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0 KB8HTC'IIOM ABHIK~HHH CI06oAHt'l'"O ,)J'lt!KTDC>tll. 
1. 3HcprHII 'lOKOA H CBr:"Jb KBBHTCB >11 MCX.:l<Hl01 
(~ CTOXBCTH~CCKHMH npO~CCCaMH 

Pt"AHti~CPOBCI<h' APOIK3t<HC AHPllKOB 
01 Kat< KOne63HHC TJ)CX><ep IOrC' H30TpO:lHO co 0 

HHTe~:l;leTHiJYCT-

CHOBHOM C"'l-

~ -o"""" c weprHei1 t11"' ~= 2 " •onHcao 
H~~nCAOI3H8 B03MOIK~OCTb C,HCdHHA f"OICACH~ 

3nCKTPCI8 C ~O~>C ABYX KOOPAHHBT. 
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Abc•t Qt.: 1tur· Hotior• of a >ree Electron 1 Rest Energy 
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Proress£s 

T•,e Sc.~rJed 1ger zitterl:eweJ:.:ng of a Oorac e1ect•o;, is t'lter­
pretcC: as il vibra•ior of a t"'ree-~imel1s ona· usc. I' lator in a basic 

•tate wit" ef"Er~y ~'ficu mc2 ard a r~<-ve f,1ctio1 ¢ 0(") T"ere•orE' 
:l nnc;.~ihilLtu t-~ ....1•..._- .. .:."-- .... _ - • - ·- Z--- - • • • -

HccneAoBaHa B03MOmHOCTb cy~ecTeoeaHHR APOmaHHR 3neKTPOHa, 
KOTopoe HaKnaAbiBaeTcR Ha ero perynRpHoe nocTynaTenbHOe ABHme­
HHe. ApomaHHe MeAneHHoro 3neKTpoHa paccMaTpHeaeTCR KaK Kone-
6aHHe TpexMepHoro ~30TpOnHoro OC4HnnRTOpa B OCHOBHOM COCTOR­

HH~ C 3HeprHei1 ~1iw= me 2. npocTpaHCTBeHHOe pacnpeAeneH~e 
Kone6niD~erocR 3neKTpoHa coenaAaeT c npocTpaHCTBeHH~M pacnpe­

AeneHHeM CTOXaCTH4eCKH APOma~ero 3neKTPOHa, 4TO o6ecne4HBaeT 
B03MOmHOCTb CTOXaCTH4eCKH OnHC~BaTb ero KBaHTOBOe noBeAeHHe. 

HaeeCTHO /1,2/ , 4TO HAeR 0 penRTHBHCTCKOH HHBapHaHTHOCTH 

OCHOBHbiX 3aKOHOB <)>H3HKH H 0 paBHOnpaBHH KOOPAHHaTbl CO BpeMe­
HeM npeAonpeAenHna <)>opMy sanHCH ypaBHeHHR AHpaKa 131 H e~6op 

ero napaMeTpoe. no3TOMy HHOrAa roBOPRT/4/, 4TO Cy~eCTBOBaHHe 
cn1.1Ha BbiTeKaeT H3 TeopHH OTHOCHTenbHOCTH. Uenb HacTOR~es:l pa6o­
Tbl - noKa3aTb, KaKOMy ABHmeHI110 COOTBeTCTByeT 3Hepri1R nOKOR 
me 

2
, a TClKli e npi14HHY OTCYTCTBI1R KT1aCCH4eCKOH TpaeKTOPHH 

y 3neKTPOHa H cy~eCTBOBaHHe CBR3H MemAy KBaHTOBO~ MeXaHHKO~ 

~ CTOXaCTH4CCKI1MH npo4eccaMH. HCXOAR H3 o6~HX <)>113H4eCKHX npeA­
IIOnO)!(eHHi1, M:.l nony4aeM 3HaKOMble COOTHOWeHHR H CM~KaHHe penR­
THBHCTCKCi1 KBaHTOBO~ TeOpHH nonR /PKTn/ B ABYX npeAenbH~X 
cny4aRx : C KnaCCH4eCKO~ penRTHBI1CTCKO~ MeXaHHKO~ /KPM/ npH 

1.-+ 0 H C HepenRTHBHCTCKOH KBaHTOBO~ MeXaHHKOH /HKM/ npH e-+ oo, 

H3 KPM cneAyeT, 4TO CBR3b ~emAY MecTononomeHHeM co6~THR 
(X, y,z) H MOMeHTOM BpeMeHH (t), B KOTOpOM OHO npOH30Wno, H3Me­

PRe~IX B ABYX CHCTeMaX OTC4eTa, OCy~eCTBnReTCR npeo6pa30BaHI!1eM 
JlopeH4a /5-7 I: 

x' = x; y' = y; z' = 

,jl-u2 
t'= 

t + (uz/e) 

,jl -u2 
/1/ 

3AeCb (x, y,z, t) - KOOPAHHaT~ H BpeMR C06~THR, H3MepeHH~e 
HenOABH)!(H~M Ha6niOAaTeneM, a (x~y~z',t') - KOOPAHHaT~ H BpeMR 

3Toro me co6~THR, H3MepeHH~e APYrHM Ha6niOAaTeneM, ABHmy~HMCR 
C noCTORHHOH CKOPOCTbiO V=Ue. npeoepasoBaHHe /1/ noKa3~BaeT, 
4TO npOCTpaHCTBeHHO-BpeMeHHOi1 HHTepaan 

e2t2-x2 -y2-z2 =(et')2-(x')2-(y')2-(z') 2= 8 2 /2/ 

COXpaHReTCR H He 3aBHCHT OT B~6opa KOOPAHHaTHO~ CHCTeM~. Ta 

l ~ q· •• ~ 
••· 1 ,. ··o·r·.;..·:• ::'~ t 
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K~M me npeo6pa3oBaH~eM cs~3aH~ aHepr~~ E ~ HMnynbc p 

THI..Ibl /5-7/. 

