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· 8 y<1e6H11Kax no aTOMHOfl ll/11311Ke 11 KBaHTOBOfl Mex aH11Ke 4aCTO 

YTBepJKnaeTCR, '{TO cn11H 11 MarHl1THhlfl MOMeHT 3neKTPOHa RBnRDTCR 

BHYTPeHHl1Ml1 CBOflCTBaMl1 '{aCT11Uhl, CBR3aHHhlMl1 C ee CTPYKTYPOfl, 11n11 

'{TO 3Tl1 CBOflCTBa RBnRDTCR KBaHTOBOMexaHl14eCKHMH, a cnenosaTenbHO, 

He. l1MeJ)T HHKaKOfl Har nRnHofl 11HTepnpeTaUH11. YpaBHeH11e ZIHpaKa, 113 

KOToporo HenocpenCTBeHHO cnenYeT cn11H, TaKJKe HH4ero He roBOPHT 0 

ero HCT04H11Ke. ITayn11 YTBepJKnan, '{TO cnHH 3TO KnaCCl14BCKH 

He06bRCHl1MaR nBYXKOMnoHeHTHOCTb /1/, H HaCTa11san Ha TOM, 4TO 

OTCYTCTBHe KOHKPBTHOfl IIIH3114eCKOfl KapTHHhl RBnReTCR HOpManbHhlM 

nonoJKeH11eM. OnHaKo eme s pa6ornx 6en11H!llaHTe /2/ 11 ropnoHa /3/ 

6Lmo noKa3aHO, 4TO Hl1 cn11H, Hl1 MarHHTHhlfl MOMeHT He RBnRDTCR 

BHYTPeHHl1M CBOflCTBOM 3neKTPOHa, a CBR3aHh! co CTPYKTYPOfl nonR era 

BOnHhl. 0HH noKa3anH, 4TO cn11H H MarHHTHhlfl MOMeHT 3nekTPOHa MOJKHO 

paccMaTpHBaTb KaK MOMeHT UHPKYnHPYDDlBro noToKa 3Heprl1H H 3apRna B 

none 3neKTPOHHOfl BOnHhl. 

PemeH11RMH ypaBHeH11fl MaKcsenna-IlopeHua nnR 3neKTPOMarHHTa nonR, 

co3nasaeMoro RBnRJlTCR ) KaK H3BeCTHO, 

3ana3nLIBaDDlHB noTeHuHanLI' IlHeHapa-B11xepTa. 3TH pemeHHR cnpasennHBhl 

nnR nD60fl T04Kl1 Ha6nDneHl1R, KPOMB T04KH, cosnanaDmefl C 3apRnOM, B 

KOTOPOfl noTeHuHanhl CTpeMRTCR K 6eCKOHB4HOCTH, '{TO ll/113H4eCKl1 

a6cypnHo .. OnHaKo, KaK 6yneT noKa3aHo, pemeH11e onHoponHoro 

BOnHOBOro ypasHeHHR nnR BBKTOPHoro noTeHuHana B T04Kax Ha6nDneHl1R, 

cosna~aJ)D(l1X C 3apRnOM, KOHe4HO, 11 np11son11T K npasHnbHhlM IIIH3H4BCKl1M 

pe3ynbTaTaM. IT03TOMY BCTb OCHOBaHHB C'{HTaTb, '{TO BeKTOPHhlfl 

noTBHU11an 3nBKTpOMarHHTHoro nonR, co3nasaeMoro T04e4Hh1M · 3apRnOM, 

COCTOl1T ' 113 nsyx 4aCTefl: 

Ha6nDneHHR, cosnanaDDlHX C 3apRitOM, o6ycnosneHHoro · sonHOBLIM 

ns11JKBHHeM 3nenp0Ha C 3apRna ), 11· noTeHuHana Il11eHapa-B11x epTa nnR 

T04eK Ha6nDnBHHR BHe 3apRiia:· 'OTBB4aJlotero nocTynaTenbHOMY .llBHlKBHl1J) 

3nBKTPOHa. 



B npeimar aeMoA • pa6orn, B paMKax KnaCCH'IBCKOA 

3neKTPOllHHaMHKH, cnenatta nonbITKa ~H3H'l8CKOA HHTepnpeTaUHH HyneBOA 

3HeprHH, MarHHTHoro MOMBHTa, cnHHa H COOTHomeHHR HeonpeneneHHOCTeA 

nnR KoopnHHaTLI H HMnynbca 3neKTPOHa. ·rronyqeHHLle pemeHHR ypaBHBHHA 

MaKCBenna nnR 3neKTPOMarHHTHOro nonR B BaKYYMB noKa3blBaDT, '!TO 

YKa3aHHbl8 nHHaMH'IBCKHe CBOrlCTBa 3neKTPOHa RBnRDTCR cnencTBHeM era 

ocuttnnttpynmero Caonttoaoro) nBHEeHHR B HyneaoM none 
' 

nnOCKOA 3neKTPOMarHHTHOA BOnHLI. 

