneHa Ha XYIIT 
r.:eatAYHapo,nHyID ROH(Ilepeimruo no (j)nsnRe 131ilCORllX: 3Heprnn (TOMJlllCll, 
1976). 

Hy6Jll1Ramui:. no pesym,TaTaM A:nccepTannn onydJ10.RonaHo mecTii 
CTaTe11. 

OcheM paOOTl,l • .UnccepTaUM COCTOllT 113 BBe,lleID!P., tJeTHpex rnaB, 
:iaKJIIO'leHnll 11 Tpex np1rnoliCem1ii. Kam:,nM rnana -cHa6r.reHa pacmnpeHHOH 
aHHOTaI.1,Ren. PadoTa CO,I(ep:irn:T 125 CTpanim, BRJlIOqM 26 p11cyHKOB ll 

d!1dJlllorpaqm11eCRI1H Cill1COR JIBTepaTypbl li3 104 Ha3Balilli!. 

Conepl!taH11e padOTH 

Bo BBe,l!emrn odocHoBHBaeTcR nHTepec R nsy11emuo BonpocoB, pac
cMaTp11roeM11x B ARCcepTar.urn., H ,I(aeTCJI H3JlOllteHue OCHOBHHX pe3yJ1I,Ta
TOB ll DHBO,I(OB '.'liccepTamm. 

IIepBaR f'JlaBa HOCHT BBO.I(Hl,I~ xapaR'l.'ep. B pas,neJle 1.1 <rOPMYJlll
pyeTCJI npodneMa pa,nllffiUiOHHHX nonpaBOR K r.nydOKOHeynpyf'OMy eN -
pacceJililiID. Bo BTOPOM pas,neJie no,npo6Ho odcyJK,naroTcJI aneKTpoMarflll.T-
1me nonpaBK11 mrnmero nopR,JJ;Ka: 

2Ref X(J:f l:X)} 
1 2 3 4 

(2) 

+/):>1 l/' 
5 6 1 

4 
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ApryMeHTHpyeTCR .I(OCTOBepHOCTI, MO.I(eJl.I,HO-HesamicHMoro pacqeTa nen
TOHHHX :II (BK.na,n .n11arpaMM 1,2 n 5,6) B par-max: OCiHtJHOH KBaHTOBOH 
3JleRTp0.I(l'!HaMl'IRll. 

B pas,nene 1.3 OTMeqaeTcR, qTO B HaCTOffil\ee. npeMJI H3-3a MO
,neJII,HHX Heonpe,neneHHOCTe:H "cJiadHe" nonpaBRll, OTBetJaKIIU!e B03MOIK
HOMY BKJiaAY HefiTpaJl.I,liHX TOROB, He MoryT CiHTl, Bl,lqncneHH HaCTOJl.I,RO 
Toqno, qTOCiH nx MOJ!tHO 61rno BRJlIOtJHTI, B npoueAYPY ytJeTa pa,nnaul!OH
HHX nonpaBoR. 3aBepmaeT rnany ,neTaJl.I,HOe paccMoTpeAAe ~nsnqecKofi 
odnacTn O.I(HOtJaCTiltJHOro cneRTpa B Tex IlHBapllaHTRHX nepeMeHHHX,RO
TOpHe UCilOJlb3YIDTCR B cne,ny!OIIlllX ,nnyx r.nanax. 

Bo BTOOOH rnaBe .nnccepTall,Rll paccMaTpl!BaeTCR BKJia,n pa,n!!aI~l!OH
HOl'O :imoc'l'a. OT ynpyroro mrna, T.e. npouecca 

t-,.N_, t + J'+ N (3) 

B nsMepJieMoe ceqeHne rny6oRoneynpyroro nenToH-nyRJlOHHoro pacceR
nrui:. 

