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1. BBE,QEHHE 

B paMKax 11 K11accl14ecKol1" Hepe11RTI1BI1CTCKol1 KBaHTOBOH Mexa
H11KI1, on11pa~~eHCR Ha ypaeHeHI1e Wpe~I1Hrepa, noee~eHI1e 4aCTI1~ 

Oni1CbiBaeTCR KOMn11eKCHOH /cKa11RpHOH/ B011HOBOH $YHK~I1eH. 1-iMeHHO 
OTMe4eHHOe CBOHCTBO B011HOBOH $yHK~I111 n03B011ReT BBeCTI1, Hanpi1-
Mep, onepaTOP 11Mny11bCa B KOOp~11HaTHOM npeACTaB11eHI111, RB11R~

~11HCR MHI1MOH Be1111411HOH. 3TO me CBOHCTBO cy~eCTBeHHO np11 onpe
~e11eHI111 nOHRT11H n110THOCTI1 BepORTHOCTI1 11 n110THOCTI1 TOKa eepORT
HOCTI1. 

np11 y4eTe cy~eCTBOBaHI1R npe~e11bHOrO nepeXOAa OT pe11RTI1BI1CT

CKOH KBaHTOBOH MexaHI1KI1 K Hepe11RTI1BI1CTCKOH 11, B 4aCTHOCTI1, OT 
ypaBHeHI1R K11ei1Ha-rop~oHa K ypaeHeHI1~ illpeA11Hrepa ~aKTI14eCKI1 
no11araeTCR, 4TO pe11RTI1BI1CTCKaR B011HOBaR $YHK~11R ~ RB11ReTCR 

KOMn11eKCHOH Be11114HHOH. np11 3TOM KOMn11eKCHO-COnpRmeHHaR B011HO-
* BaR $YHK~11R t/J OnHfbiBaeT noee~eHI1e 4aCTI1~ C npOTI1BOn0110mHbiM 

311eKTPI14eCKHM aapR~oM. B c11y1..1ae rr0
-, 1J 0 -Me30HOB 11 ~pyr11x 

311eKTPI14eCK11 HeHTpa11bHbiX /nceB~O/ CKa11RPHbiX 4aCTI1~ C y4eTOM 
cKaaaHHoro 6yAeM 11MeTb t/J=J , T.e. 11x noee~eHI1e 6vaeT onMc~
caoo~n ~~dnbHOI1 B011HOBOH $YHK~11eH. YpaeHeHI1e K11eHHa-rop~OHa, 
~eHCTBMTe11bHO, ~onycKaeT TaKy~ B03MOmHOCTb, nOCK011bKY He co
~epmi1T MHI1MOH eAI1HK~~. 

C11e~yeT OTMeTI1Tb, 4TO B011HOBaR ¢YHK~I1R $OTOHa, KaKOBOH RB-
11ReTCR 311eKTpoMarHI1TH~H noTeH~I1a11 A1 , TaKme ~el1cTBI1Te11bHaR 
ee11111..111Ha. AHa110ri14HO pea11bHOH B011HOBOH $YHK~I1eH on11c~ea~TCR 

11 o611a~a~~11e MaCCOH BeKTOpH~e 4aCTI1~~ w 0
-, p 0 -Me30H~ 11 T.~. 

Bo3HI1KaeT ecTeCTBeHH~H eonpoc: 11MeeT 1111 MeCTO no~o6Hoe no-
11omeHI1e e c11y1..1ae 1..1acT11~ co cni1HOM 1/2 11 MaccoH m ~ 07 HH~MI1 
C110BaMH, ec1111 no11araTb, 4TO nepexo~ OT pea11bHOH B011HOBOH $YHK
~1111 K KOMn11eKCHOH CBR3aH C y4eTOM 3aPRAa& /He T011bKO 311eKTpl1-
4eCKOro/, TO, CKameM, np11 HecoxpaHeHI111 11enTOHHOrO KBaHTOBOrO 

411C11a AeHCTBI1Te11bH~e B011HOB~e $YHK~I111 MoryT Oni1C~BaTb noBeAe
HI1e MaCCI1BHOrO HeHTPI1HO. 

HMeHHO o6cymAeHI1~ oco6eHHOCTel1 on11caH11R noee~eHI1R 4aCTI1~ co 

Cni1HOM l/2 C nOMO~b~ AeHCTBI1Te11bHOH Cni1HOPHOH B011HOBOH $YHK
~1111 && H 6y~eT nOCBR~eHO C11eAY~~ee paCCMOTpeHHe. 

~l-11111 MarHI1THOrO MOMeHTa. 