1. PewettHe ypaBHBHHA MaKceenna nnR 3Il8KTPOMarHHTHLIX Bonn 

PaccMOTPHM ypaBHBHHR MaKCBenna nnR 3neKTPOMarHHTHOro nonR B 

BaKYYMe 

rotf+..Ldil_ 0 C(lt.-, 

rct !T-[ gf ~ o 

t/i.vii""o 
,I 

ct,:vi! = o: , 
(1.1) 

r ne t H H - HanpREBHHOCTH 3neKTPH'l8CKOro H MarHHTHOro noneA, C -

3neKTPOllHHaMH'l8CKaR nOCTORHHaR, paettaR CKOPOCTH CBeTa. PewettHe 

ypaetteHHA (1.1), KaK H3B8CTHO, MOEHO npencTaBHTb B BHne 

-~ , al 
E ==-c /'it , 

ii=ratX , 

( 1. 2) 

( 1. 3) 

r ne X - eeKTopttblA noTettuHan, ynoeneTeopRDmHA eonHoBoMY .ypaetteHHD , 

npH YCnOBHH, '!TO 

-? I iJ2l( -veA - c2 7/P - o.) 

clivl=o. 

' ( 1. 4) 

( 1. 5) 

IlpeEne 'IBM npHCTYnHTb K pemeHHD ypaBHBHHR C 1. 4), paCCMOTPHM 

CHa'!ana nOCTORHHOe H OllHOponHoe MarHHTHOe none. BeKTOPHblA 

nOTBHUHan TaKoro nonR CBR3aH Cera HanpREBHHOCTbkl KaK 

.. ,::,'r·• 2 ~ e ; • 

'f 

... 
I 

➔ ., ...... 

A==- -;-Hxr' - ' 
( 1. 6) 

r ne r - panHyc-BeKTOP TO'IKH tta6nnneHHR. neACTBHTBilbHO: 

rctA=j:r"t(iixrJ=i((rv)il-(i!-v)r+iidlvr-frdivH)=H, 

'!TO cornacyeTCR C ( 1. 3). YMHOEHB ( 1. 6) Ha e;c . . . me e - 3apRn, 

a C - CKOPOCTb ceeTa, nony'IHM 

e·~ f!IJ.i!r cA=2 c )( . 

KpoMe Toro, H3B8CTHO,'ITO .. ....,. e ...:p, . ..-. 

P= 111 U-"" -c Hxr , 

( 1. 7) 

( 1. 8) 

r ne m - Macca, 7,7; - ci<opocTb qacTHUbl, eCTI;, HMnynbC qacTHUbl, 

ynoeneTBOPRDmHA ypaeHeHHD llBHEBHHR 

dP= !:..ifxil 
(/t C 

Ilo3TOMY H3 COOTHOIDBHHA (1.7) H (1.8) nony'IHM CBR3b MeEnY HMnY1lbCOM 

H BeKTOpHblM noTeHL\lllanoM . A: 
.., e 7 
P=-2z;A. ( 1. 9) 

IloKaEeM, '!TO npH onpeneneHHb~ ycnoBHRX CBR3b, attanorH'!HaR (1.9): 
.. -+ e.,. 

p,,,mV='-2cA 
1 

(1.10) 

rne p Ha30B8M ·eonHOBblM HMnynbCOM, a v '·eonHOBOA' 

CKOpOCTbkl qacTHUb~ cnpaeennHBa H nnR 3neKTPOMarHHTHoro nonR, 

onHcbmaeMoro ypaeHettHeM C 1. 4). nnR noro nocnenttee cooTHomettHe 

nonEHO ynoeneTBOPRTb ypa,!l.HBHHD nBHEBHHR 

dP - e.:;,.. ~ -== eF+ -VxH di: - C • 

HbDTOHa-flopettua: 

IloncrnenRR ( 1.10) B "ypaBH8HH8' ( 1.11) 'H 

n011Y'IHM; 

c(A➔ ➔ -v ..... 
- = !.. OA + g_ AxrotA 
ct.t 2 at me 

tt3 eeKTOpHoro aHa11H3a H3B8CTHO, 'ITO 

- ..... , ,2~.,. 
Ax rot A =2 v>A - (A v')A, 
~ ... 

dA == rlA + ('v<v)A. 
dt flt 
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(1.11) 

Y'IHTbIBaR ( 1. 2) H ( 1. 3), 

C 1.12) 



Il03TOMY H3 COOTHOWBHHR (1.12) HMBBM:· 

c1X-== .L (ti~ .. - (Vv)AJ-,. ~ (-i ..rA2
- (l\1Jl) ctt 2 <tt: · me , 

HnH, c yqeTOM (1.10)~ nonyqHM 

dJ."'=.1.cfA-t- I! (Av)A+./,fncvA2- '- (Av);i cit 2 tit n-,c. "' ,nc .I ' 

IlocnenHBB Bb~a*BHHB IlPHBOllHTCR K ypaBHBHHD 

dA == ~ VAZ 
dt me ' 

KOTOPOB RBilRBTCR nononHHTBilbHblM ypaBHBHHBM nnR 
C 1.13) 

BBKTOPHOro 

noTBHUHana A, 
ypaBHBHHR ( 1. 4). 