B nepnoM pas,nene no,npoCiHo irn.nameTcR R11neMaT1ma peaRI.l,Rl! (3). 
B pas.IJ.ene 2.2 BHtJl'ICMeTCR llHBapl!aHTHOe l!HRJlID3IlBHOe ceqeHl!e ynpy
roro paA:naI.1,ROHHoro XBOCTa, PesyJII,TaT nr~eeT Bim: 

d2rrJ.t;:ic1.j.2 jJt ftG 2if)j it'+ G:~)+r:G/{t) S (i)l <4> 
d;:r. 1 il,s /I f2. l I 11 ( ~ 1 (/,I f + 1: :l lj ' 

r.ne 4 (f) l'I ,52 {i) - BHtJl!cnenn1,1e (j')yHRI.l,RH. B nupa1Kennn (4) X n 
Jf - oeimHHe cKei!Jlllnronue nepeMerume, t - RBa.JJ.paT nepe,nannoro 

HyRnoHy l!MllyJII,ca; A,s= j,.2.- 41ri2-M~ , $=Jl'1E , ?: = t/1tM2
; 

tn .n M - Macc1,1 nenTona n nyRnona, f - aneprnJI HatJam.Horo nenTo
na B n.c. 

B TpeTI>eM pas.nene o6cylK.l.(aroTcR pesyJlbTaTH qacnenHHX pactJeTon 
nHRJIJ03l!BHOf'O cetJeHl!JI npouecca 

f' +p-':-f-+-J'+ p (5) 

PesyJII,TaTH.BHtJl!CJleHn7i C@BHilBaIDTCR C pacqeTOM no npndJllllKeHHOH 
q10:pMyne (C.11) pa60T11l1l. '11ormsaHo, tJTO npn pacwaTp1rnaeMHX aHep
rnm paMaUl'IOHHHH XBOCT OT ynpyroro Ill!Ra JJ.aeT cymeCTBeHHHM BRJla,JJ; 
B nsMepReMoe cetJeH!1~ rny6oRoHeynpyroro RN -paccem,JIB B .nocTa
TOtJHO odmnpHoiJ Rl'!HeMaTnqecKOM OC>JlaCTil. Oco:5eHHO OH 3HatJl!TeJieH B 
B odnaCT!i MaJll,IX X ' RDTopaJI npeJJ.CTaBJll:WT ?DJlbillOM IlHTepec C TOtJ
Rl! spemrn 3RCnepnMeHTam.Horo odnapyl!:eHHR qacTliU: C !IOBUMH RB8.HTO-
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BHMH qac.11aMa/
15

/_ YcTaHOB.11eao, qTo .nrur pacqeTa nKna.na ynpyroro 
pa)Ulau11om1oro xnocTa npa B!lCOKllX :rneprnmc Peaking Approximation 
aenprrMeIIBM. Pa3.ne.11 2.4 co.nep!KltT KpaTirn.e B!lBO.IUI. 

B Tpenei1 rnane .n11ccepTar.um npono,nRTC.lI Rccne.nona.u.ne nenToH
HHX ffi H113mero nopamm K HenpepHBHDMy cneKTpy B rny6oKoHeynpyroM 
eN -paccemnm. TionyqeHU TOqHue nopeHU-3!:HBapRaHTRHe cpo~yJlH .I(Jl.ll 

a.neKTPOMaPHRTHUX nonpaBOK K HenpepUBl!OMy cneKTPY, npllMeHm.me BO 
ncei-i RRHeMaTaqecROH od.nacTR r.11y~oROHeynpyroro pacce.1IHR.1I. 

B pa3.nene 3. 1 pacCMaTpnnaeTC.lI RRHeMaTRRa pa.llllfilUloHHoro XBOC
Ta OT HenpepHBHOro cneRTpa 

e + fl/ - f + J + a.npOHH, (6) 