P~=Px· P~=Py' P~= 
p z + (uE/c) ; E, = E + vpz 

yl-u 2 yl-u 2 

4ac-

/3/ 

nerKO npoeepHTb, 4TO pa3HOCTb KBaApaTOB 3HeprHH H HMnynbCa 

E 2_c2(p 2+p'2 +P 2) =(E ') 2_c2[ (p ')2 +(p ') 2 + (p ')2] ~m2 c.4 141 
X Y Z X y Z 

Tome coxpaH~eTC~ H He 3aBHCi-1T OT Bbl6opa_, KOOPAI-1HaTHOH CHCTeMbl 

H3Mepei;i~~. Pen~THBHCTcKa~ HHeapHaHTHOCTb. /4/ eenH4~Hbl ::mepr~H 
noKO~ mc2 4aCTHI..Ibl noKa3b1BaeT, 4TO OHa He 3aBHCHT OT CHCTeMbl · 

OTC4eTa, H no3TOMY ee HeJlb3~ CBeCTH I< 3Hepri-1~ paBHOMepHO 

nocTynaTenbHoro ABH!KeHH~ • 

. Aei:\cTBHTenbHO, ecnH e KOOPAI-1HaTHOH c~cTeMe K 4aCTHI..Ia He 

HMeeT paBHOMepHoro ~ nocTynaTenbHoro ABI-lmeHH~, T.e. ecnH e 

K Px = 0, p y= 0 H p z = 0, a aHeprH~ nOKOR E =me 
2 

,To c noM~biO 
npeo6pa30BaHH~ 13/ MOmHO nony41-1Tb, 4TO B CHCTeMe K' /KOTopaR 

ABHmeTCR co cKopoCTbiO v- ue OTHOCHTeJlbHO C!-lCTeMbt K I 4aCTHI..Ia 

L1MP.Th AOmKHa ... ·-. _ 
, mv 

HMnYilbC p = --­
yl-u2 

H aHepn;tiO 
E, = me 2 /5a,6/ 

yl-u2 

EcnH HCKn1041t1Tb H3 151 
JlRTHBHCTCKOe COOTHOWeHHe 

CKOPOCTb V, TO nOJ1Y4HM 3HaKOMOe pe-

E'=ey(p')2+m2e2. !61 

6epeTCR 3HeprHR nOKOR mc2 
KBaHTOBOe noBeAeHHe 

11MeHHO no3TOMY eamHo 3HaTb, OTKYAa 

~ CileACTBHeM KaKoro ABHmeH~R ~BJ1ReTCR 
3JleKTPOHa. 113BeCTHO yTBePlKAeH~e /1, 2/, 4TO He3aB~Ci-1MOCTb MaTp~­
l..lbl ax , a y , a z 1-1 {3 OT p 1-1 r noKa3b!BaeT, 4TO OHM AOilmHbl 

o603Ha4aTb COBepweHHO HOBble AHHaM~4eCK~e nepeMeHHble, KOTOPble 

on!-1CbtBaiOT BH:(TP~HHee ABI-lmeH~e aneKTPOHa A~paKa, cneACTB~eM 
t<OTOporo RBJ1ReTC~ ero Cni-1H 1-1 ero C06CTBeHHbiH MarH~THbiH MOMeHT, 

E~e B 1931 r. B COBMeCTHO~ pa6oTe/S/ naHAaY ~ nai:\epnc Ha-

3BaJ1H OW!-1604HbiM 4aCTO BCTpe4aiO~eec~ 8 TO epeM~ YTBepmAeHHe, 

'\i 
4TO KOMnTOHOBCKa~ AJlHHa me RBilReTC~ yH!-1BepCaJ1bHOH rpaHHL!eH 

T04HOCTI-1 Ail~ H3MepeHH~ KOOPAHHaTbl C noM~biO MeAJleHHO ABHmy­

~ei:\c~ 4aCTHI..Ibl. 0AHaKO HaM Kall<eTC~, 4TO HX BbiBOA H~14eM He nOAT 

eepmAeH. 
'Aei:\cTBt-1TeJ1bHO, MOlKHO Bb14l-1CJ1HTb onepaTOP CKOPOCTH 

19
•
151 

dr i' ~=-[H 
dt fl 

, r] = ca 171 

2 

.. , 

c noMo~biO raMHilbTOHHaHa AHpaKa 

Hn·=·c(a-p) + {3mc 2 . 181 

nony4aeTc~ napaAoKcanbHbiH pe3ynbTaT, 3aMe4eHI'Ibti:1 snepBbte bpei:\­

ToM191, a nOTOM <J>OKOM /10<~eHCTBHTeJ1bHO, H3 npHHL!Hna COOTBeTCT­

BHR cneAyeT, 4To a TeopHH A~t~paKa -onepaTop ca Heo6xoAHMo 

C4HTaTb onepaTOPHbiM npeACTaBJleHHeM BeKTopa MOMeHTHOH CKOpOCTH 

3J1eKTpOHa B TOM CMbiCile, B KOTOpOM MaTPHI..Ibl naynH ba/2 i1peA­

CTaBJ1~10T KOMnOHeHTbl ero CnHHa. noaTOMy, nocKOJlbKy C06CTBeHHbte 

3Ha4eHH~ onepaTopa a paBHb1 + 1 ~ To H3 /7 I cneAyeT, 4TO co6-

CTBeHHbte 3Ha4eHHR ..a6COJ110THO~ BeJlH4HHbl CKOPOCTH 3JleKTpoH·a l4ac­

TI1itbl CO Cni>IHOM 1121 '. BCerAa paBHbl CKOPOCTH CBeTa C. }lccneAYR 

$H3H4eCKit1H ·CMbiCJl ypaBHeHH~ .liHpaKa, lUpeAHHrep/11/ pewHJl 3Ty 

npo6neMy. Tal< KaK caMH MaTpHI..Ibl· a 3aBHCRT OT BpeMeHH, TO OH 

CHa4ana pew~n ypaBHeHHe AI1R 7Jk =·ak -eH-1pk 

d7J 
i'tl--k = 271 H =-2H7J 191 

dt k k 

H 3an~can ero peweHHe: 

21.!!!._ 
7] =7]06 1i 

k k 

2
. Ht 

- l-
1i 0 

7Jk /101 =e 

noTOM lUpe~HHrep CHOBa B03BpaTHJlC~ I< ypaBHeHJ.110 17/ ·H Hawen 
ero peweH~e 

Ht 
'Cfl 21--

r =a +c2H-1 p t+ - 1--(a -cH-lp ) e 11 
k k k 2H k k o /11 I 

I{OHCTaHTa ak eCTb nOCTO~HHafl HHTerpHpOBaH!tlfl lonepaTop/., HO 

oHa He RBilReTCR T04Hb!M 3Ha4eHHeM r k npH t = 0. C!-lMBon 

71o =(a - eH-1
p ) o6oaHa4aeT Hal..laJlbHoe 3Ha4eHt-1e onepaTopa 

k k k 0 ' 

71 k = (a k- cH-
1
p k). BTopotii 4IleH B /11 I pacTeT I111Hei1Ho· OT ape-

MeH11 CO CKOpOCTb~ ----
2 y 1-u2 mvk 

v = c • --:::::::::== 
k mc2 y1-u2 

1121 

COOTBeTCTBy~~eH HMnynbcy p k • no3TOMy nOCTORHHafl Ca k HIIJI<aK He 

CBfl3aHa C 3TOH CKOPOCTb~. nocneAH11~ 4J1eH B /111 HMeeT ~BHO 
nepHO.Qt-14€CK~H xapaKTep IT04Hee, BeCbMa cnomHbiH, no4T~ nep~OAH-
4eCKHH xapaKTep /11/j, VI noaTOMy ,qaeT 6biCTpO OCI..IHJ1Ili1PYIO!ll~H 
BKJlaA. BertH411Ha C7] RBJ1R€TCR CK9POCTbiO 3TOro BbiCOI<04aCTOTHOro, 