HaKnaAblBalOIJlVIM orpaHHqBHHB Ha PBWBHHB BOilHOBOro 

IlpencTaBHM PBWBHHB ypaBHBHHR (1.4) a BHllB nnocKoA BOnHhl: 

A= Ao exp i'( /(-: //\
7

-CtJu t:) I ( 1. 14) 
..., 

r ne A,, - nocTOllHHbl~ 
..... 

BBKTOP - aMililHTYna BOilHhl,. f;' - panHyC-BBKTOP, 

paccMaTpHsaeMoA ToqKH nonR, cosnaiianmeA c · 3apRiioM, Ko , w., -
IlOCTORHHblB BOilHOBblB BBKTOP H qacToTa, KOTOPblB CBR3aHbl COOTHOIIIBHHBM 

:1 ~ ... 

/(.," == W,':j C'. C-1.15)' 
Ha~AeM CBll3b napaMBTPOB BOilHbl ( i<., uJ, C napaMBTpaMH qacTHUbl 

B, m, {;, • llnR 3Toro noncTaBnRR pBWBHHB ( 1.14) BOilHOBoro ypaBHBHHR, • 

(1.4) a ypaBHBHHB (1.13), nonyqHM 

. (~ d;: J..,, .( - _ __,, 
-z K.ctt-v,-1. ,'\.,expz k.;-i-w.·tJ= 

= 2l i! A; ,f; exp2; (i?. P- Wd:) 
inc ' 

rne 
.... _, 

lr'"" d;-t/cf-t - IlOCTynaTB~bHaR CKOPOCTb qacTHUbl.. 3To 

Bb~a*BHHB 6yneT YllOBilBTBOPRTbCR TOilbKO IlPH YCilOBHH 

K.P - w. t =OJ (1.16) 

..,, "__, ""' e A2 ... • c 1 17) ActKo1r- Ci.'o}=2mc. d/fd, • · 

COOTHOWBHHB ( 1.16) RBilRBTCR ypaBHBHHBM !l)pOHTa nnocKoA BOilHbl, a H3 

(1.14) H (1.17) HMBBM 

-,. ..... 2 -~~-A= Ao=_ .t_ m.c (I- Kal,'lCJ.) 4> 

.2 e v- IZ. f-fi2 7 

C 1.18) 

4 

~-

r llB a-: = /~:/, A'cr BllHHHqHblfl BBKTOP - HOpManb K !l)pOHTY BOilHbl, a 

m = m.,/V1-,pa J fi-;,. 7//c 

RBilHBTCR penRTHBHCTCKOA MaccoA qacTHUhl. 

H3 (1.10) H (1.18) HMBBM 

.P= -2 fl'= muC (1 - k,, ir/c,Jo) 11. 
. V1- . ./!J~ 

C 1.19) 

Bt1pa*BHHB ( 1.19) HBilRBTCR . BOilHOBblM HMilYilbCOM qacTHUbl Ha !l)pOHTB 

nnocKOA BOilHbl. PBIIIBHHBM co6CTBBHHO BOilHOBoro ypaBHBHHR C 1. 4) c 

HaAllBHHOA aMililHTYllOA Ac RBURBTCR .. ( -..... ) ➔ ,e 1-·rr;,"l:-'fc..•~ ~ --'7-? ) A== - 2 r: -'---:-;::::==:::::=:c:- i-., ex;n ( k".r-k1
o t "'' Vi- fie , 

( 1. 20) 

r llB 
,_,.. 2/ 2 

, ,.✓, = e I n1. c 

paiiHyca 3IlBKTPOHa. IlpH 

- H3BBCTHOB Bb~a*BHHB iinR KnaccHqecKoro 

3TOM i . .L K. , div A=O H sonHa RBnReTcR 

nonepeqHoA. H3 nocneiiHero Bb~a*BHHR, no aHanorHH c (1.19), nonyqHM 

-'<> ( -?.- ) 
P= mcc_ 1 - koZ:1/k'c i,e){pi(~r-cJ.t) 

( 1. 21) 

vf-jf! 

lb C 1.19) H ( 1. 21l CilBllYBT' qyo CBR3b ( 1.10) MB*llY MBX aHHqecKHM 

HMilYilbCOM qacTHUbl H BBKTOPHblM IlOTBHUHanoM, cnpasennHBaR llUR 

IlOCTORHHoro H OllHOPOllHOro 

3IlBKTPOMarHHTHOA BOilHbl. 