,WTOPHH npn llHKJlJ03RBHOi-i IlOCTaHOBRe _ 3KCilepRMeHTa HeOTJlllqllM OT npo
uecca (1). Bo BTopoM pa3.ne.11e nuqacJ1.1IeTc.1I RHnapnaHTHHH cneKTP nen
T OHOB B peaKURll ( 6) ( BK na.n .mmrpaMM 5 , 6 BllpallteHR.ll { 2)} • B pa3.ne
ne 3.3 npoBOJ.(aTC.lI YCTpaHeHRe mi:.fpaRIJaCHOti pacxO,J:lllMOCTH, npncyTCT
nyme11 B RHRJI.ID3llBHOM ceqeflRll npouecca (6). Ilpn 3TOM RCilOJII,3yeTC.lI 
RonapuaHTHrur npoue.nypc/16/ oT,nenemrn naqrpaRpacao pacxo~eitc.ll qa
CTR ceqeall.ll. nrur BKJla,na Pa.nRaUROHHoro XBOCTa OT HenpepHBHoro cneK
Tpa B HadJ1RJ,naeMoe ceqeHRe rny6oxoaeynpyroro paccemrnH nonyqeao 
cne.nyl0!!1ee BHpa)lteHne: 

IR F d 2o; ,/,2·(1;. d 2<Tn 
~- R. +~ d,x'1- dx,J! d,xd,1 J (?) 

J, ¼,_IR d¾J:. ~ IR .!::!0!.8. - __ o . - D_ 
d_x.d.J' - dxd:t :,c R. , 

• F 1 t~ 
d
2o;, _ ~c<~.z Jct~JJt r _1_ pit)- _j_ tI\t) 7 

d-:K.dj - i}$ µ ;f-:x, .,t . LJ:zt (-', xay (3, 'J , 
/MUI 

j (J,-t)=ZM~ {1,t)16,t)+ v~p,t); { ~,t) J 

,5I"6, l)= JM~ (,,, ~4{1,t)+ )I~ F, ~ <R(3, t), 

6 

(8) 

(9) 

{10) 

(11) 

r.ne GP.IR. , ~ 6,-t) ' 4 (1,-l) ' ,f'ri,t) Il '4IR6i) - PH-

qacneHHHe qiyHKIUrn, v,r;.erauae .nocTaToqao npocToil nn.n. 3,ncc.h ~=t/T, 
T = i + M/-M2 

, M5 - 1mnap0.aHThaH Macca cncTeMu Kone'!HHX a,npo-

HoB; Y = Sx;t , 4_= t!,d' ; . 

V=S-Y/1 .x 

_ v(tx ± DiJ+JM2.Y 
t1110Jt,MAi-Vi- Z(V/J+M2) 

• "liy=t!>/+~_M:i.Y • 

( 12) 

) 

B pa3,nene 3.3 np1me,neHH TaKlKe ~·opMyJlll ,nJlJI BR®}l.a .TI,aarpamt. 1 u 2 

- d ~<Ty /rlxd;t B npnwrrm:: HaMa O6O31iaqeHl-l.HX. 
B qeTnepTOM pa3.nene B npe,nnOJlOlK€HRll, '!TO CTPYRTypHHe iJy1m-

mrn 2M¾ R v v/2 y.nom1~TBOPmoT dI>epKeHoncKoMy crrnflmrnry: 

(13) :m"{ (-s,-t)= 11 (j) , VW2 {j,fJ== '!, t:1. (3) , 
nonyqeHo Bb!palKeHRe .nrur KOHeqHofl qacTR ce'!eHR.lI cl¼;_o/dxd;J B Ba-

3 .ne O,ll,HOKpaTHOro RHTerpana no 
Pa3,nen 3 .5 IlOCBfflil€H oueHRe 3Il K HenpepHBHOMY cneHTPY B npu-

6JllllK€illUl CKefiJlllHra. Ilpnne.neau peayJII,TaTU pac'!eTOB 3JJ.€RTPOM8rHl-l.T
H!.X nonpanoK B r.ny6oRoHeynpyrofi ·o6nacTn no Hai1,nemrnM TO'!HHM rI;op-
My JJ.aM a q:opMynaM Mo a Tcrur. JlM cTpyRTYPHHX <]?YHjUitil { {x.) 1-1. 