6btCTpo APO>Kau1ero ABH>KeHl-iR (Zitterbewegung) c Mano11 aMnm1TYAOH 

1i ---, 
me 

KOTOpoe HaKnaAbtBaeTCR Ha npRMOJ11.1Her::iHoe paBHOMepHOe ABH-

'3 



>KeHJ..1e co Cl<opocTbKl v k . no3TOMY s PKTn co6cTeeHHbte ¢lYHK1.11-11-1 one­
paTopa KOOPAI-lHaTbl 4aCTJ..11.1bl r y>Ke He HBJlHIOTC.R 8 -¢JyHK1.11-1HMJ..1, KaK 
3TO, 6blno AJlH onepaTopa r B HKt·1, a paaMaaaHbl no o6nac Tl-1 ,, nopHAKa 

w ti /18-15/ ' 
KoMnToHoBcKol-1 A111-1Hbl 4aCTI-11.1bl -- • BoT no4eMy e PKTn saai-1Mo-mc 
Ae~£TBJ..1e nOJlH C HepeJ1HTHBJ..1CTCKO~ 4aCTHL\e~ MaCCbl m He HBJlHeTCH 
noKanbHbiM, a aaBI-1CI-1T oT aHa4eHI-1H nonA· e o6nacTI-1 c paaMepoM 

t --,- 1-1 C L\CHTpOM B T04Ke, 11 HaXOAHTCH 11 4aCTHL\a. rAe 
me 
Anfl coxpaHeHH.R npH6JlH>KeHHoro npeAcTasneHHfl o A~>1>KeHHH OAKO~ 
4aCTHL\bl B PKTn s ~a4eCTBe onebaTopa KobpAHHaTbl 4acT~Libl cne­
AYeT 6patb onepaTop 'r ee q)eAHero JlOJlO>KeHHA' <r>, ycpeAHeHHOro 

no OO"beMy, Jll-tHe;~HbiM pa3Mep K()Top_oro JlOPHAKa KOMJlTOHOBCKO~ AJlH-

li 
Hbl 4aCTHL\bl ·me- • 

Aanbwe WpeAI-lHrep HccneAoBan aaBHCI-lMocTb seKTopHoro npoHase-
AeHH.R ( axa] OT speMeHIII ' , , 

...L[ ax a] = [ ~ x a] + [ a+ A] . 
dt dt dt 

TaK KaK 

- i1i da_ = 2(cp -aH) = 2( Ha- cp), 
dt 

TO BMCCTO /13/ MO>KHO 3aJli-1CaTb 

if!_!_[ ax a] = 4c( a xp]. 
dt 

C JlOMOil\biO /7/ 1-13 /.15/ MO)I(HO JlOJlY4HTb ypaBHeH!-le 

iflL{if'l[axa]- 4[ rxp]l =0, 
dt 

KOTOpOe HMeeT peweHHe 

·t 
[ r x p]- - 1

-[ axa] == const. 
4 

Ecn~-1 eocnonbaoeaTbCR paeeHCTBOM 

[axa1=2ia, 

10 1-13 /17a/ nony4aeM 

[r x p]+ ~a = const. 

/13/ 

/14/ 

/15/ 

/16/ 

/17a/ 

/18/ 

/176/ 

TaKHM o6paaoM, WpeAHHrep 
MOMeHTa KOJ1H4eCTBa ABJ..1)1(eHHR 

ypaBHeHI-1e ,qnR cnHHa 

nony4Hll saKOH coxpaHeHHR nonHoro 

en + ali "" jfi . Aanbwe OH pewH.n 

4 
... 

t 
1 
I . . 

ti ~ = -2c[a xp] 
dt 

1-1 sanHca.n ero peweHHe 

2i Ht 
a =a

0
-lh[axp]

0
H-1 e t 

/19/ 

/20/ 
''· 

3aTeM WpeAHHrep JlbtTancH npeACTaBHTb cnHH 3.neKTPOHa KaK c.ne,A­
CTBHe ero APO>Ka111ero ABH)I(eHH.R, 

HTaK, e111e WpeAI-1Hrep noKaaan, 4To 3JleKTPOH APOmHT c 6o.nbwo~ 
w mc 2 

4SCTOTOI<1 w - ~· 1-1 no3ToMy KOOPAfiiHSTbl ero ,PerynHpHoro ABI-1-

meHfi!R HeonpeAeJ1eJ-IHbl. nolleMy >Ke TOrAa He npHH.RTb, 4TO COOTHO­
lUCHHe HeonpeAeJleHHOCTI-1 /lB/ B Ae~CTBHTeJlbHOCTH He orpaHH4HBaiOT 

B03MO>KHOCTH OAHOBpeMeHHOrO fii3MepeHHR B3aHMHO AOJlOJlHHIOil\HX BenH-
4V1H 1141, a YTBep>KAaiOT: ecnH 4aCTHL\a HaXOAfiiTCR B Te4CHHe speMeHH 

~t B COCTOHHHH C Heonpe,qeneHHOCTbiO KOOPAHHaT ~r. TO B 3TOM 
COCTOHHI-11-1 HeonpeAeJleHHOCTH ee 3Hep r~-1111 ~E 1-1 HMJlYJlbCa flp 
AOll>KHbl YAOBJleTBOPRTb HepaseHCTBaM /15/: 

(~E) 2 (~t) 2 > .!:_ - 4 , 

2 2 11 2 
(~p k) (t.K. ) 2: 4 ' 

/21a/ 

/216/ 

Apyrl-lMI-1 cnoeaMH, 11106o~ sonHoso~ nakeT /Bn/ o6naAaeT orpaHH-
4eHHo~ BpeMeHHO~ L'lt 1-1 npOCTpaHCTBeHHO~ L'lr npOTR)I(eHHOCHIMH, 
YAOBJleTBOPRKlll\HMI-1 HepciBeHCTBaM /21/ 12•1:3/, ' ' 

HTaK,, see np~sHaKJT, 4To APOmaHfl!e 3JleKTPOHa Cyll\e~T,yeT, HO 
AllR ero''o6ci'ICHeHHfl npHBOAHT pa'3Hble npl-141-lHbl. HaflpHMep, B /17/ 

