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A H H o T a u H H .. 
noxa3aHO, 'ITO 06bl'IHSH JtOBSpHBHTHSH ltOOpLlHH&Ta 'ISCTHUbl i npH BBeLleHHH oco6o-

ro onpeLleneHHH nnOTHOCTH BepOHTHOCTH B X -npocTpaHCTBe yLlOBneTBOpHeT BCeM <tJH3H'IeC -

KHM a MaTeMaT&'IeCKHM Tpe6osaHHHM, ne)KaWRM B ocHose nocTynaToB H&IOTOHa H BHrHepa 

/1949/, HB OCHOB8HBH XOTOpblX OHH nony'IHnH HeKOBapHaRTHyiO KOOpLlHRBTY q . nosTOMY 

C TO'IKB 3peHB51 STHX Tpe60BBHHI ltOOpLlBH8T8 X H&'leM He xylKe XOOpLlBH8Tbl q 

Abstract 

In 1949 Newton and Wigner obtained a non-covariant coordinate q of the scalar particle on the basis of some 

postulates. Jt is shown that the ordinary coordinate x satisfies all physiCal and mathematical requirements underlyfrig 

their postulates if the definition (3) (see below) of the probabillty densify in the x- space is used. Therefore 

from the point of view of these requirements the coordinate x is in no way inferior to the coordinate q. 
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1 

Bee peweHHR ypaBHeHIHI KneAHa-rop.aoHa ( (1 ·-m2 ) ~ ( x, t) = 0 

.TIO)!{eHbi no nonHoA cHcTeMe cPYHKUHA 9Toro rHnep5onH'IecKoro ypaeHeHHSI 
MoryT C5biT& paa-

1/J. (X,t) = exp(ik;) exp (-NP+ilt) k 

r.ae _, 00 < k < + "" 
Jr H T • .a., a 

Ma 9.[lHHHU, B KOTOpOit 

121 
h = l 
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• 3.aecb H B .aanbHeAweM npHHBTa cReTe-"' :r z 

HOpMa 
H C = l . .Qnsr cPYHKUH:li nepsoro K.Tiacca ~ (X: t) 

Ill 

OK83biBaeTcS! ll0.7I0)!{HT9.TibHOH, a .ami cpyHKUHA 

UHit "'(;, t) , pa3naraJOUIHxcsr no "'(i,t) 
k 

¢k (i, t) -oTpHuaTenbHoA. HopMbi Ill cj:JyHK

, TO)!{e· 5y.ayT llO.TIO)!{HTenbHbiMH. nocKO.TibKy 

~ KB8HTOBOit M9X8HHKe C HOpMOA 8CCOUHHpyeTcsr BepOSITHOCTb H.TIH 'IHC.TIO '18CTHU, TO HeATpan&-

HyiO C&anHpHyiO 'IBCTHUy cne.ayeT OllHCbiB8Tb cPYHKUHSIMH "'rX. t) • MO)!{HO nposepBT&, 'ITO 

-,. OHM llO.[l 'IMHSIIOTCSI ypaBH9HHIO 

121 

H llOSTOMy HOpMa I} I M0)!{9T 5biTb nepenHC8H8 B BH.ae 

131 

Ill .QanbHe:liwHe ll0Llp05HOCTH OTHOCMT9.TibHO ypaBHeHHSI 121 H HOpMbl 131 CM, y lliBeC5epa • 

2 

BH.ae 

B bi6epeM co5cTBeHH ble cj:JyHKUHH onepaTopoB HMnynbca 
- - . -3!2 ...., .. 

<xik> =(211] exp (ikx) IOTHOCHT9.7Ib}l) 

k = - i _a_ i = x, y, z 
I a X I 

LlPYI"'HX B03M0)!{Hb!X BbiC50pOB CM. 

E 
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nocltOJihKY C06CTB9HB&SI cPYHKUHSI <k lx> onep&TOpOB 
- - .,... 131 

HHH JlOJI»<H& 6biTh pass& <xI k > • c-:> exp (- ik x) , TO 

" x·; B HMllYJibCHOM npe.llCT8BJie-

~ = ; a <l>ysKuHH <-; 1 "k > 
J dki ' 

OpTOrOH&JihHbl 110 HOpMe 131: 

c ;f,. 