/:1. (x) 6panacI> nx ::rncnepl-1.MeHTaJII,HaH no.nroHRa 17/ n paMnax 
napTOHHOtl Mo,neJlll ( l {x) = fa. (x.) ) , ocHonannaJI Ha a11aJ1R3c 
,namrux no rny6oRoaeynpyroMy e p -pacceJIHHef18/ • 

B mecTow, pa3,nene npono,n.HTCH 6onee peam10Tuqec1rne wqacne
HruI al I< HenpepHBHOMy cneKTPY • JIM CTPYKTYPHHX QJYllKURfl 11CilOJII,-
3YRlTC.lI noneiimne pe3y JII,TaTbl aHamrna Mnponm:: ,naHHHX no aneRTpopo)lt
,neHRID a,npoHOB B pe30H8HCHOH/19/ R rny6oROHeynpyroi-l201 o6nacTmc 
(E= 20 rsB) c nocne.nyIDmei-i aKcTpanoJJ.lIUlleil B o6nacT.h BHcmrnx snep
rnif (cM • .J;mc.1 1-1. 2). · 

llaiJ.JJ,eHo, qTo B doJl.hmen qacTH KRHeMaT1-1.qecKofi odnacTR (.no 
X ~ o, 1 npn E=250 rsB) nonpaBR~! He '!YBCTBllTCJl.hHH K nudopy 

no.nroHRR CTPYRTYPHHX 4JYHRURfi. O~hiapy)lteHhl 3anpeTHUe ,nJUI 3KCil€pll
MeHTa odnaCTll ( B6Jlll3ll Y.- =1), B ROTOPHX H€Jl.h3.fI ll.CI{JllO'!UT.h 3H8'!ll
TeJII,HHX aqi:jleKTOB OT 3Il -BUCOIU!X IlOPH,nROB. ½ccne.nonmrne npaMeHUMO
CT.U (l'.iopMyn, nonyqeHHHX B Peaking Approximation , nORa3a
JIO, '!TO ,nJLq pacqeTa ffi R HenpuBHOMy cneRTPY 3TO npa1mu,erorn XO-

7 



[: 
I 

PRc.1. 

O.Jl b(:x:,y) :x: u 
I 

0.2 

0.1 

0 

-o., ~
.---· . ..., ---·-·- -·- -·-· 

0.95 · 

-02 0.5 a !J 

JneKTpOMarHRTlme nonpaBKH R ce~eHHro npouecca 

fl, +I'-":?)'- + a.npoHH npH E=50 raB (niTPIIX-IlYHK

TRpHHe RPRBlle) R npa E=250 ~3B (cnJIOlllHHe RPHBHe). 

3.necr, 

( -:"\- /d~ J¾;\ /J¾;, 
◊I XJ/;== lJxd.3 +JxJ3-)/~ 

0.3l O (X,Y) 

D 
0.2 

0.1 

~ 0.0001 

0 I , , • t 
D 0.5 y I 

PHc.2. 3ReRTpoMarfill.THHe nonpaBKH K ceqeHHro npouecca 

jl + f 7 +a.npOHH B 06.nacTH MaJillX X (E=250 raB). 
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I' 

j 

(! 
/, 

j1 

A 
V \ 

ii 

l, 
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porno padoTaeT B Tex RHHeMaTRqecKHX 06.nacTmc, r.ne RMeeTcH ycTofiqn

BOC% 3II OTHOCilTCnI,HO BHCfopa no.nroHRn ,!l,M CTpyKTypHHX ®'HRUHll. B 
pa3.nene 3. 7 no.IJ.Ee.IJ,eHH RTorn npone.neHRoro nccne.nonaHM. 

tieTnePTM rnaBa ;mccepTawrn nocBfC.'.leHa. TeopeT11.qecR0My .accne

.nonaIDuo reHepauan Il03IlTpOH'.1eB npl:! E3°am✓.0.neiiCTEHl-1 3Jl8RTpOHOB C Be-

mecTBOM: 

e + l-=;,, e + Z -r A:?.e . (14) 

