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1. BBEJlEHV1E 

06~4HO nonara~T, 4TO Ae~CTB~TenbH~e BonHOB~e ~YHK~~~ B 
KBaHToBol:1 MexaH~Ke onu cu'aaor He~TpanbHble 4aCT~~bl. OAHaKO B 
3TOM nOAxoAe M~ CTanK~BaeMCR C onpeAeneHH~M~ TPYAHOCTRM~, 

CBR3aHH~M~ C BBeAeH~eM A~~~epeH~~anbH~X onepaTopOB Ha6n~Aae
M~X ~ oco6eHHO 0npeAeneH~R nOHRT~R nnOTHOCT~ BepORTHOCT~ ~ 
ee nOTOKa / CM., Hanp~Mep, ,'1// . 

B CnY4ae 4aCT~~ co cn~HOM 1/2 ~cnonb30BaH~e peanbH~X Bon
HOB~X ~YHK~~~ ~MeeT CBO~ oco6eHHOCT~. 3AeCb oco6y~ ponb ~rpa
eT npeACTaBneH~e Ma~opaHa. V1ccneAOBaH~e B ero paMKax CBOI:1CTB 
c nuuopon ~ noc rpoe-o-ux C ~x nOMOU\blO "Ha6n~AaeMblx'l TeH30pHblX 
Ben~4~H MomHO ~accMaTp~BaTb KaK BamHylO CTOPOHY 60nee o6~el:1 

npo6neMbl, Kaca~~el:1cR npORCHeH~R reoMeTp~4ecKo~ ~ ~~3~4ecKol:1 
CY~HOCT~ cn~HopOB. npeAcTaBnReTcR, 4TO 3Ta npo6neM3 Bce e~e 

He y rp a r aria cBoel:1 ax r yans uoc r« / CM.>Hanp~Mep, /2/ /. n03TOMY 
AanbHe~wee ~3Y4eH~e Ben~4~H, on~C~Ba~~~x TeH30p nnOTHOCT~ 

cn~Ha ~ co6CTBeHHoro nopeH~eBa MOMeHTa, onepaTopOB co6CTBeH
H~X MarH~THoro ~ 3neKTp~4eCKoro A~nonbH~x MOMeHTOB, co6cTBeH
HO~ BonHOBo~ ~YHK~~~ onepaTopa npoeK~~~ nopeH~eBa MOMeHTa 

,~ AP., cneAyeT c4~TaTb Ba~Hol:1 3dAa4e~. 

C APyro~ CTOPOHbl, Bonpoc npeAcTaBneH~A KOMnOHeHT 4-BeKTopa 
4epe3 cn~HopH~e nepeMeHH~e no CYT~ Aena CBR3aH C ~YHAaMeHTanb
HO~ npo6neMo~ /CM., Hanp~Mep,/3// o TOM, KaK~e Ben~4~H~ cne~ 
nye r C4~TaTb IlnepB~4HbIM~ KOOPA~HaTaM~ll B HaUJe~ ~~3~4ecKol:1 
KapT~He on~caH~R M~pa. 

2. 5V1Cnli1HOPbl / 4- cn~Hopbl/ 

2.1.1. 5YAeM ~CXüA~Tb ~3 ypaBHeH~" a~paKa - Mal:1opaHa 

. a 
(y 1 _. + m) 1/, = o 

Jx 1 

r ne i :::: O, 1, 2, 3, 

/1/ 

n	 :::: C = 1, a

• Ob.e;n~ilt:'~IÍr.;\\ ~acnrryT \ 
U"':~21~X	 BC.C ~~JlORaU8~ ..
 