., 

f I <xI T<'>• <;I k2> I d"x vif+!ii2 
m 

8( ~- k2) 
14f. 

npaB&R 'I&CTh 141 O.llHOBpeMeHHO RBJIR9TCH cPYHKUHel 
< k

1 
\ k 2 > - cocTOSIHHH c onpellenes-

RbiM 3H&'I9HH9M HMllYJibC& B HMllYJibCHOM »<e npelJCT&BJI9HHH. nocKOJibKY LlOJI»<HO 6biTb 

f elk D(k)<kl~>* <k\k2 >=<r;:\k2>, 

TO B9COBOI MHO>KHT9Jlh D ( k) LlJIR HHTerpHpOB&HHR no HMn1JibC8M OK&3h!B&eTCR paBHbiM 

m[k2 +m 2fy,=m/E. 

O.llaaxo c TaKHM D ( k ) cPYHKUHH < k \;> OK&3biB&IOTCSI H90pTOrOH&JlbHbiMH 

f cf'k T [2rr r" e-1i_;;e-1;;2:K(~-x2)f·O np~< xt:/·x2. 151 

,. 
.QpyrHMH CJIOB&MH, He BbinOJIHR9TCR K&K 6ylJT0 yCJIOBHe llOJIHOTbl LlJIR <i:JyHKUHil: <]; ! k > 

--
8 ~-

3Ty Tpy.llROCTb MO»<HO npeO.llOJI9Tb BB9.ll9HH9M HOBOrO onepaTopa KOOplJHH&Tbi qo 

TSK 'ITO COCTOHHHR C p&3HbiMH KOOpllHH&T&MH IHOBbiMH I 6y.llyT opTorosanbHbi. · Cnoco6 

ll I 
HhiOTOBa s Bsrsepa nonyqesHR TaKoll: KOOp.llHH&Tbl MO»<HO H3JIO»<HTb,. CJI9LlYIOll{HM 

-npocTp&HCTB9 CT&pb!ll: BHLl k; =- i _}___ 

o6paaoM. 

nycTh onepaTOpbi k· I HM910T B 

HX C06CTB9HHbl9 <i:JYHKUHH nycTb paBHbl 

q a q; 
' HO 

<-:;I k > = f (kJ exp (ikq) , f (kJ :/ •const ( KllK BHLlHO, 

<q \1 > 9CTb co6cTB9HH&SI <i:JYHKUHSI 

tPYBKUHH onepaTOpOB Q.i - <k\ q> 

A 

k; npH JII060M 

=<q\k>* 

~ 

f (k) ) • Tor.Lla co6cTaesable 

M6»<HO CL19JI&Tb OpTOrOH8JibHblMH 

c aopMol d
3
k m 1 E : . 

J elk m/E l{k) e1;qtf*(kJ e 1-;;2 = 0 nps ql:/·q2' 
161 

.. -3/2 
ecns Bbi6paTb f (k) = (2rr) ij E • 

A _,_ . _...,. 

Via ycnoBHSI q v E exp (-ikq) = q /E exp ( -ikq) MO»<HO Tenepb sall:TH onepaTop 
X X 

KOOp.llHH&Tbl HbJOTosa-Bsrsepa: q = -· i _a __ - i k 1 2E 2 
cp.

121
• Os yuoaneTBOpHeT 

, • • X ak X 

KOMMy1'8UHRM [ qi, lc; 1 = i 8;; , o6bl'IHblfi JlJIH KOOpllHHaTbl H HMnynDCa. 

161 
npaBaSI 'I&CTb npH 

- 2 -3 I f ( 1c) I = (271 ) E paBH8 <·-; I -q > = 8 ( (j- fi >, 
I 2 1 2 

H H3 YCJIOBHR 
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HaXOLJ;HM, 'ITO D(qy = 1. 

H 

H cyTb co6cTBeHHhle ~YHKUHH onepaTopoa 
A 

X 

B OLJ;HOM H TOM )Ke HMIIJ.TlbCHOM npOCTpaHCTBe, MO)KHO HaifTH aMII.TIHTy,o;y BepOS!THOCTH 

<"i I -; > , HaitTH LJ;aHHOe 3Ha'leHHe KOOpLJ;HH8Tbl 

131. 
X B COCTOSIHHH C OIIpe,o;eneHHhlM 3Ha-

3 .... ... ...~ 

f d k m/E <k l.r >* <klq> 
... ... 5/4 -

_ <x lq > ~ ( _m_ ) K ( m I x- q I ) c--3 
lq-'il 514 /8/ 

S/4 (I) -o • x) 
(-A- ) H ( im I q-x I ). 
lq-XJ 1/4 

llpyrHMH cnosaMH, COUCTBeHHaSI ~YHKUHSI IIO 

HonorHH HbiOToHa H BHrHepa, ecnH oHa Bbipa)KeHa a · x - rrpeacTaaneHHH. 3Ta TepMn-

HO.TIOrHSI npe,o;CT8BJIS!eTCSI Hey,o;a'IHOtf, IIOCKO.TlbKY B CBOeM C06CTBeHHOM npe,o;cTaBneHHH 

<;I;,>· pasHa o ( q- ~) . C TaKHM )Ke npaaoM MO)KHO roaopHTb, 'ITO <qiK;> -cocTos-

~ - -HHe c onpeaeneHHhlM 3Ha'leHHeM x = x, SIBJISieTcSI •HenoKanbH&IM" Ia q -npeacTaane-

HHHI. 