B nepBOM pa3,neJie npoBOJJ:lITCH .neTanI,HOe RCCJie,IJ,OB8.Hile ,j)U3Il'!e

CROll 06.naCTH Il3MeHeHM HHBapnaHTOB 3a.na~R. B pa3.nene 4.2 nonyqe

HH .nocTaTO'lHO npocTlle iJ'OPMYJlll (cnpane.nJ10.BHe C TO'!HOCTI,IO B HeCKORb

RO npoueHTOB), ll03DOJlfilaI!Il~ Ell'!MCmIT.b attepreTn'leCRRe l1 yrnomrn 

pacnpe.n.eneHM opTo- n napan03RTpoHRen, copa3yrou~xc.q B npou;ecce ( 1,1). 

Tart, HanpnMep, aHepreTR'!emmii cneRTP {e+e-)-aTOMOB rmeeT nn.n: 

dv
0
'
1 

- m2N°'J
1 

dt 2 \ f 0.,
1/4 \ 

dx =c¢ ii Mz t2F~)fl·Jy(!, (i)y/ (15) 

I,ll,e S 0(t, ,:J,) n j1{f,ny) - cpyHRUHH, Haii;neH!ihle C yponM 

MaTpHqEoro :rneMeliTa C llOMO!JU,IO nporpaMMH aIIaJIHTH~8CKHX BU'lHCJieHHi-i 

SCHOON SCH I~ 1211. 3.n.ecr, HH;neRCll D n 1 COOTBeTCTBYIOT 

napa- H OPTOil03RTpOHHBM j X , -/; H lJy - HHBapaaHTll 3a;naqu 

{ ::t: = :ZHK
0

, K.
0 

- aHeprM aToMa A28 B n.c., M - Macca ~); 

F{f) - aToMHllii qioprv11!)8.RTop; C = 0,3"" , <f =1,: Z o< • 
B TpeTI,eM pa3.IJ,eJie o6cyJK;naIOTC.FI pe3yJlbT8TH 'll1CJieHHblX pacqeTOB 

aHepreTRqeCKHX cneRTPOB TPHilJieTHIDC H CHHrJieTHHX Il03HTPOH0eB (CM. 

pnc.3 R 4). WccJieJJ.YeTc.FI TaR~e nonpoc 06 yrnonux xapattTepHcTHKax 

{e+e-)-aTOMOB. IIoR8.3ailO, '!TO .KOHYC BHJieTa Il03HTPOHReB B n.c • .no

CTaTO'lllO y3RHii. Ila npocTOH itoIJMyJie 

N=J;, (t - e-Lf!o)va1/q; (16) 

oueHRBaeTCH BllXO.IJ. opTO- ll napan03RTPOHHeB, KOTOPllll MOllteT 6UTI, 

.nocTHrRyT ·na cymecTBYIOO!HX ycirnpwreJIRX aJieRTPOHOB. B (16) J;, - nH

TeHCIDlHOCTl, ny'lRa aJieKTPOHOB, L - TOJl!lU1Ha MHmeHH, t0 = A/Oj,p"4 
(A - Macconoe q0.cJ10 v.runeHH, p - ee nJIOTROcTr,, 1 

122
r_cno Alo-

ra.npo}, a; - ceqeHHe pa3nana no3HTpoHHeB B remecTBe , a a'a -
IlOJIHOe ceqeHRe aJieRTpOpollf,Il,eHH.FI aTOMOB A2e Ha _impe. 

IloRasaHO, 'ITO llpll. 3HElprlll1 -a11eRTPOHOB 1 I'3B R RHTeHCRBHOCTH 

ROJlbIJ;eBOrO YCROPRTeJIH 1013c-1 Ha nonr,<t,pa.MOEO:li m11Delill oy)leT odpa-
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PRc.3. 3nepreTRqecRRe cneRTP!J napa- R opTOil03RTpOH.11eB _n:JlH BOJll,i;r
parrnBOri MRmeHR npR E=10 l✓.aB (Rp,rnHe 1 .11 3). lliTpRx-nyHRTJJP
ruie mmm1 2 11 4 COOTBeTCTBYIOT cneRTprul napa- H opTOil03RT
poHneB, BirneTa!(Jfi111X B KOHyc C 0 = 0, 1 pa.n:. Kpnme 1,2 H 
3,4 .n:aHH B MacmTa6ax neBoil 11 npaBoil mm1Jlhl. 

