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© ~...... HBCTKTY'I' ~epllWlt IICCJle,AO..... llYtIB&. 1985. 

E~e B 1957 r. ~eHHH, fleBH H PeHBeHxonn/l. OTMeTHnH Ba~HYO OCO
oeHHOCTb ¢opM~aKTOPHoro ~opManHSMa, HcnonbsyeMorO npH paCCMOT
peHHH ynpyroro pacceRHHR 6~CTP~X 3neKTpoHOB. OHH nO~4epKHynH, 
4TO TonbKO B ~OPM~aKTope "nOKOR~erOCR" pacceHBaTenR 

1 (q 1~ If (r)e Iq . r dr 
(q, = P- Po - BeKTOp nepe~aHHoro III 

HMnynbca) • 

~YHK4HR !(r) npe~CTaBnReT CTaTH4eCKoe pacnpe~eneHHe 3apRAa IHnH 
KHHeMaTH4eCKoro Ma r HHTHoro MOMeHTa/. EcnH ~e e CTb saMeTHaR 
OTAa4a pacce HBaTenR IAa~e, HanPHMep, cB06o~Horo npoToHa , a He 
npOTOHa B TR~enOM RAPe/, TO SAeCb y*e flr) npe~CTaBnReT co6oH 
Hano~eHHe ABYX ~YHK4Hi1, "KalKAaR HS KOTOp~X llopeH4eBCKH c~aTa, 
HO c~aTa B pa3H~x HanpaBneHHRX". 


OAHaKO KonH4eCTBeHH~e cneACTBHR 3~eKTa AO CHX nop He B~RB

neH~ Aa~e npHMeHHTenbHO K ynpyrOMY pac ceRHHQ BCTpe4H~X YllbTpa

penRTHBHCTCKHX 3neKTpOHOB, r~e OH B npeAnono~eHHH B03MO~Horo 

OTnH4HR $OPM~aKTopa 3neKTpOHa OT nocTORHHO~ BenH4HH~ AOll~eH 

6~Tb nOAaBnR~e BenHK. 


HH~e ~enaeTCR non~TKa Y4eCTb e ro B 3TOM nocne~HeM cnY4ae. 
AnR npOCTOT~ CHa4alla 6YAeM C4HTaTb BCTpe4H~e 4aCTH4~ nony


penRTHBHCTCKHMH. B CHCTeMe 4eHTpa Macc IC.4. M.I, COBna~a~eH 

C na60paTopHOH Ill~c./, 3neKTpOH-MHweHb HMe eT HMnynbC~ -Po lAO 

c TonKHoBeHHRI H -p Inoclle Hero/. n03TOMY B 11/ cooTBeTcTBy~ee 

2-3TanHoe cOKpa~eHHe Hcn~T~Ba~T npoeK 4HH pa~Hyca-BeKTopa r 

Ha BeKToPbl - Po H - Po RBllR~HeCR He TOllbKO aprYMeHTOM r(r), HO H 

3KcnOHeHTbI. Bcn~CTBHe CHMMeTpHH saAa4H onpe~ellR~HH penRTH

BHCTCKOe COKpa~eHHe ¢JaKTop y= E/mc2(E - nOllHaR 3HeprHR KalK~oro 

HS 3neKTpOHOB-napTHepOB, m - MaCca nOKOR) Ha 060HX 3Tanax OAH

HaKOB. 0603Ha4HM KOOPAHHaT~ B CHCTeMe nOKOR 3neKTpOHa-pacceHBa

TenR I C . n . I 4epes r en . 