MarHHTHoro nonH, coxpaHRBTCR H llilR 

_. 1 lJA 
TaK KaK E = - C: at 

..,,. ~ 

H"' rot A , TO H3 ( 1. 20) 

HMBBM 

E
..,,. = _ · m,C c:,.;., (I- i:o-tl-fc,._,,)£ ex{)i/x:r.,,_c.).,t.), 

z oe V " e I (, 
..:. 1- /3"" ;:. ,. . 

..,. -y ) -;, . .. .... ·; H=-i n7eCW,:, ({-K~ v- (.,)., ;Zcxzcexp1.(1e.r-l<.•.t. ' 
/?e v1-fia 

Pa3MBPHOCTb CZ/,, 
/77., / ~~· 

' ~ .':. , 

- 3pr. CBK , a 3TO BCTb 

IlOCTORHHOA IlnaHKa. BBBllBM 3TY IlOCTORHHYD KaK 

a,;, l77oC2/C.Jc 
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C 1. 22) 

pa3MBPHOCTb 

C 1. 23) 



TaK KaK C...'e~i!.$cj.Ao, -Ao - nm!Ha BOnHLI, TO 

-Av= ;2$/i/meC. (1.24) 
H3 (1.24) cnenyeT, qTo nnR 3neKTP0Ha J -10 

o =2. 43x 10 CM, TO eCTb 

nnHHa BOnHM 3neKTPOHa paBHa KOMnTOHOBOCKOA nnHHe BOnHLL C yqeToM 

(1.23) · COOTHOmeHHR (1.22) MOlltHO npencTaBHTh e BHne 

rne 

..,. ·e ( .--.. ) E"" - i. _ J-Kr. V"/c.J., _: . . -~ _ 
2 t;,; Vt-JF· le ex;n{Kol"'-w.,t), 

➔ ··e ( .., .... H = - L _
2

1-lro 1r/w0 ) --, _ • .. ... _, 

2 1"'1<9 V1-p2 n~xz:.,expz {Kcf-'-W.t)I 

~2 = ez/i =- A r,,_..Ji 
J'(/J ml-c3 n1.c 

"· 

(1.25) 

( 1. 26) 

Ha30BeM KBaHTOBLIM panHYCOM 3neKTPOHa. H3 (1.26) cnenyeT, qTo 

rne o(= ez1i.c-
r~~ - rk,/;j VK' = r".,/V~, c 1. 271 

- H3BeCTHaR H3 KBaHTOBOA MeXaHHKH nOCTORHHaR 

TOHKOA CTPYKTYPLI .. 3neKTpoMarHHTHoe none C 1. 25) 6yileM cqHTaTb 

HyneBLIM noneM. 

IloKallter,i, 'ITC Ha OCHOBe BLlllleH3nOllteHHOro MOlKHO nonyqHTb H 

HHTepnpeTHPOBaTb TaKHe, H3BeCTHLe H3 KBaHTOBOA MeXaHHKH, CBOACTBa 

anenpoHa, KaK ero HyneeaH 3Hepr11H, MOMeHr HMnYnhca (cnHH), 

MarHHTHhlA MOMeHT H COOTHomeHHe HeonpeneneHHOCTH nnR KOopnHHan, H 

HMnynbca. 

2; HyneeaR 3HeprHR 3neKrpoHa 

PaCCMOTPHM . BOnHOBOA HMnYnbc 3neKTPOHa ( 1. 21). CornacHo 
061lll1M onpeneneHHRM CKOPOCTH 

nonyqHM 
v-dRjdt H HMnYnhca R=-mV , 

- - ( -r .. _,,, ; • _,,.,.. ~, V= R- C {-k.1i/w")'Z;. exp 1(k.f'l-w.t.1
1 (2.1) 

rne R - OTKnoHeHHe KOOPnHHan, 3nBKTPOHa OT era paBHOBBCHOro 

nono:seHHR. MHTerp11pyH (2.1), c Y-➔eTOM Toro, '4TO ~ H t RBnRJ:ITCR 

6 

,i 
I 
' 

I 
l' 

l 
J 

He3aBHCHMLIMH nepeMeHHLIMH, HaAneM: 

--. • C ( -. -'?/. J ➔ '( ,..,. ,.. ) ~ R= t;::s~ 1-k.'lr;Q. t:..e)(pz k.1--1-W.t t-C,. C 2. 2) 

IlOCTORHHYJ:I HHTerpHpOBaHHR S onpenenHM H3 YcnoBHR 

R/4~o =i~d{l-k.~/wJi,,exp1·i?;p, 
-+-

Terna nonyqHM, qTo c1=0 H, cnenosaTenhHO, 

'i% • c: ( - ~/. , 1 ·..,. '(...,. - .ll "'=l'c:iS. l-k.'l'iCi..>v'Z;e;<p1 kdfA..:.C<..,,'-f, C 2. 3) 

Koropoe, KaK nerKo MOlltHO · y6enHTbCR, RBnReTCR pemeHHeM ypaBHeHHR 

rapMOHHqecKoro ocuHnnRropa 
..:. 2 ~ 
R.+ w. R= a . 