Pnc.4. To JKe, qTo n Ha puc.3, npn &1 raE 1,1 0 = 0,005 ~-

30BHBaTnCJI B qac 1200 aTOl!,OB A2e ,B napa- II 24 B opTO-COCTOJIHl111. 
Ha mrneiiHHX ycRopnTeMX · 3a cqeT 6om,mov. RH'I·_eHc1rnHocTR ny,ma aneR
TPOHOB MOzteT O!JTI, IlOJiyqeH CYllleCTDeHHO 6om,rrrnti B!JXO,n: Il0311TpOHReB. 
TaR, HallpRMep, Ha JlUHeilHOM YCROPHTene npn 3HeprHR 3Jl8RTPOHOB 10 

-15 1 
l1.3B R IIHT8HCHBHOCT.11 J;, = 6·10 c-: (3TO COOTBeTCTByeT TORY -10 MA) 
Ha BOJU,rj'lpaMOBOi1 MHmeHH 6y,n:eT odpa30B!JBaTI,CJI 35 napa- R 11 opTono-
3RTpOHReB B ceRYHAJ. B·pa3,n:e11e 4.4 co.rr,epr.taTCJI RpaTRRe B!JBOAH. 

.B 3a'RJill)tjeHRH·npHBe.n:em1 'OCHOBH!Je pe3ym,TaTI1 .IJ:RCCepTaIU{l1. 
B fipRno11rnHRH A paccMaTpnnaeTCJI nepexo.n: B cpa30BOM 06'.beMe pe-

8.RIJ,Ril 2 - 3 K. He3aBRCIDAI1M' RHBapmIBTHHM nepeMeHHl1M Ha npRMepe 
RRHeMaTURH ynpyroro pa,n:HaIJ,ROHHOro XBOCTa. 
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B Ilp1111o~eHRH B .n:eMOHCTpRpyeTCJI BlflRCJ1eH11e HH~P8.RpaCHO pacxo
_n;R!l!ei1cJI qacTM ceqeHRR pa,n;Ra.uROHHoro xnocTa OT nenpep!1BHoro cneRTpa. 

B Ilp1111oliteHHH B np11ne.n:eHH (oopMyJlH ,!l,JJ.<I BRJl~a pa_rt,HaIJ,ROHHOro 

XBOCTa OT HenpepHBHOrO CileRTpa B nepeMeHHHX f•·r· R t . 
OcHOBHH~ pe3ym,TaT11, nonyqeHHHe B ,n:ncceOTfilU!.H 

1. Ilonyqenu Toqnue 11openu-11Hrop11aHTHI1e r['opMy J1I1 .IT.JLq BR na.n:a 
ynpyroro pa,n:11arurnnnoro XBOCTa B H3MepJieMoe ceqeHRe H .n:M 3fi 1rn3-
mero nopH,n:Ra R nenpep11ru10My cneI{TPY, npl-'.MeIIBMHe BO Bceti mmeMa
TMqecRoti 06nacT11 rny6oROHeynpyroro 8#-pacceJIH11JI. PaccMoTpen 
qacTHHi-i c11yqaf1 (!OPMYJl .n:M 8fI R HenpepuBHOMY cneRTPY, Ror.rr.a cTpyR
TYPHhle <pymn:nm Y.IJ:OBJleTBOPJIIOT 6nepReHOBCROMy CReiimmry •. 

2. ilh!q11c11eHH 3JleI{TPOMarHRTHhle nonpamrn R I' ny60ROHeyrrpyroMy 
fl-f -pacceJIHRJO npR aneprRH MIOOHOB 50-250 raB c 11cnom,3oronHeM 

pe3ym,TaTOB anaJ1113a MHPOBHX .n:arumx no ynpyroMy 11 neynpyroMy ep -
pace eJIH.li.l\'.l. 