·naynH YTBepmAaeT, 4TO OCI.IHJ1J1Hpyl011\ee ABH)I(eHHe 3JleKTPOHa HBJlH­
eTC.R MaTeMaTH4eCKHM cneACTBHeM HHTep¢lepeH1.1HH 4acTeA Bn, np~-1-~ 
Ha,qnemall\I-1X K JlOJlO)I(HTeJlbHbiM V1 OTPHI.IaTeJlbHbiM 3HeprHHM /aapHAfJMt. 
AeAcTBHTeJlbHo, ecnH Bn CoAeP>KI<1T co6cTBeHHbte eonHoBble ¢lYHK41-1H 
/B<J>/ TOJlbKO OAHOrO 3HaKa 3HeprHH /aapflp,a/, TO p,pomaHHe 11 HC4e­
aaeT11 /lS,l9/, no3TOMY H AeJlaJlHCb JlOJlbiTKH H36aBHTbCR OT ~Torp 
HemenaTeJlbHo,ro ABH>KeHHfl, T.e. Ha~TH TaKoe npe,qcTa!JneHHe ypae­
HeHHR AHpaKa, e KoTopoM APOmaHHe 3neKTpoHa He H~eno 6br MecTa 
/Hanpi-1Mep, WpeAHHrep coxpaHflll TOJlbKO 4eTHYKl 4aCTb onepaTopoe 
1<1 OTKa3biBaJ1Cfl OT nepeXOAOB MemAY + COCTORHHRMH /20/; npeACTaBne­

HHe ¢lonbAH ~1 BoHTxoAaeH 12 11 I. HaM-KameTcH, 4To TaK KaK caMoe 
nnop,oTeopHo~ ypasHeHHe MHKPOMHpa - ypaeHeHHe AHpaKa coAepmHT 
B ce6e 60JlbWOM ¢JH3Hl!eCKH~ CMbiCJl, TO He06XOAHMO, AO KOHL\a 
HCCJleP,OBaTb 3TO ypaBHeHHe, a He B~6paC~BaTb TO, 4TO HaM JlOKa 
KameTCH HenOHflTHbiM, He06"bflCHHMbiM 1-1111-1 e111e He H3BeCTHbiM. 11MeHHO 
Jl03TOMY Heo6XOP,fi!MO o61>eAHHHTb BCe HMeiOil\HeCH TeopeTJ..14eCKHe 
1<1 3KCnepHMeHTaJlbHble AaHHble, KOTOPble JlOATBepmAaiOT, 4TO ABH)I(eHHe 

.s 



AMPaKOBCKOrO 3JleKTpOHa Heo6XOAI-1MO Om1CbiBaTb C nOMOIJ.IbiO ABYX 
KOOPA111HaT: r 1-1 b, T. e. 4TO 

R = r + b . /221 

npV14eM r .t:IOJllKHa omtCbiBaTb perym=tpHyto 4aCTb ABIIl>KeHM.A :meKT­
poHa co CKopocTbto vkll2/, a b- ero HeperynRPHOe, f.IPO>KaiJ.Iee 
ABI-1>KeHMe CO CKOPOCTbiO Uk. Hi-1>Ke YBHAI-1M, 4TO 3TO COOTBeTCTByeT 
pa3AeneHHIO nonHo;';i B<l> 3JleKTpoHa if/(R, t) Ha op61-1TanbHYIO if/(r, t) 
V1 CnV1HOBYIO if/ O (b) • 

,l.\aeHo BenToHI221npef.1nono>K!-1J1, 4TO Hynesoj;j cjloH /Hnl-1 sat<yyM/ 
3JleKTpoMarHJ-1THOrO nonA HenpepbiBHO B3aHMOAeHCTBYeT C Ka>KAbiM 
3JleKTpOHOM, B pe3yJ1bTaTe 4ero 3JleKTPOH HCnbtTbtBaeT QJJliOKTYaUMOH­
HOe H3MeHeHHe csoero nonomeHH.A. OgHaKo HaM.Ka>KeTcA, 4To 3TH 
Kone6aHHR MaJlbl AJlH co3gaHHH scero cnHHa 1-1 co6cTBeHHoro Mar­
HMTHoro MOMeHTa 3JleKTpOHa, XOT.A OHH MoryT C03f.laTb ero aHoMaJlb­
li)!IO 4aCTb. no3TOMy Mbl npef.lnOJla raeM, 4TO HaCTOfliJ.IClfl npl141t1Ha .Qpo­
>KaHM.A 3JleKTpOHa KpoeTC.A B ero CTpeMJleHMM M36e}l{aTb CI-IJlbHOrO 
caMoAe;';icTBMH, T.e. Hs6emaTb CMJlbHoro Aei:1cTBMR csoero 3JleKTpM-
4ec~oro nomt Ha co6CTBeHHbti:1 aap.Af.l. 

J.1TaK, eCJ1V1 ,qV1paKOBCKHH 3Jlei<TPOH CB060AeH, TO OH f.IOJl>KeH 
APO>KaTb, a l.\eHTP MaCCbl, OKOJlO KOTOporo OH APOlKI-IT, AOJl>KeH ABI-1-
raTbC.A np.AMOJ11-1HeHHO M paSHOMepHO CO CKOpOCTbiO V = [ v+ +V-)12, 
rAe v+(v-) - ero cKopocTb APei:1<t>a snepeA IHasag/. Lho6bt 
MCCJlef.IOBaTb TOJlbKO ero CTOXaCTM4eCKOe .t:IBH>KeHI-ie, Mbl f.IOillKHbl 
onHCaTb APO>KaHHe S CHCTeMe KOOPf.IHHaT, KOTOpa.A ABH>KeTCH BMecTe 
C ero ueHTpOM MaCCbl. B 3TOH I<OOPf.IHHaTHOH CHCTeMe npocTpaHCTBO 
Allfl om1CbtsaeMoro MeAneHHoro 3neKTPOHa H30TponHo, 1-1 no3ToMy ero 
APO>KaHHe ccjlepV148CKH CHMMeTpH4HO, T.e. ero CToXaCTH4eCKOe f.ISM>Ke­
HMe paBHOSepORTHO S J11060M HanpaeneHMH. no3TOMY BepO.ATHOCTb 
HaXO>KAeHH.fl 3JleKTPOHa 4epe3 BpeM.A r Ha paCCTO.AHMM b OT npe>KHero 
nonomeHH.A I r,Qe 3IleKTPOH Haxo.QMJlCH s MoMeHTe r = 0 I, AOil>KHa 
onHc~saTbC.A awpameHVleM: 