&~T. e. 4eT~pex Be~eCTBeHHbiX $YHK~11H /BMeCTO 4eT~pex KOMn11eKc
H~X 111111 BOCbMI1 Be~eCTBeHH~X $YHK~I1H/. 

~ 06~eAHHeHHMH HHCTHTYT HAePHWX HCCneAOBaHHH AY6aa, 1982 
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2. YPABHEHHE AHPAKA-MA~OPAHW 

BoabMeM ypasHeHHe AHpaKa 111 s npeACTasneHHH Mai1opaH~ 121 

/ypasHeHHe AHpaKa-Mai1opaH~/: 

. a 
(y 1 

-. + m) 1/1 = 0 , I 1 I ax 1 

.I. 
rAe i = 0 , 1 , 2 , 3 , h = c = 1, a 

o 0 0-I 1 0 I 0 0 2 0 0 I 0 3 0 0 0-I /2/ 

[

0 0 0-~ {I 0 0 0] [ 0 0 O-Il [ 0 0-I OJ 
Y = 0 I 0 0 Y 0 0-I 0 • Y = 0 I 0 0 ' Y = -I 0 0 0 

I 0 0 0 0 0 0-I -I 0 0 0 0-I 0 0 
nepeXOA OT o6~4HOrO ypaBHeHHR AHpaKa K ypasHeHH~ /1/ MO~eT 
fi~Tb OCy~eCTBneH C nOMO~b~ cneAY~~eH npOCTOH 3aMeH~ BOnHOB~X 
<I>YHKLIHH: 

l/lf.4 = -1/11,4 - il/14,1 • 1/Jf.a = -l/la,2 + il/12,3 • /3/ 

npH 3TOM TpefioBaHHe AeHCTBHTenbHOCTH MaHopaHOBCKHX BOJlHOBbiX 
<I>YHKLIHH npHBOAHT K paBeHCTBaM 

D .*D D .*D 
1/14 = Il/Jl ' , 1/13 = -Il/12 ' /4/ 

PaccMOTPHM nnOCKy~ BOJlHy, pacnpOCTpaHR~~~CR BAOnb OCH y. 
B 3TOM CJly4ae CHCTeMa ypaBHeHHH /1/ pacnaAaeTCR Ha ABe napbl 
~ ~vvoc~•~•gnn ~ ~Y~~~~~u~dN~~M ABYX nHHeHHo-HeaaBHCHM~x pewe
HHH. noACTaBnRR, HanpHMep, 

1/1 = u cos (k 0x 0 - k2 x 2) 1/J = u sin (k 0x 0 - k2 x 2 ) 1 1 • 4 4 

B nepsoe H 4eTsepToe ypasHeHHe, nony4HM 

mu 1- (k 0 - k2 ) u 4 = 0 , 

0 2 - (k + k ) u 1 + mu4 = 0. 

/5/ 

/6/ 

YcnosH~ cy~eCTBOBaHHR HeTpHBHanbHoro peweHHR 3TOH CHCTeM~, 
KaK H o6~4HO, AaeT 

2 0 2 2 2 
m -[(k) -(k)] =0. 171 

nonaraR k 2=0, u 1=u4 =u H 

1/12 = vsink0 x 0 , 1/13 =v cosk0 x 0
, /8/ 

nerKo Hai1AeM 

2 

• 
\ i 

u 

~ 

\I 

IJ 

(m- k0 )u = 0, 

(-k 0 +m)u =0, 

(k 0 + m)v = 0, 

(k 0 + m)v = 0. 
/9/ 

OTC~Aa 3aKn~4aeM, 4TO 1/1 1 H 1/1 4 onHc~sa~T peweHHR c nono~HTenb
HOH, a l/f2 H 1/Ja - C OTPHI..IaTenbHOH 3HeprHRMH. 3TOT peaynbTaT 
RBnReTCR npRM~M cneACTBHeM nHHeHHOCTH ypasHeHHR AHpaKa, Y4H
T~Ba~ero TaKHM ~e o6paaoM 3HaK /HanpasneHHe/ HMnynbca, 4eM 
OTnH4aeTCR 1/11 (l/J2 ) H 1/14 (l/J3 ) • no3TOMy B paCCMaTpHBaeMOM Cny-
4ae cnHH AOn~eH 6~Tb HanpasneH no HMnynbcy HnH npoTHB Hero. 

B aaKn~4eHHe 3Toro naparpa4>a OTMeTHM, 4To, KaK H AnR 6oao
HoB, BCneACTBHe se~eCTBeHHOH BOnHOBOH <I>YHKLIHH 3AeCb B03~HKa~T 
Te ~e TPYAHOCTH, CBR3aHH~e C BBeAeHHeM onepaTOpOB THna ~ =iV. 