IIYCTb nocryna renhHaR CKOPOCTb 3neKTPOHa fr =0, Tor na, BLUlenRR B 

(2.3) ~eAcTBHTenhHYJ:I qacTb, nonyqHM 
.... (: ... 
R= -w. i: Sin. ( k.P-w .. t). (2. 4) 

no onpen~neHHJ:I, KHHeTHqecKaR H noTeHuHanbHaR 3HeprHH OCUHnnRTopa 

paBHM 

c,,,= m.t.i 
' -y= m;_c2c,,sYR:Fr-w.t), C 2. 5) 

:.?R""'2 2 ,.,.. ,... t) 
Cn = m"C:" = m~c Si1·/(k•r'-c,J. . 

CnenosaTenhHo, H3 (2.5) cnenyer, qTo nonHaR 3HeprHR ocuHnnRTopa 

pasHa 

c= c;.+cn= moc2 

7 . 
YcpenHRR (2:51 no· nepHony Kone6aHHA T, 6yneM HMerh: 

(cl()=(c,.):: m;c:!= fc . 

r~ eCTb cpenHHe KHHeTHqecKaR H noTBHUHanhHaR 3HeprHH OCUHnnRTopa 

3a nepHon T pasHL1 nonosHHe nonHoA 3HeprHH £. 
IlonHaR 3HeprHR 

c= !!!!£2= /i.GJ. - . e•IA-/ 
2 ~ -- I· o .1 

rne A0 - aMnnHryna seKTOPHoro noreHuHana, RBnReTCR MHHHManhHOA 

HyneBOA 3HeprHeA OCUHnnRTOpa - aneKTPOHa, Kone6n1>D1BrOCR C qaCTOTOA "-'• 
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B co6cTBBHHOM HyneBOM 3neKTpoMarHHTHOM none. 

CneAOBaTenbHO, HCTO'IHHKOM HyneBOA 3HeprHH 3neKTPOHa HBnHBTCH ero 

co6cTBBHHaH 3neKTPOMarHHTHaH 3HeprHH. 

3. MarHHTHLIA MOMBHT H cnHH 3neKTPOHa 

lfa KnaccH'IBCKOA 3neKTPOAHHaMHKH H3BBCTHO, 'ITO BBKTOPHhlfl 

noTeHuHan 3aMKHYTOA CHCTBMhl nocTOHHHhlX TOKOB Ha 6onbmHX OT Hee 

paCCTOHHHHX 
MO*HO npeACTaBHTb B BHAB BBKTOpHoro npOH3BBABHHH: 

.... 
A: mxff 

R3 -
C 3.1) 

r AB n1 - MarHHTHhlfl MOMBHT CHCTBMhl TOK OB.' Pa~CMOTPHM BBKTOPHhlfl 

noTBHUHan ( 1. 20) nnOCKOA 3neKTPOMarHHTHOA BOnHhl. IlYCTb 

nocTynaTenbHaH cKopocTb 3neKTPOHa V =0, ,Tor Aa 3Ha'leHHe 3Toro 

noTeHuHana Ha il'iPOHTB sonHhl 
..... ,.. 
kc/-' - lJ.t: =0 paBHO 

~ 1 Li'., 
A= -2 r,:.A 

(3.2) 

6yAeM C'IHTaTb, 'ITO HCTO'IHHKOM 3neKTPOMarHHTHOrO nonH HBnHeTCH 

3neKTPOH C KnaccH'IBCKHM paAHYCOM 
f'1k✓, , KOTOP~H M npeACTaBnReT 

JaMKHYTY~ CMCTeMy TOKOB. 
IlpeACTaBHM Ha sonHOBOA nosepXHOCTH TO'IKY 

-P (i1,t) Ha paccTOHHHH KBaHTOBOrO paAHYCa r'J<G ( CM.1. 27) OT 

UBHTpa 3neKTPOHa. TaK KaK f',.:G >> t',,,✓, l f1,c6 ~ 12rk.11 ), TO 

BBKTOPHhlA noTeHUHan. B_ TO'IKB P MO*HO npeACTaBHTb aHanorH'IHO (3.1l, 

TO BCTb 

...,. ..,,.. ~ -:-1" 
A( flK8)= mx r-,<G . 