----· 
P(b, r) =A exp(~c y c2r2- b2) 1231 

:ho eAI<'IHCTSeHHO B03MO}I(HB.A peilRTHBitiCTCKI-1 HH8aplo1aHTHa.A KOM6!<1-
Ha1..11<1.fl, KOTopa.R npaBV1J1bHO Oni<'ICbiBaeT BepORTHOCTHble npOL!eCCbl 
II1HHei:1HyiD 3KCnOHeHL!I<1aJ1bHyiO 3BBV1CHMOCTb OT BpeMeHHI, KOTOpyto 
MO>KHO o6pB30BBTb 1-13 xapaKTepHCTMK npOCTpaHCTBB V1 3neKTPOHa. 
04~Hb Ba>KHO, 4TO 3TO T04HOe pei1RT1<1BMCTCKH MHBBPMaHTHOe Bblpa­
>KeHMe 1231 ~'!MeeT npaBHnbHYIO Hepen.AT~BMCTCKYIO aCI-1MnTOTMKY ' 

P (b, r) = A exp [ me 
2
r _ mb 2 ] 

1i 21lr • 
/24/ 

,6. 
.... 

y CJlOSHe HOPMVlPOSKI-1 sepO.ATHOCTI-1 P (b, r )
123

•
241 

fP(b, r) d3 b = 1 /251 

noKa3biSaeT, 4TO S J1106o;';i MOMeHT BpeMeHI-1 3J1eKTP9H HaXOAHTC.A 
r.t:~e-TO B npOCTpaHCTSe, V1 no3TOMY sepORTHOCTb Ha;';iT!-1 ero BO seeM 
npocTpaHCTBe pasHa 1. Ecn1-1 npMMeHI<'ITb ycnoBHe HOPMHpOBKV1 1251 
K aC¥~MnTOTH4eCKOMY Bblpa>KeHI-IID 124/, TO f.IJl.A HOpMI-1POB04HOH KOH­
CTaHTbl A nony41<1M SbtpameHI<'Ie: 

A=( m )3/2 exp(- mc2r ) • 
/261 

nocne nOACTaHOBKH 1261 B 1141 nony4aeM 3HaKOMOe Bbtpa>KeHVJe 
H3 Teop!-11<1 6poyHOSCKOrO f.ISI<'I>KeHI<'IR /24,25/ • . , 

- m 312 mb2 
P(b, r) = (--) exp(- -). 

2rr'fl T 2fl T 
1271 

113 1271 SIIIAHO, 4TO K03QJQJ1<1L!V1eHT 
11

A1<1QJQJY3V1H
11 

MMeeT 3Ha4eHHe 

D =1112m. 

Heo6xOAIIIMO O!MeTHTb, 4TO penHTHBHCTcKa.A He!-1HBap!-1aH~HOCTb 
yCJ10BI-1.A HOpMMpOSKI-1 /'?51 He AOil>KHa HaC nyraTb .• npl-1 nepeXOAe OT 
HenoASI<1lKHOH B ABH>KYIJ.IYIOC.A KOOPAHHaTHYIO CMCTeMy K' 3JleMeHTap-
Hblj;j 06"beM d3 b nepeXOAHT B d·~', npH4eM 

d 3b , = v 1 - u 2 d 3b 1281 

Ho TaK KaK 4MCJ1o 3J1eKTpoHOB He H3MeH.AeTCH np1-1 nepexOAY,'I-13 OA­
HO~ KOOPAMHaTHOH CHCTeMbl B APYryiO, TO MHOlKMTeJ1b (1-u2 f/z TOJlbKO 
nepeHOPMHpyeT KOHCTaHTY A V1 HapyWI-IT ccjlepV14eCKYIO CHMMeTpl-110 
B 1251. no3TOMy Bbl6op CV1CTeMbl OTC4eTa CyiJ.IeCTSeHHO He sitHReT 
Ha KOHe4Hblj;j OTBeT, 

J.1asecTHO 123, 24,28/, 4TO APO>Kal.l.lee ABM>KeHI-1e CB060AHOro 

3J1eKTpoHa MO>KHO paccMaTpHsaTb KaK cso6oAHoe 6ny>K.t:!BHI<1e I cToxa­
cTM4ecKoe ABVl>KeHI-lel, np~-1 KOTOpOM He TOJ1bKO ABV1>KeHI-1.A pa3Hb1X 
~J1eKTPOHOB He3aBHCHMbl APYr OT APYra, HO M ABV1>KeHI-1R OAHOro 
H Toro me aneKTpoHa s pa3Hble npoMemyTKH speMeHV1 Tome He.aasH­
CHMbl APYi"' OT f.lpyra, noKa 3TM npoMe>KyTKM OCT BlOTCH He CJ1HWKOM 
MaJ1biMV1. J.13BeCTHO TaK>Ke /23,24,26·28/, 4TO npM Bt<J1104eHMH 

sHewHero non.A peryn.ApHaR 4aCTb .t:~BH>KeHVl.A l.leHTpa MaCCbl 3JleKTpoHa 
+ ' -

C TOKOBOi:1 CKOPOCT biO V = V 
2
+ V , KOTOPB.A COOTBeTC"t'ByeT 4eTHO;';i 

dr c2n 
4aCTH onepaTopa MOMeHTHO~ CKOpOCTH 1121 ( [-) = ~E ), AOJ1>K-

dt p 
Ha onHCbiBaTbCH B<ll if/(r, t) , YAOBneTsop.AIO!lle~ ypasHeHHIO WpeAI-1Hrepa 
/Mnl-1 A11paKal. Ae~cTSHTenbHo, ecn11 npV1H.ATb o6oaHa4eHH.A 