3. 4-BEKTOP nnOTHOCTH TOKA BEPORTHOCTH 

B paccMaTpHsaeMoM npeACTasneHHH /2/ AnR nnoTHOCTH ToKa se
poRTHOCTH 

. k - k 
J = 1/Jy 1/1' /10/ 

rAe i =1/J tr yO, fiyAeM HMeTb 

.0 2 2 2 2 
J = 1/11 + 1/12 + 1/Ja + 1/14 • 

.i 
1 

=-2(1/r, 1/1. + Wn Wn ). 

. 2 2 2 2 ·'· 2 J = 1/12 -1/11 + 1/14 -'+'a • 
/lOa/ 

J 
3 

= 2 (1/Jal/14 -1/111/12 ). 

0TMeTHM, 4TO COOTBeTCTBy~~HH aKcHa!lbHbiH BeKTOp j! =if; y ky 51/J = 0, 
Hcnonb3YR /lOa/, B~4HCnHM KBaApaT 4-seKTOpa nnOTHOCTH TOKa 
BepORTHOCTH, npH 3TOM OKa3~BaeTCR, 4TO 

. k . 0 .X 
J Jk= 0 /11/ 

Ho 3To oaHa4aeT, 4TO jk - cseTosoi1 seKTop, T.e. onHc~saeMaR 
HM nnOTHOCTb BepORTHOCTH AOn~Ha pacnpocTpaHRTbCR CO CKOPOCTb~ 

·'· k 0 0 ·'· . 0 0 cseTa. B 4aCTHOCTH, AnR .., 1 = cos x , .., 4 == smk x , 1/12 = 1/18 =<l 
rAe, o4eBHAHO, 1/1 ,f. 1/1 (x, y) , nony4HM, 4TO 

j 0 = 1, j 1 = cos 2k0x 0 , j 2 = sin2k 0 x 0 , 

T.e. HMeeT MeCTO nOTOK nnOTHOCTH BepORTHOCTH B HanpasneHHRX 
ocei1 X H y, EcnH CBR3~BaTb C j k HeKOTOp~H BOnHOBOH naKeT, TO 

:&. TorAa KaK AnR KOMnneKCHOH 1/J j k j k ,f. 0, 
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03Ha4aeT nH 1111, 4TO 4aCTH4a Mace~ m Mo~eT nepeMe~aTbCR co 
CKOpOCTb~ C ? 

nony4eHH~A peaynbTaT OTnH4aeTCR OT TOrO, KOTOp~A HMeeT Mec
TO B penRTHBHCTCKOA 3neKTPOAHHaMHKe AnR nnOTHOCTeA 3neKTPH4e
CKHX 3aPRAOB H TOKa npH ycnOBHH 

rotki j = 0 1121 

I 110TCYTCTBHR BHXpeBbiX TOKOB 111. B 3TOM CJly4ae, npHBneKaR ypae
HeHHe Henpep~BHOCTH 

aj k 
- =0 axk 1131 

6yAeM HMeTb BOnHOBOe ypaBHeHHe AnR KOMnOHeHT jk. 0AHaKO 3AeCb, 
Ka3aJlOCb 6bJ, MO~HO rOBOpHTb 0 TOM, 4TO He CaMH 3apRAbl, a TOnb
KO nJlOTHOCTH 3aPRAOB ITOKOBI MeHR~TCR CO CBeTOBOA CKOPOCTb~. 

CneAyeT OTMeTHTb, 4TO aHanorH4H~A pesynbTaT 1111 AnR KOMn
neKCHoA AHpaKOBCKOA BOnHOBOA cJlYHK4HH Mbl 6yAeM HMeTb npH ycno
BHH m =0. TOrAa CHCTeMa pacnaAaeTCR Ha ABe napbl OAHHaKOBbiX 
I c y4eToM ifJ 1= if.J3 H if.J2 =if.J 4 I ypaeHeHHA. Ho 3AeCb TPYAHOCTH He 
B03HHKaeT, nocKOJlbKY Macca m =0. 

TaKHM o6pasoM, ecnH e cny4ae m=O 4acTH4bl co cnHHOM 112, 
AeACTBHTenbHO, MoryT 6~Tb OnHcaH~ peanbHOA cnHHOpHOA l4eT~pex
KOMnOHeHTHOAI BOnHOBOA cJlYHK4HeA IHnH ABYXKOMnOHeHTHOA KOMnneKc· 
HOA cJlYHK4HeAI, TO npH m~ 0 B03HHKaeT TPYAHOCTb. KoHe4HO, OHa 
He B03HHKaeT, ecnH TOnbKO MaCCHBHOe HeATpHHO 06JlaAaeT MarHHT
H~M MOMeHTOM HnH COXpaHReTCR nenTOHH~A 3apRA. 