3. !ia11.n:en11 HRHeMaT11qecmie o6nacTH rny6oRoHeynpyroro paccerr
HHJI, r.n:e a11eKTpoMarHHTHhle nonpaBRR Hli!3mero nopJI,nRa cTom, BeJIRRH, 
qTQ HeJll,3Jl RCRJIDqRTb 3naqHTeJ1I,Hl1X aqqieRTOB OT 3IJ 6011ee B!JCORUX 
nopJI,n:RoB. TaR11e 3anpeTHHe o6nacTR pacno1101teH11 B:5Jll13R f =1 11 no-· 
3TOMy Tpy.n;no.n:ocTyilH!1 .n:M 3RCilepRMeHTa. 

TeM He MeHee, B11q11c11eH11e ai cne~JIO!!lero nop,mRa npe~cTaBMeT
cJI ~enaTeJll,HhlM ,n:M oueHRR TOqHQCTR npone.n;eHHHX pacqeTOB. 

4. Hccne.n:onan Bonpoc 06 ycT011q1rnocT.11 :II R nenpepl1BHOMY cneR
TPY OTHOCHTeJlI,HO B!JOOpa no,n:rOHRH CTPYRTYPHHX qiyHRIJ,Rtl. YcTaHOBJleHO, 
qTQ B 6om,meti qaCTH KHHe.MaTRqecROH o6nacTJi! r ny6oKOHeynpyroro ttV
paccemIBJI 3JleRTpOMal'HRTH!Je nonpaBRM He qyBCTRRTeJII,Hl1 R Bl:160PY no.n:

rOHRR .n:M cTpyRTYPHilX ~YHRIJ,Rti. 
5. IipoBe,n:eHO Rccne.n:oBaHHe npHMeHRMOCTH qiopr;iy n .n:M oueHRH 

a11eRTPOMarHRTH11x nonpaBOR, nonyqemmx B Peaking Approximation. 
06HapyllteHO, qTQ .ll;JlJI pacqeTa ffi K Henpepl1BHOMy CilfRTPY 3TO nprn5Jll1-
aeHRe xopomo pa6oTaeT B TeX Rli!HeMaTnqeCRRX o6JIBCTJIX, B ROTOPI1X 
ru.1eeTCJI cna6M qyBCTBHTeJU,HOCTb R cTpyRTypHl1M WYHRUIIJIM • .I{M pac
qeTa ~e BRJlaJJ,a ynpyroro pa,n:naIJ,ROHHDrO XBOCTa npH Bl1CORl1X 3HeprR-

mc Peaking Approximation HenpHMeHHM. 
6. TeopeTnqecKR paccMoTpena renepaIJ,RJI no3HTpoH.'1eB npli! B3aH

Mo.n:eHCTBRH 3JleRTPOHOB C BemecTBOM. B11qHCJ1€Hl1 aHepreTJi!qecRRe R yr
JlOB!1e xapaRTepHCTHKH o1pa3yJOOUl,XCJI opTO- H napano311TPOHHeB ,n:M 
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BOJU,<fparwBoi-l M11.rneH11. np11. :rnepr:irn aJ1eRTPOHOB •iO !i,aB n 1 raB. C.ne
J1aHa oueJIBa BHXO,na ( e+e-)-aTOMOB .B opTO- u napa-COCTO.f!HRR, ROTO
pHii MOJKeT CiJ:lTI, ,nOCTRI'HYT Ha CYil!eCTBYIOIIlliX ycRop11.TeJJ.f!X 3}leRTPOHOB 
(ROJJJ,U8BHX li lli1HeMHHX). 

TIOimsaHO, '!TO 3JleRTPOHHl:le ycRop11.TeJlli .fIBJl.f!!OTC.fI ,JCTO'!ID!Ra.Mli 
.nocTaTO'lHO liHTCHCliBHHX J.! xopowo C(J}OPMHponammx nyqROB Il03HTPO
mi:en. 
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