7 
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m(v++v-) =2tiV'S 1 

m(v+ -v-) = 2t1Y' S
2 • 

TO MOlKHO rrpoaepHTb, 4To B~ 

tjl(r, t) = exp(S 2 +iS 1 ) = Bexp(i~) 
1l 

AOI1lKHa YAOBJleTBopRTb ypaaHeHHIO Wpe.QHHrepa 123,24 , 281 

iff; 112 V' 2 
in-' =- -.--t/1 + Vt/J. at 2m 

BTopaR 3an11cb B~ t/J(r, t) /30/ H3BeCTHa 1 15,13a/ 

/29a/ 

/296/ 

/30/ 

/31/ 

113 nepexo-

Aa C KBaHTOBoro OnHCaH!-lfl 3JleKTPOHa B KJlaCCH4eCKOe OnHCaHHe 

ero noseAeHHFI. BosMOlKHOCTb npeHe6pemeHI-HI 4JleHOI4 (L\B/B) 
B ypaBHeHHH /13a/ 

~+ (V 8)
2
+ V = 'hl\B 

~ 2m 2mB 
/32/ 

o6ecne4HBaeT rJpHMeHHMOCTb KJlaCCHlleCKOro onH.CaHHR ABHlKeHHFI 

3JleKTpOHa, T. e. npeHe6pelKeHHe 3a BHCHMOCT biO aMnm1Ty,Qbl BepOfiTHO­

CTH B OT KOOP.QIIIHaTbl. HepemlTHBHCTCKOe npH6JJHlKeH!-1e COOTBeTCT­

ByeT HCKJ1104eHHIO AH<Il¢y3HOHHOro 4J}eHa B ypaBHeHHfiX HenpepbiBHOCTH 

.2_1t/J(r,t)l
2
=-div(v+1t/J(r,t)i 2 ) + 1\L\ lt/J(r,t)1 2 , at 2m /33a/ 

a 2 . - 2 liA 2 
-lt/J(r,t)l =-dtv(v lt/J(r,t)! )---lt/J(r,t)l • at 2m 

/336/ 

Hs /29/ cneAyeT, 4To s HepenfiTHBHCTCKOM npH6nHmeHHH paBeH­

CTBO 

+ - 2ti v =v + --vs 2 m /34.a/ 

3aMeHHeTCR paBeHCTBOM 

v+= v -·. /346/ 
8 HepeJJRTHBHCTCKOM npw6J1HlKeHI111 npeHe6pera~T OCMOTH-

+ -
4eCKOH CKOpOCTbfO U = (v 

2
-V j_ H TeM CaMbiM npeHe5peraiOT Wpe-

AHHrepoBCKHM APOmaHHeM gwpaKOBCKoro 3J1eKTPOHa. HMeHHo no3TOMY 

Ill Hepen.HT!IIBI1CTCKd'M np1-16m1meHHH pacnpe,qeneHHe 3IJeKTpoHa on!IICbl­

earoT T04e4HO~ o-~yHK~HeH ~~~~paKa. 

B saKJ1104eHHe OTMeTHM, liT·o pacnpeAeneHHe aepoRTHOCTH cny-
4a~Horo 6nym,qaH~H /,qpomaHI1R/ P(b,r) a HepenRT~B~CTCKOM np~-
6nHmeH~il1 OnHCbiBaeTC.FI HMeHHO <!JOPMYJlOH/27/ .113 BblpalKeHHR /23/ BHAHO·, 

8 

t4o. 

at 
'l 

~y 

J 

KaK 4aCTo AOJl>KHbl noBTop.ATbCl'l nepecKoKI-1 APO>Ka~ero 3neKTpoHa 

h 
(r- --) 11 KaK MaJlbl AOJl>KHbl 6b1Tb aMn1111TYAbl ero .QPO>KaHI1fl 

me2 
((L\b)2< 'hr_ _ 11

2 
) 

m m2e2 
3,qecb npe,QJlaraeTCl'l ,qpyro~ cnoco6 onHcaHI1fl APOlKaHHR AHpa-

KOBCKoro 3J1eKTpOHa. MOlKHO npeAnOJ10~<1-1Tb, LITO 3JleKTPOH KOJ1e6-

JleTCfl OKOJlO caoero 1.\eHTpa MaCCbl C 4aCTOTOi1 w , npH4eM 3HeprHR 

3Toro Kone6aHH.A coena,qaeT c 3Hepr11e~ noKOR 3J1eKTpoHa me 2 • 

B 3TOM CJ1y4ae OCHOBHOe COCTO.FIHHe 113bTponHoro TpexMepHoro oc-
1.11-lJlJl.FITOpa HMeeT co6cTseHHyiO B~ /13a, 15,29/ 

-3/2 b2 
t/10 (b) = <6>..) exp(- --) /35/ 

2t..2 

1-1 COfiCTBeHHOe .3Ha4eHHe 

3 E =-1iw=me2. 
2 

napaMeTp A2 = _!I__ 
mw 

HMeeT 3Ha4eHHe 

t..2= ~- 3 1J.2 
mbcu -2 m2e2 

/36/ 

/37/ 

~3 /35/ cne,qyeT, 4TO npocTpaHCTBeHHoe pacnpe,qeneH!-le aepofiTHo­

CTH HaXOlK,t:leHI1.fl 3JleKTpOHa B6m131-1 ~eHTpa ero MaCCbl onHCbiBaeTC.fl 

¢opMyno~ 

p (b) = I t/1 (b) I 2 (- L~ me ) 3 2b2m 2e 2 
0 "" va;; b- exp (- 3b 2 ) , /38/ 

~3BeCTHO, 4TO ,t:IJl.FI OCI.\IIIllJlfiTOpa B OCHOBHOM COCTO.FIHHI-1 11MeeT 

MeCTO paBeHCTBO 

h 3li 
r=--=---. 

2hw 4me 2 
/39/ 

nocne no,qCTa!-iOBK~1 B /38/ BMeCTO me 2 BeJ1H4V!Hbl 3h/4r 
nony4aeM npocTpaHCTBeHHoe pacnpe,qeneHHe eepo.FITHOCTVr /27/. C.ne­

AOBaTenbHo, APOll<aH!-le 3J1ei<TpOHa MOlKHO MHTepnpenlpOBaTb KaK ero 

I<OJle6aH!-1e C 4aCTOTOH W B OCHOBHOM COCTO.AHI111. TaK KaK npocTpaH­

CTBeHHOe pacnpeAeneHHe I<OIJe6niOU.\eroc.A 3J1eKTpoHa om1CbiBae·rcR co6-

CTBeHHoi1 8$ /36/ OCHOBHOrO COCTOfiHH.fl TpexMepHoro 1130TpOi1HOrO 

OCI.\HJIJlfiTOpa, TO pacnpe,qeiJeHHe BepOfiTHOCT~ KOJ1e6aHHH ~~ 0 (~! 2 

COBnaAaeT C pacnpeAeneHHeM BepO.FITHOCTH nepeCKOKOB ,l.IJlfl CTOXaCTIII-

4eCKOro ABHlKeHHfl /6nym,qaHHfl/. Ho AJl.A 3Toro cny4aR AOKasaHo, 4To 

rlOBeAeHHe peryJlflpHOH 4aCTI1 KOOp,QHHaTbl 4aCTHI.Ibl r OilVICbiBaeTCfl 

B<t> tjJ (r, t) (30) , YAOBneTBop.AIO~eH ypaeHeHHIO Wpe,QMHrepa /31 I 

'9 



/HJll-1 JlHpaKa/. no3TOMY 1-1 B CJ1y4ae, .KOr,Qa APO>KaHHe 3J1eKTPOHa 

paccMaTpHeaeTcR KaK era OC4HJ1J1fl41-11-1 1-1 onHCbiBaeTCA B<l> r/J0(b) (35) , 
noBe,QeHHe peryJlfiPHOill 4aCTH era KOop',QHHaTbl ,QOJl>KHO onHCbiBaTbCA 

B<l> r/J(r, t), y,QosneTBOPRIOllleill ypaBHeHHIO Ulpe,QHHrepa /1-1nH ,llHpaKa/. 