0AHaKO M~ XOTHM o6paTHTb BHHMaHHe Ha TO, 4TO OTMe4eHHaR 
TPYAHOCTb MO~eT 6~Tb CBR3aHa C B~6opoM 4-eeKTOpa nJlOTHOCTH TO
Ka eepoRTHOCTH B cJlopMe 1101. Kaaanocb 6~, 3Toro MO~Ho H36e~aTb, 
ecnH aaAaTb jk* c noMO~b~ s~pa~eHHR 

jkr = _l_(;j.!L _ a(f if.l>. 
k 2m ax k axk 

1141 

COOTBeTCTBy~~ero onpeAeneHH~ nnOTHOCTH TOKa BepORTHOCTH 4ac
TIA4, onHCbJBaeMbJX ypaeHeHHeM KneAHa-ropAOHa. Bnpo4eM, npH 3TOM 
BCe paBHO OCTaeTCR OTKpbiT~M BOnpoc: KaKOA $H3H4eCKHA CM~Cn HMe· 
eT eenH4HHa, onpeAenReMaR cJlopMynoA 1101? 

4. 3AKI1104EHHE 

PeanbH~e BOJlHOBbJe cllYHK4HH cny~aT e paMKax KBaHTOeoA MexaHH
KH AnR onHCaHHR noBeAeHHR HeATpaJlbH~X 4aCTIA4. 0AHaKO lAX HCnOJlb" 

*B CBR3H C cy~eCTBOBaHHeM HeOAH03Ha4HOCTH B onpeAeneHHH jk 
AnR 4aCTH4 co cnHHOM 112. 

4 

. l 
(/ 
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30BaHHe B~3~BaeT onpeAeneHH~e TPYAHOCTH, CBR3aHH~e C BBeAe
HHeM AHcJlcJlepeH4HanbHbiX onepaTOpOB lA onpeAeJleHHR nOHRTHR nnOT
HOCTH BepORTHOCTH H ee nOTOKa . 

B cny4ae 4acTH4 co cnHHOM 112 Hcnonb30BaHHe AeAcTBHTenbH~x 
BOnHOB~X cJlYHK4HA HMeeT CBOH oco6eHHOCTH.B 4aCTHOCTH,AHpaKOB
CKHA 4-eeKTOp TOKa BepORTHOCTH OKa3bJBaeTCR 11 CBeTOB~M BeKTOpOM11 • 

nepeXOA K APYrOMY B03MO~HOMY BbJpa~eHH~ AnR j k He ycTpaHReT 
yKa3aHHOA TPYAHOCTH. 
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CTpellbttOB B.H. P2-82-44 
0 n110THOCTI1 TOKa BepORTHOCTI1 HeHTpallbHbiX 4aCTI1lt CO Cni1HOM 1/2 

0TMe4aiOTCR oco6eHHOCTI1 11CnOJ1b30BaHI1R A11R on11caH11R Hei1TpanbHWX 4acT114 
B paMKaX KBaHTOBOH MexaHI1KI1 AeHCTBI1Te11bHbiX BOJlHOBbiX Cl>YHK411H, B 4aCTHOCTI1, 
Ha ocHoee npeACTaeneHI1R Mai1opaHw paccMoTpeHw peweHI1R ypaBHeH11R A11paKa B BI1-
Ae nJ10CKI1X BOJlH 11 Al1paKOBCK11H 4-eeKTOp TOKa eepORTHOCTI1 j k, 0oKa3aHo, 4TO 
a o6cylKAaeMoM cny4ae jk /AllR 4aCTI1tl c Maccoi1 m f, 0 I RB11ReTCR .,ceeToBwM 
BeKTOpOM11 j kj k = 0, 

Pa6oTa BblnOJlHeHa B na6opaTOPI111 BbiCOK11X 3Heprl1i1 OHHH • 

... 

C~eHHe 06~eAHHeHHOro HHCTI1TyTa AAePHWX HCC11eAoBaHHi1. AY6Ha 1982 

Strel-tsov V.N. • P2-82-44 
On Probability Current Density for Neutral Particles with 1/2 Spin 

Some specific properties of using real wave functions to describe 
neutral particles withJn the quantum mechanics framework are describep. 
In particular basing on the Majorana representation solutions of Dirac·s 
equation as plane waves and Dirac·s 4-vector probability current jk are 
considered. It is shown that in the case under discussion it (for par
ticles with m/<Omass) is "light vector" ikit=O. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 
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