-BepHeMcSI K Koop.o;HHaTe x H CIIpOCHM, LJ;JISI 'lero HJ)KHa OpTOrOHS.TlbHOCTb cPYHKUHA" 

< k I;) 1 T .e. IIO'IeMy HJ)KHO Tpe60B8Tb Bb!IIOJIHeHHSI IIOCTynaTa ( C ) 

/1/ 
HbiOTOHa H Bur-

•- Hepa ? llnSI T8KOrO Tpe60B8HHSI eCTb LJ;BS OCHOBSHHSI. 

nepaoe LJ;HKTyeTCSI cPH3H'IeCKHM TOJIKOBaHHeM COCTOSIHHSI c orrpeaeneHHOit KOOpLJ;HHSTOA 

x
1 

: B TSKOM COCTOSIHHH IIO onpe,o;eneHHIO ,o;pyrHe 3Ha'leHHSI KOOp.o;HHST LJ;OJI)KHb! 6b!Tb rrpe,o;-

" ...... K(-;- x"""*1 ;, lcM. 151 1 CTSBJieHhl C Hy.TieBOn BepOSITHOCTb~. -YHKUHSI - ~ IIpOIIOpUHOHSJibHaSI H3-

(+) - - (-) - ... /5/ 
aecTHhlM cl:>YHKUHSIM D ( x- x1 , 0 HJIH D ( x- x1 , 0 ) lcM. HanpHMep 0 151, ct>aK-

TH'IecKH y,o;OBJieTBOpS!E!T cne,o;yiOII.leMy Tpe60B8HHIO: IIJIOTHOCTb BepOSITHOCTH p (;, t) 
/3/ - - x, 

/eM. / LJ;JISI TSKOrO COCTOSIHHSI He paSHa HJ.TIIO TOJibKO B TQ'IKe X = Xl • lleitCTBHTe.TibHO, 

IIOCKO.TibKY 

TO 

.. ... _. .... .... ... ..... .... 1 

p (x,t) ~ K* (X- x, ) 0 (X- x,) +a (X- x,) K (X- x,) 
"r 

/9/ 

BTOpOe OCHOBSHHe SIBJISieTCSI MaTeMaTH'IeCKHM Tpe60B8HHeM B03M0)KH0CTH HaXO)KLJ;eHHSI 

KOScPcPHUHeHTOB p83JIO)KeHHSI B BhlpS)KeHHSIX 

~ -3/:l .3 
t{l (x) = (2") f d k m/E /10/ 

x) /4/ Ill 
CM. Ta6nHUbi H cpaBHH c 
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~(kJ = (2rr) 31 fclx I e.(;:t/J(x) I. 

nocne.a.aee pa3JlOJK9HHe H8llHC8HO B TepMHHBX Onpe.a.eJleHHH /3/ ceepTKH B X -npocTpaH-

qTBe • 

.l]OX838T9JlbCTBO Taxoil B03MOJKHOCTH CBO.ll.HTCH K .ll.OK838T91lbCTBy BH.!J.OH3MQH9HHOil HH

TerpanbROil TeopeM bi ~ypbe 

....... -3 •• -.... -. 
cl>(kJ=(2rr) fd 3 x le·lkll {d\.'m!E' e 1k"'l cl>(k') 

-~ ~~ ~ 
-# ( )·3 .3. lkx 3 '[ ·lloc'[ • a ,2 21 .. , tjl(x) = 2rr fa 1< m/E e f d x e (-t dx J +m t/1 (x ) + /11/ 

... . a 2 2 v. .,;;-. .., 
+[(-tR_) +m] e tjl(x )]. 