3,QeCb Heo6XO,QHMO OTMeTHTb, 4TO npHpaBHHBaiOTC.A TOJlbKO Bepof!THQ­

CTH npocTpaHCTBeHH~X pa~npe,QeJleHHill,ocHOBHOrO COCT~fiHHfl OC4HJ1-

J1fiTOpa 1-1 CTOXaCTH4eCKOrO ,QBH>KeHHR, HO He npHpaBHHBaiOTCR 06~ 
npo4e!=~a. ;ho nossonReT noH.ATb, no4eMy ~ BbiXO.Qfl 1-13 npe,Qnonome­

HHfl CTOXaCn:ILI.HOCTL;I np.OCTpaHCTBa, MOlKHO ,QOKa3aTb, LI'):.Q noBe,QeHHe 

peryJlfiPI:lOH LlaCTH KOOp,QHH,aTbl 3J1eKTPOHa B KBaHTOBOill t<~eXaHHKe 
He06XO,QHMO ~nHCbiBaTb CTOXaOTHLieCKHMI-1, Bepof!THOCTHbiMI-1 3aKOHaMH, 

a He KJlaCCHLieCKHMI-1, CTporo ,QeTepMHHVIpOBaHHbiMI-1 3aKOHaMH ABJII>Ke­

HHfl, 

~3BeCTHO, LITO B CJ1yLiae Kone6aTeJ1bHoro ,QBH>KeHHfl OCLIHJ1J1HPYIO-

I.Ilei1 4aCTH4bl B -rapMOHVILieCKOM noTeHLIHane, Bn lr/J O (b) 12 OCHOBHo-

ro COCTOfiHH.A a6COJ110THO YCTOiiiLIHB, He MeHf!eT CBOIO <!JOpMy Ill era 

LleHTp MaCCbl ,QBIII>KeTCfl no KJlaCCV!LieCKOH TpaeKTOPIIII-1 I 13a, 14, 29, 301. 

HseecTHo TaK>Ke, LITO ecnH B<l> /38/ nona,QaeT e KaKoe-nlll6o 3JleKT­

PIIILiecKoe ~1Jllll MarHIIITHOe none, noTeH4HaJ1 KOTOporo He MeHReTCfl 

3aMeTHbiM o6pa30M Ha paCCTO.AHI-11-1, COH3MepHMOM C pa3MepaMH CaMara 

Bn, TO OH TO>Ke ,QOJl>KeH ,QBI-1 raT bCfl no KJlaCCHLieCKOtli TpaeKTOPIIII-1 I 4,13al. 

Ba>KHO, LITO .QJ1fl coxpaHeHHR <!JopMbl 111 pasMepa Bn /38/ He npe,qno­

naranocb HHKaKoro ssaHMo,qei1cTBIIIR. no3TOMy, Kor,qa Bn on1-1cweaeT 

Kone6aHHe snef<TpoHa c 6on bwotli • sHep r1-1ei1 ''noJ<oR11 me 2,' To snmlHe 

eCTeCTBeHHO, LITO ,QBH>KeH!IIe 3TOrO 3J1eKTPOHa B JliOfibiX nOJlfiX, B KO­

TOPWX era noTeHl.llllaJlbHafl 3Hepriii.A HaMHOrO MeHbWe 3HeprVIIII ero 

Kone6aH!IIi1 me 2, He ,qonmHo npHBO,QIIITb K pacnnbtBaHIIIIO 3Toro Bn. 

8biWei-13J10>KeHHOe noKa3aJ10, LITO yLieT CHMMeTpVILIHOCTH Me>K,QY KQ­

Op,QII!HaTaMI-1 1-1 HMnyJlbCaMH, Me>K,qy 3Heprl-1ei1 Ill BpeMeHeM, KaK Ill MH­

HIIIMH3al.IHfl HepaseHCTBa Heonpe,qeneHHOCTH B /21/, B HKM npHBO,QAT 

K pacCMOTpeHI-110 3Hepri-1H nOKOfl ~JleKTpOHa KaK 3HeprHH era ,QpO>Ka­

HIIIfl. Jlpo>KaH!IIe ,QHpaKOBCKOrO 3JleKTPOHa TOJlbKO onHCbiBaeTCfl, 1-1 TO 

rpy6o, c noMOI.IlbiO B<l> /35/ VI30TponHoro TpexMepHoro OC4HJ1J1f!Topa 

B OCHOBHOM COCTO.AHI-1111, OcHOBaHHe ,QJlfl 3TOro ,QaeT HaM COBna,qeHHe 

npocTp~aHCTBeHHbiX pacnpe,QeneHHill lr/J 0 (b) I 2 /38/ 1-1 P (b, r) /27 I, npw 

LleM P(b,r) eCTb TOJlbKO Hepen.ATIIIBHCTCKoe npH6JlH>KeHHe TOLIHoro 

Bblpa>KeHHfl p (b, r) 1231. • 
H3BeCTHO l21, LITO ,QHHaMHLieCKafl CHCTeMa, COCTOfll.llafl 1113 aHCaM6-

Jlfl O,QHHaKOBWX 6630HOB, 3KBHBaJleHT~a ,QII!HaMHLieCKOill CHCTeMe, CQ­

CTOfll.lletli 1-13 aHCaM6Jlfl OCl.IHJlJlfiTOpOB.n03TOMY onepaTOp~ PO>K,QeHHfl b+ 
1-1 yHHLITO>KeHHfl b tio3oHa CB.A3aHbl c Koop,qHHaToill q 1-1 HMnynbcoM p 
CB.A3bl0 1136, 18,31/ 

b+=(mcuq -ip)/y2m1iw; b =(mcuq -t'ip)/y2mttcu, /40/ 
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KOTopa.A T04HO cne,qyeT 1-13 TeOpHH OCl.IVIJlJl.ATOpa 12,13a,15~ Ho AJl.A 

onepaTopoe pom,QeHHfl a+ v. yHI-lLITome.HHfl a 3ne-KTpoHa /<!JepMHoHa/ 

CYLL\e,.;:TsyeT cne_AYIOltlee npe,QCTasneHHe 
12•311 

+ 1( . ) (01)· 1( . ) (0,0) 
a = 2 ax +laY = 0 0 ' a = -·2 ax -laY = 1 0 • /41/ 

0 1 
npHLieM B<!l eaKyyMa ecTb I 0> = ( 1 ), a B<l> ocr;oeHoro cocToflH!IIfl ll>=<o ). 