r); 

( 3. 3) 

TaK KaK BBKTOPHhlA noTBHUHan B n1>6OA TO'IKB Ha !l'iPO!{TB BOnHhl_ HBnHeTCH 

senH'IHHOA nocTOHHHOA~ paBHO~ 3Ha'leHHI> (3.2), TO H3 (3.2) H (3.3) 

nony'IHM 
-;,, ...,. _,,. J...~,Z-e 

m ic r"'s = - 2 t<,..,, 
3 

rKf 

(3.4) 

8 

BseneM BAHHH'IHhle BBKTOPhl ~= n1/m 
Bh~a*BHHe (3.4) MO*HO 3an11caTb KaK 

H -{.·= ii&/r"'' , Tor Aa 

TaK KaK 
...,.. ~, -;, 

Z'. 'Z'e E>. 
/ , 

v -,::, f . 2 e _;Z 
n]6',_ X 'l.e : - 0 f"Ke -C- {.,• 

"- fik./1 

- BAHHH'IHblB BBKTOphl, 

B3flHMHO OpToroHanbHhl,npH 3TOM BBKTOP 

!l'iPOHTY BOnHhl. YMHO*HM ( 3. 5) BBKTOPHO Ha 

~ 

(3.5) 

TO cornacHO (3.5) OHH 

HBJJHBTCH HOpManbJ> K 

ITocKonbKY 

rne 

~ 

'?c ': 
;!, -~ &, , 112 e ·~, -v 

mz.~x6.x le == - 3 ~ Z:t x'l
0

• 

- t';.,✓, 

;;, i .~, -~r .,,., :::!J -,r·--~J ,<.c,Xl:)<X(...c=o. ,Z:,.•t.,u -,Z: 2'"c6uJ 

i':1

• 6'. = 0 , TO H3 ·c 3. 6) nony'111M 

-,.. ~' ,;:::, I . 2 / ~ ~,. m(l.s · ld).=. 2 ~ fl,;:tl rk/, 'f-,.x (,.~ 

C Y'IBTOM ( 1. 26), H3 nocnenHero Bb~a*BHHH HaAABM, 

MOMBHT 3neKipoHa paBeH 

C npyroA 

/m/ = j_ ~. e
2
/i. = _!_ e/i 

2 /11<'.,; m?c.3 /! m.c 

CTOpOHhl 1 

I - 2 ..., e 5 I m/= -?,,.,/A/= 5ka J._ = ...51._ 

C 3. 6) 

'ITO MarHHTHblfl 

2 dlt'r.c.r. c a- 2 
s /;;~ = -'Ji r1tci - nnomaAb OKPY*HOCTH paAHYCa rne 

/AIC't' 

a I= cA/fi!=ec/2.;;µ,.A - TOK no· KOHTYPY 3TOA OKPY*HOCTH. 

CneAOBaTenbHO, MarHHTHhlfl MOMBHT 3nBKTpoHa MO*HO HHTepnpeTHPOBaTb 

KaK MarHHTHblfl MOMBHT TOKa, 4MPKYflMPY!OUlero no KOHTYPY OKPY*HOcnf;. 

paAHYCa f1K/'• 

IloKa*eM, 

HBnHBTCH 

'ITO co6CTBBHHblfl MOMBHT HMnynbca - cnHH 3nBKTPOHa, 

cneACTBMeM ero 

nosepXHOCTH 3nBKTPOMarHHTHOA 

3JlBKTPOHa BO3MO*HO TOnbKO B 

KPYrosoro ,ABH*BHHH Ha 

TaKoe 

BOnHOBOA 

ABH*BHHB BOnHhl. HcHo, 'ITO 

3JlBKTPOMarHHTHOM none C KpyroBoA 

nonHpH3aUHBA. 3THM 
J11>6aH 

3neKTPOMarHHTHaH BOnHa /4/ C-KOMnneKCHOA aMnnHTYAOA, B TOM 'IHcne H 

CBOACTBOM o6naAaeT nnocKaH. 

none C1.2S). KoMnoHeHThl Ex· E~ 3neKTPH'lecKoro H Hx; HY MarHHTHoro 
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-noneA C 1. 25) np11 \!il1KCl1POBBHHOM r RBnllllTCll rapMOHl1'ieCKl1Ml1 

lliYHKUl1llMl1 t 11 cne11Hyn1 no \!ia3e Ha yron .17/.2 TaK KaK 

3neKTpl1'ieCKOe none YCKOplleT 3neKTPOH, a MBrH11THOe 113MeHReT 

HanpaeneH11e ere ne11zeH1111, TO 3neKTPOH coeepmaeT Kpyroeoe ne11EeH11e 

c qacTOTOA w, . MoMeHT c11m,1 M , neACTBYllllll1A Ha 3neKTPOH, paeeH 
...,.. -:r- - -:r- ..,. ..... e(·"' ...... 