nepeoe C00THOW9HH9 Jl9I'KO CBO.!J.HTCH K 06bi'IHOil cP0pMyne ¢lypbe H BepHO npH 06bi'IHblX yc-- ..... 
JlOBHSIX Ha cPYHKUHH if' (x) H ~(k) , .l]JlH npoBepKH BTOpOI'O HB.ll.O .ll.OK438Tb COOTHO-

weaRe 

-- a ~ _. 3 a 2 ~ .,;,.-
fd3x e·1kx[(-i?Y) 2+m2l tjl(x)=fdx[(-idx)+m2

] e tjl(ij. /12/ 

( ;2 + m2] ~ 
"' 

npH o6hi'IHOil IHepe.!' 
• 

Oao coena.a.aeT c cooTaoweHHeM spMHTOBocTH onepaTopa 

JlSITHBHCTCKOil/ HOpMe B X -npocTpaHCTBe, nocKOJlbKY 

8pMHTOB /'ITO .!J.OK83b!BaeTCH HHTerpHpOB8HH9M no '18CTRM 

kx = ·-•i a( dX npH T8KOil HOp~e 
3 ~.. ,, -- ~ J 

f d x exp ( -ikx ) k" tjJ (x) 

C y'leTOM TOI'O 06CTOHT9JlbCTB8 1 'ITO t/1 {;) H8.ll.Jl9JK8WRM o6pa30M CTpeMHTCH K HYJl!O 

a a 6ecxoHe'IHOCTH xax cPYHKUHHI y.a.oeneTeopH!OlUaH ycnoBHHM TeopeMbi ct>ypbe/ I To H cPYHK-

"' "' "' "'2 2 ~ 
UHSI 0T kx., ky 1 kz .!J.OJlJKHa 6b!Tb 9pMHTOB8 1 T.e, ( k + m ] MOJKQT 6b!Tb noc-

T8BJ19H nepe.a. exp (· ikx. .. ), CM. (12). 

Tpe6oeaHHe (c) BHrHepa B HbiOTOHa srensreTCH qacTHbiM cny'laeM Tpe6oeaHHil nepeoro 

B BTOporo IHaaoeeM HX nocTynaToM (c') I H SIBnHeTcH Heonpae.a.aHHO orpaHH'IHTeJlbHbiM xax 

c cPH3H'Iecxoll 1 Tax H c MaTeMaTH'IecxoA TO'IKH apeHHSI, K oop.a.HHaTa " y .ll.OBJleT&OpHeT {C1} 

H OCT&JlbHbiM nocTynaTaM HbiOTOHa H Buraepa H nosToMy HeT cPH3B'IecxHx BJIH MaTeMaTH'Iec-

KBX ocHo&aHHil, c TO'IKB apeHHH HbiOTOHa H BHrHepa_, npe.a.no<~HI.aTb xoop.a.BHaTy q xoop.a.H-

tr.l 
!laTe 1C 

TaJtHM o6pa30M 1 coo6paJKeHBH HbiOTOHa H BHrHepa He MoryT cnyJKBTb OCHOBOil .a.nH 

noHcxoa "'xopoweA • xoop.a.HH4Tbl CKansrpHoil qacTHUbl. no-eH.a.BMOMY 1 HaH6onee nocneoosaTenb

RbiM SI8J151eTC51 Onpe.a.eneHHe K00p.!J.HH8Tbl K8K U9HTpa HHepuHB '18CTHUbl, 3TOT llO.ll.XO.ll. CBH38H 

,.; 161 121 " 
B KHHre /cM,TaKJKe I yTeepJK.a.aeTcH 1 'ITO onepaTop x HespMHTOB. ¢aKTH'IecKM, 

" O.ll.H8K0 1 ROK!38H~ 0'19BH.ll.H8H H99pMHTOBOCTb OnepaTOpa 1/E X npH HepejpiTHBHCJ:CKOil HOpMe 

rctk t/1* (k) cp(k) B HMllYJlbCHOM npocTpaHCT&e. PaBeHCTBO (t/1 , X cP) = (X r/J, ¢) 
6y.a.eT iiMeTb MecTo, ecm1 Mbl onpe.a.enHM (r/J, fr' ¢ ) , HanpHMep,xax 

f d3k ¢* (i) E-~ £ ¢ {k) E"¥2 
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C IIpHLiaHHeM CMbiCr.a aecSITH H3BeCTHbiM 3aKOHaM COXpaHeHHSI /ceMb H3 HHX TOIJJtYIOTCSI Jt&Jt 

3aKOHbl COXpaHeHHSI IIOIJHbiX HMIIyllbCa-aaeprHH H MOMeHTa KOIJH'IeCTBa LIBH)KeHHH/
1 

CM/7/,/8/t 

rae rrpHseaeHa llHTepaTypa rro aToMy sorrpocy. 
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