Tor~a BBH~y Toro , 4TO COKpa~eHHe HCn~TblBaQT TOllbKO npoeK 4HH
-eo _'_. 

r Ha BeKTopbl -Po H - po a B 3KcnOHeHTe npeACTaaneHbI CKanRpHble 


npOH3BeAeHHR HMeHHO Ha 3TH BeKTopbl IKcTaT~/B ¢JoPM¢laKTopHoM 
¢JopManHSMe COAe plKHTCR, KaK 3TO nOKasaHO B , HH¢JopMa4HR TOllb-
KO 0 BbiweynoMRHYTblX npoeK4HRX, HO He 0 Bcex paSMepax no BceM
TpeM HanpaBlleHHRM/, HMeeM 
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OTMenlM CneAYlOIUY1O TOHKOCTb, flSI-ISWYIOCfI, nO-SI-IAHMOI1Y. OCHOS
HOH npH4HHO~ TOrO, 4TO He06xOAHMOCTb npe06pa3osa~1 KOOPAHHaT 
B CKaIlflpHOM npOIoiSBeAeHI-IH nOKaSaTeIlJl SKCnOHeHTbl e'q ,QO CHX nop 
He fiblIla ofiHapYlKeHa. ECIlI-I 6b! MbI paCCMaTpl-lBaIlH qr afiCTpaKTHO 6es 
Y4e~a nose,QeHHfI ~:n_B~ speMe H..." TO SSHAY Toro, 4TO KaK -PO' TaK 
H- p C BeKTopOM q = P-P~ COCTaBIlRIOT yron KOHe4HOH BenH4HHbl, CO
Kpa~eHHe npoeK~IoI"" ~cn fiblno fib! HeSHa4...,Tenb HblM. TonbKo nosTanHoe 
BO BpeMeH..., paCCMOTpeHHe COKpa~eH""R /CHa4ana - ,QO CTonKHoeeHHfI, 
saTeM - nocne Hero/ ,QaeT npaaHnbHblH pesynbTaT. 

npe,QnonaraJl, Aanee, CTaT...,4eCKoe pacnpe,QeneHHe 4e THblM OTHOCH
TellbHO ~eHTpa 4aCTH~b1 (f(r) = f( -r» 
B Pfl,Q, aHanor...,4Ho /2/ nonY4aeM 

cn 
2 q2 rq 2 . 

:f (q. ) = -e(l --«-- ) > + • •• l. 
2 y 

H paSllmKl-la 3KcnOHeHTY /2/ 

rq 
cn 

2 1 Cn L _ _ 
« -) > ~~--f ( r ) f(r)dr2 q

Y ey /3/ 

/I-IHTerpan (rtf) dr HOpM...,posaH Ha sapflA 3neKTpOHa -e/. 
~TaK, B 3KcnepHMeHTax no ynpyrOMY pacceRH...,1O cna60penRT...,e...,cT

CKI-IX 3neKTpOHOB BO BCTpe4HblX nY4Kax B Il.C./C.~.M./ HSMepReTCfI 
cpeAHeKsaApaTH4eCKaR IlopeH~-COKpa~eHHafl B y=--tas npoeK~""fI 

me 
AeHcTBIoiTenbHoro /B c.n . 3neKTpoHa/ paSMepa 3TOH 4aCT""l.\bI. 

nOCMOTpl-lM Tenepb, HaCKOllbKO npaBOMepHO 3TOT BblBOA MOlKeT fiblTb 
3KCTpanOlllolpOBaH Ha cnY4aH paCCeRHl-lfI 3neKTpOHOB YIlbTpapeIlRT...,
BHCTCK...,X. 

3AeCb penRT...,BI-ICTCKI-I-...,HBap...,a HTHoe SblpalKeHHe $opM$aKTopa 06b14
HO 3anHCblBalOT B SHAe 1st 
~ 2 iqx 4 
:f(q . )=Jf(x)e d x. 	 /4/ 

rAe 4eTblpexBeKTop ne peAa4H 3 HeprHH-HMnYIlbca HMeeT 3 npOeKI.\HH 
Be KTopa Ii: .=p - Po H 4-10 npOeKI.\""1O i ~E. Ho B cnY4ae pacceRHHR 
ynpyroro BCTpe4a~""XCR c 0AI-IHaKOBOH /e Il.C. =C.~.M./ 3Hepr...,eH E 
SJle KTpOHOB 6 E = o. n03TOMY MbI snpase sanHcaTb 