M::KuXF-J<oX:eE+R.,xc v;xfi), (3.7) 

rne R. - pan11yc-eeKTOP Kpyroeoro YCTBHOBl1Bmeroc11 ne11EeHl1ll 

3neKTPOHa, a ifo - ere n11HeAHall CKOPOCTb, neEallll1e HB BOnHOBOA 

noeepx HOCTl1 3neKTpOMarHl1THOA BOnHLi. YcpenHl1M BblpaEeH11e ( 3. 7) no 

.nep11ony T. TaK KaK eeKTOP 'il.x:H HanpaeneH no HopMan11 K eonHoeoA 

~ ~ ~ ~ 

noeepx HOCTl1, TO eeKTOP Rux V. x H coenanaeT c HanpaeneH11eM - "/Ji • 

BcneACTB1<1e Toro, 'ITO KOMnoHeHTbl ~ "~ RBnllllTCll rapMOHl1'ieCKl1Ml1 

lliYHKUl1llMl1 i ' TO cpenHee no T OT BTopofo qneHa B npaBOA qacTl1 

(3.7) paBHO HYnll. TI03TOMY 113 (3.7) 11MeeM: 

M= R.,x eE. 

YMHOEall (3.8) Ha c.J. 11, Y'il1Tb1Ball, 'iTO 

(3.8) 

cJ, /!., )( E == K., / Ko ( 7Z. E} 
~ 

r ne 1'o - BOnHOBOA BeKTOP, HanpaeneHHLIA no HOpMan11 K BOnHOBOA 

noeepXHOCTl1, HaAneM: 

... / ...,. """ ·'-' <dB) 

<H) =(ds/, = X:jK. 'e ~ e > -= K~ lko cti:: I ctt CJ, ·r_ <.u, 

r ne 6 - MOMeHT 11Mnynbca, c' - nonHall 3Hepr1111 3neKTPOHa. TaK KaK 

Ml1Hl1MBnbHOA 3Hepr11eA 3neKTPOHB RBnReTCR Hyneea11· 3Hepr1111 

c = /icJ./2 , TO 113 nocnenHero BLll)aEeH1111 6yneM 11MeTb: 

5..... -;· " =K., Ko-;f I 

/~I~ j 

(3.9) 

C 3.10) 

CooTHOW8Hl1ll (3.9) 11 (3.10) onpenenllllT co6CTBeHHLIA MOMeHT 11MnYnbCB, 

11n11 cn11H 3neKTPOHa, o6ycrioeneHHLIA ere KpyroBLIM ne11zeH11eM na 

BOnHOBOA noeepxHOCTl1 3neKTPOMarHl1THOA eonHLJ C KpyroeoA·:..• 

non11p113au11eA. 
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4. CooTHOWeH11e HeonpeneneHHOCTeA 

TaK KaK nnocKall BOnHa MOEeT 11MBTb n1>6oe HanpaeneH11e K. , T01 

ycpenHllll ( 1. 21) 11 ( 2. 3) no yr:ny MBEny BeKTopaM11 g 11 i"Z ' me 

i~ 11MeBT :·. \!il1KCl1POBaHHOB HanpaenBHl1B, ·11, ·, Bbmen1111 neACTBl1TBnbHYll 

qacTb' nonY'il1M 
-;,,, ~ .. ➔ --12 = - C/«l• L, S,: 11 ( Ku r'-C.,. t}, 

.P= muC/\/t~fi,2 i~ Cos(f::~-c....1.t). 

Onpenen11M cpenHl1B KBanpaT11'iHblB OTKnOHBHl1ll nep11on11qecK11x 

( 4.1) . I 

C 4. 2) 

lliYHKUl1A 

(4.1) 11 (4.2) OT 11X cpenHHX 3Ha'iBHl1A Ka~ 

( L.\ i!f =<.ff> -{1l/ ; 
( c,J1) 2 ==,if),_ (.P/, 

C 4.3) 

(4. 4). 

r ne Cl1MBOn ( > 03HB'iBBT ycpenHBHl1B no .. BPBMBHl1 t: • 113 ( 4.1:l. 011 

( 4. 2) cnenyeT, 'ITO .. (f'/ 11 (ff paBHbl HY nil, a 

(]P) = LII!fr._ t 
_ d 1-ft<l- • 

I~'<- 'j (.'.? 
\N / - -

~ ,:·4..-'f-.. 