no3TOMY ,qpo>KaHHe 3JleKTPOHa npaBHJlbHO oniiiCbiBaeTC.R B TCOpl-1111 t.\111-

paKa KaK nepeXO,Q Me>KAY LICTblpbMfl 'BblpO>KAeHHbiMIII COCTOfiHI!Il'1MI1 

I ~ 
1 

, ~ 
2 

, ., , ., 
2 
I. O,qHaKo f.leJ1b3R roeopvn o6 11HTep¢lepeHLIIIIH 

Bn + 3Hepr~~ttli )3aPRAOB/, a Heo6xoA~t~Mo yTeepm,QaTb, 4To ,QpomaHI'!e 

:meKTPOHa onHCbiBaeTCfl c noMOI.IlbiO 4eTb!pex B<l>, npe,QcTaBilfiiOI.Ili1X 

,QBH>KeHitle snepe,Q (~ ~ e lkr- !CUt ) Ill Ha3a? (TJ- e -ikr- i<iJt ) 

1-1 Kpyrosoe ,ABitllKeH!IIe Hanpaso ((~ 1 ,., 1 ) ~e-i¢ 2 ) /Hnl-1 Haneso/ 

i¢/..2 ((~ 2 ,ry 2 )~e ).no3TO~IY B CTaH,qapTHOM npe,C\CTaBJlCHI-11-1 (2¢=~+T/ Ill 

2x = .f-TJ) /npH MailbiX. ct<opocTflx p 2 « m 
2

c 
2 

1-lMeeM lx I « 1¢ I, T. e. 

o6a Blti,Qa ,QBiti>KeHitlfl enepeA ill Ha3aA pa BHOnpaBHbl, t<aK Ill ,QOJllKHO 6b1Tb 

B H30TpOnHOM npOCTpaHCTBe l32l. 

XoTA Haw a ~HTepnpeTal.ll-11'1 rpy6a, HO aHa nossonT~eT npaB~t~JlbHO 
noHRTb CBR3b HKM co cToxacT~t~4eCKI-1MH npot.~eccaMH, npM411HY oT­

cyTcTBI1fl I<JlaCCI146CKOi1 TpaeKTOPHH y 3JleKTpOHC! VI npOHCXO>K,QeH~t~e 

ero 3Hepr~t~l-1 noKOA mc 2 .TaK KaK APOmaHHe 3IleKTPOHa onMcwsaeTCfl 

MaTplllt.taMH nepeXOAa C a i ME!W.,Qy LleTblp bMA BbiPOlK,QeHHbiMVI COCTOflHHR­

Mi-1, TO pa3AeJleHitle nepeMeHHbiX R = r + b /22/ He MOlKeT npltiBO,QIIITb 

K npeAcTaaneHI-110 norJHoill B<ll 3neKTpoHa r/J(R, t) a Bl'I.Qe cKanRpHoro 

npo~t~sBeAeHHl'l op6~t~TanbHoill B<l> .;,(r, t) Ha cn~t~HoByiO r/J 0 (b). no3-

TOMY nonHa.A B<!J ,(\l-1paKOBCKOrO 3JleKTpOHa eCTb COBOKynHOCTb L!eTbipex 

BblpO>KAeHHbiX op611Ta11ei1. 0AHaKO np1-1 npeHe6pelKeHI-111 APOlHaH~t~eM He­

o6XO,QI-1MO nepeiiiTM K O.QHOKOMnoHeHTHOH op611TanbHoill B$. B<ll/35/ 

~'~ npocTpaHCTBeHHoe pacnpeJ:1eneHI1e /38/ noKa3btaatoT, 4To B cny4ae, 

Kor,Qa napaMeTp A~ 0, APOll<aHI1e I-1C4esaeT, 1-1 3IleKTPOH noKan~t~-

3yeTcR. AeillcTBI-1TenbHO, OAHO 1-13 onpe,QeneHH~ B-(jlyHt<Ltl-111 ~t~MeeT 
BillA 129, 33, 341 

- - -3 b 2 
o(b) =lim (yrrA) exp(---). 

A-+0 A2 
/42/ 

~3 /37/ CJle,QyeT, LITO rpaH114Hbltli nepeXO,Q /42/ B03MOl«eH TOilbKO 

B ABYX cnyLiaRx: a/ KorAa 1\-. 0, T. e. npH nepexoAe c PKTn a KPM; 

6/ Kor,qa e-+oo, T.e. np11 nepexo,o,e c PKTfl B HKM. HHTepecHo, t.tTo 

- - - -o(b) = o(b }o(b ) o(b ) . 
X Y' Z 

/43/ 
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rpaH11liHbl171 nepexo.q /42/ noKa3biBaeT' liTO CMbll{aHII!e PKTn c HKI1 
11 KPM npo11cxo.q11T npH saMeHe peaflbHOH pasMasaHHoi1 8 -Q:lyHK,LII-111 
p (b) Bn I 38/ 11.qeaJlbHOI7! .QI1paKOBCKOH 8 -(jlyHKLIV!eH. no3TOMY 
e HKM 11 KPM .qpomaHI1eM 3IleKTpoHa npeHe6peraeTcR, npeHe6peraeTcR 
11 ero C06CTBeHHbiM MarHHTHbiM Ill MeXaH11lleCKI1M MOMeHTaMH, 3JleKT­
POH noKa11143oBaH 111 11MeeT KYilOHOBCKIIIH 3JleKTpocTaT11llecKIIIH noTeH­
LIIIIan. 

nocJle npoae.qeHHOrO IIICCJle.qoeaHHR HaM KameTCR, liTO HeT Ha.qo6-
HOCTI1 BBO.QHTb 3JleMeHTapHOe .QBIIImeHII!e 3JleKTPOHa B A11CKpeTHOM 
npocTpaHCTBe 111 ·apeMeHI1 /,35 /H He Tpe6yeTCR TaKme np~.qnonaraTb, 
liTO npo.qe11meH11e ::~neKTPOHa 113 OAHOH TOliKI-1 e .qpyry~ npo11cxo.qHT 
nyTeM nepecKOKOB /361, T. e. n~cpe.qcTBOM ero yH~-tliTomeHHfl e OAHOH 
TOliKe VI Bo3pom.qeHV!R so BTopoi1 /peHoBaLIHR/. BosMomHOCTb B03HHK­
HOBeHI-1R HOBbiX llaCTHLI /3JleKTpOH-n03V!TpOHHbiX nap/ TaKme fiBilReTCR 
cne.qcTBHeM APOma111ero A!'!HmeHHR ::~neKTPOHa I aHTvrKoMMyTaLIHOHHbiX 
cooTHoweHHi1 28 ij = ai a j +a ja i I H pacnilbiBaHHR Bn eos6ymAeH­
HbiX COCTORHI-1171, a He npHliHHOH, Jl!IIWa~ll\eH CMbiCJla H3MepeHHR ero 
KOOPAHHaTbl B CI-1Jli:)Hb1X nOJlfiX /32/. 
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