Co · 	 ~ iQT 4J 	(q. )= (f (x) e d x, /5/ 

T.e. sKcnOHeHTa B BblpalKeHI-IRX /5/ ..., /2/ O,QHa H Ta lKe, OTKYAa 
H B STOM CJlY4ae $opM~aKTOp HMeeT onpeAeIleH...,e /3/, s KOTOPOM 
cpe,QHeKea,QpaTH4e CKafl 
06pasoM: 

CD 

2 rq l. 1 
<r 	> = « --- ) > = _ _ _ 

q y e y 

npoeKI.\HfI <r:> nepeonpe,Qene Ha cIleAYIO~HM 

\en 	 2 4 4
(r ) f (x)d x; (Jf(x)d x = - e q 	 /6/ I. 

Y4eT TOlKAecTBeHHOC TI'I 3neKTpoHoB-na pTHepoB Ha pesYIlbTaTbI npo
se,QeHHoro paCCMOTpe H...,R He Bn...,R eT ..., MomeT fiblTb SblnOJlHeH Ofibl4HblMH 
MeTO,QaMH. 

O~eH""M Te nepb KoppeKT...,BbI, KOTopble cIleAyeT SHeCT..., B ""HTepnpe 
Ta~""10 I'IMelOll\...,XCR 3KcnepHMeHTaIlbHblX AaHHblX no yn~Yc.OMY pacc~H""RIO 

YIlbTpapellf1T...,B...,CTCKHX SJleKTpOHoe BO SC TpeYHblX e e -ry4Kax· 4.5/. 

npH OI.~eHKe fiYAeM npeAnonaraTb, 4TO npHaOA...,MblH B/4.5 npeAen 
"HeT04e4HOCTH,I 3neKTpOHa eCTb aepxH...,H npe,QeJl cpeAHeKsa,QpaTH4e
CKOH npoeKlI...,1-I V~> paA...,yca 3apflAOBoro pacnpe,QeneH...,fI 3IleKTpOHa 
a 1l.C./C.~.M./.4T66b1 nonyq...,Tb seIlH4...,HY 3TO~ npOeKI.\"""" a c.n. 
3JleKTpOHa,cneAyeT,KaK MhI BHAen..." ee sHa4eH...,e B n.c. AOM HOlKHTb 

E 	 + - + - /5l-1a 	 ~aKTOp y = 2. nOCIle AOMHOlKeH HR ...,MeeM: B n po~eccax e e ... e e 
me 2 

npH 3Hepr...,flX 2E = 5,2 r3B ; 30 r3B; 37 rsB y.\./<rq > OKasallHCb 
COOTseTCTBeHHO .s:2x10- 11 cM; ~0,6x10-11cM, ~ O,7xlU- 11 CM. BMeCTe 
C TeM H npH ~OTopom,QeH""H e~e- np..., 2E - 115 H3S yy<r~> ~10 - 11cM. 

KaK SHAHM, ace BblweynoMRHYTble ...,3Me peHHfI npH 3HeprHflX 3neKTpo
HOB OT 0,0575 AO 18,5 r3B Aa~T npaKTH4eCKI-I 0AHY ..., TY lKe senH4""
My /sepXHero npeAena/ paSMepa sneKTpOHa B ero c.n. _ 10 - tt cM -l~ 
(=3,86 x ler 11 CM/ . HanOMHHM . 4TO 6onbwo~ paAHYc a Konb~eBOH MO
AeJlH sneKTpOHa /6/ R = 3.87 x 10- 11 CM. 

B saKn~4eHHe ...,CKpeHHe 6naroAapIO r.B.E$peMoBa. B.K.HrHaToBH4a, 
n.C.~caeBa H B.H.nY~HKosa sa ~eHHble A~CKYCC""~. 
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T. o., S 3Kcne pHMeHTax C ynb TpapeJlRT...,s HC TCKHMH BCTpe4HblMH 
\-	 

e e -nY4KaM'E I'ISMe pflnacb TaKlKe cpeAHeKBaApaTI'I4eCKafl nopeHlI- cOKpa-
lI\eHt-Ia fl B y=- pas npoeKI.\...,fl ,,;<rG> . 
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