Tio3TOMY 113 (4.3) 11 (4.41, C Y'iBTOM (4.5), HaAneM; 

(M2)~ (A P). 2= _L £?],,_~~:: · ~ 
4 c:.;,~ l:i~ 

C 4. 5 l 

TaK KaK 2 " ;'=.2. CJ.= 117."'C n , TO 113 nocnenHero Bbij)BEBHl1ll 11MBBM 

AR AP= Ii (4.6) 
.!?. V1-.;3.1 

Ecn11 CKOPOCTb nocTynaTBnbHOro nBl1ZBHl1ll _,t, =0, TO 113 (4.6) nonY'il1M 

Ail4P= Jl 
2. 

Tip11 ./3~ 0 6yneM 11MBTb: 

.... - Ii. L":.R-c.P~e-

II 

C 4. 7 l 



81,ipal!BHHB ( 4. 7) SIBnRBTCR: COOTHOmeHH8M Heonpe.ZieneHHOCTeA. llnR 

KOOp.ZIHHaTbl H eonHOBOrO. HMnynbca tJaCTHUbl Ha eonHOBOA noeepx HOCTH 

nnocKoA· 3neKTpoMarHHTHOA ·. eonHbl. :EcnH 3neKTPOH llBACTBHTBnbHO. 

OCUHnnHpyeT (,ZipOl!HT),. TO OTCYTCTBHB Y Hero KnacCH'18CKOA TpaeKTOPHH 

MOl!HO o6bRCHHTb cynepn03HUHBA eonHOBoro H nocTynaTenbHOro llBHl!BHHA 

3neKTPOHa, 'ITC H RBnRBTCR HCTO'IHHKOM COOTHOfilBHHR 

Heonpe.ZieneHHOCTeA, OTKPbITOro reA3BH6eproM. 

5. 3aKnl0'18HH8 

8 paMKaX KnacCH'l8CKOA 3nBKTPO.llHHaMHKH nony'IBHbl TaKHB, 

H388CTHLl8. H3 KBaHTOBOA MBXaHHKH J ~Y.HllaMBHTanbHblB xapaKTBPHCTHKH 

3neKTPOHa, . KaK era HyneeaR.: 3HeprHR, co6CTBBHHblA MOMBHT HMnYnbca, 

MarHHTHblA MOMBHT H COOTHOfilBHHB: Heonpe.ZieneHHOCTBA llnR KOOPllHHaTbl H 

HMnynbca. flaHa ~H3H~BGKaR HHTepnpeTaUHR 3THX noHRTHA. IloKa3aHO, 

'ITC HCTO'IHHKOM 3THX CBOACTB RBnRIOTCR HYnBBb~ KOne6aHHR 3neKTpOHa B 

co6CTBBHHOM HYnBBOM 3nBKTpOMarHHTHOM n·one. 
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KneHMtt 6.A. P2-92-161 
06 OAHOM peweHMM yplBHettMM MaKcaenna 
AM ,net<TpOMatHMTHoro noM a ••KYYMe 

B p.lMKax 1<nac0111ec1<11x 3JleKTJ)OAHH~KM M uexaHMKM OOJfY'l9Hltl '111· . 

KHe, M38ecTH1tle \13 KBaHTOBOM MeXIHMKM, 4>YHA8MeHTl1WtHl.le CBOMCTBa 3JleK• 

TpoHa, KIK ero HyneeaA 3HepntA. CflMH, MantMTHltlM MOMettf N COOTHowetfMe 

1U!onpeAeneHHOCTeM Ami KoopAMHan.1 14 MMnYJM:1- AaHa ~IA MHTtp• 

'1)el'at4MA 3TNX CBOMCTB M nOKaHHo, 11To MX ~OMCAet:tM o6ycnoanetto 
Hynea1t1MM Kone61HMRMM 3neKl"pOtta a 3net<,pc,MarHMTHCM none ••t<YYMa· 

Pa6oTa llltlll(lJlH~a 8 fla6opnq>MM RAepH1t1X PMK1'MM OMRM. 

Coo6utCHHC 06i,e,111neHHOro M~CTHtyTa 11.:aepHWX MCC.1C.lOBamiA; ,ny6Ha 1992 

nepeaoA aaropa 

K1enin 8.A. , 
On a So1uti~n of Maxwell Equaitons 
for Electromagnetic Fie1d in Vacuum 

, P2•92-161 

In the frame of c1assica1 electrodynami~ and mechanics such fundamental 
electron properties, known from quantum mechanics, as its. zero energy, spin, 
magnetic moment and correlation·of uncertainties for a coordinate and mo• 
mentum are received. A physical {nterpretation of these properties given and 
it is show,n that their origin is caused by zero electron oscillations in the elec
tromagnetic field of vacuum. ,. 

The investigation has been performed at the l.aboi;atory of Nuclear Reac-
tions,, JJNR. · 

Communication or th~ Joint lnstilule for Nucl;ar Research. Dub~a 1992 
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