6~~H~!OTEKA
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1 0 0 0 (000-1) (0-100)
0-100 00 10 -1000 

yO ~( o1 OO ' 
yl= 

OO1 O ), y ~ O1 OO ,y3= • OOO- 1 . 
~o~~~) 

(
 
- 1 OOO
 000-1 -1000 00-10 

/2/ 
nepeXOA OT o6w4~oro ypaBHeH~A A~paKa K ypaBHeH~~ /1/ OCYll.\eCT-
BnAeTCA c nOMO~b~ cneAy~~e~ 3aMeHW BonHoBo~ ~YHK~~~: 

Dl. 2
W, =~(I-IY)t/J. /3/ 

~ T oAnA ~HBap~aHTOB ~ 4-BeKTOpa j k= :jykt/J, rAe ~,= ~ y , 06pa30
BaHHWX ABYMA peanbHWM~ 6~Cn~HOpaM~ ~ ~ t/J, 6YAeM ~MeTb 

s ~t/J = ~1 t/J 4 - ~2l/J3 + ~3 t/J 2 - ~4t/Jl 
~ 5 

P = ~y t/J = ~ lt/J 3+ ~2t/J4 - ~3t/Jl - f/J 4 t/J 2 , 

j °= ~ ~ t/J 1 + cP2 t/J 2 + çjJ 3 t/J 3 + ~ 4 t/J 4 

j 1 = cP 1t/J4 + cP2 t/J3 + ~ 3t/J2 + çjJ 4 t/J 1 /4/ 

j 2 === ~ 1 t/J 1 + cP 2t/J 2 - çjJ 3 t/J 3 - ~ 4 t/J4 ' 

j 3 = ~ 1 t/J3 - f/J2 t/J 4 + cP 3 t/J1 - cP4 t/J2' 

np~ 3TOM 

jkjk = _S2,..;.p2 , /5/ 

T.e. jk - npOCTpaHCTBeHHO-nOA06HW~ BeKTOp. 

Ecnu ~ == t/J, TO S = P := O, OTKYAa cnenye r , 4TO 4-BeKTOp 
nnOTHOCT~ TOKa BepOATHOCT~ j k= -J:ykt/J - ~30TpOnHbl~ ~n~ "CBe
TOBO~I' - BeKTOp /1, 4/. TaK~M 06pa30M, 3AeCb Mbl CTanK~ BaeMCA 
C TPYAHOCTb~, BWpa*a~~e~CA B TOM, 4TO nnOTHOCTb BepOATHOCT~ 

4aCT~~ C MaCCO~ m ~O nepeMe~aeTCA CO CKOpOCTb~ CBeTa. Ha nep
BW~ 83rnAA KameTCA, 4TO YKa3aHHY~ TPYAHOCTb MOmHO YCTpaH~Tb. 

Ae~CTB~TenbHO ,paCCMOTp~M peWeH~e /cBo6oAHOrO/ ypaBHe
H~A /1/ B ~opMe nnOCKO~ BonHW 4ijCTHOrO B~Aa 

t/J = u sin (k °x ° _k Q a)a a x, /6/ 
" 

rAe a - cn~HopHw~ ~HAeKC, a = 1,2,3. 3TO BwpameH~e YAOBneTBO
pae r ypaBHeH~~ .Q~paKa - Ma~opaHa /1/, e cru- r ons xo esmoru-a e r 
CA ycnoaue m = O. 

2 

;.. 

OAHaKO B o6~eM cnY4ae BMeCTO /6/ ~MeeM 

t/J a = U a Sin (k °x O - k Qx a) + V a cos (k °x O - k a X a ) • /7/ 

B pe3ynbTaTe nOACTaHOBK~ /7/ B ypaBHeH~e /1/ non~4~M, AnA BOCb

M~ K03~~~~~eHTOB cneAy~~~e 4eTwpe ycnoB~A:
 

V 1 = +(k ° + k 2) U 4 ±k 1 U 1 -k 3 u 2
 
2 3 2 1 rr / 

v 3 =;: (k O + k 2) U2 ±k 1 U 3 -k 3 u 4 
4 1 4 3 

T.e. TaK~M o6pa30M ynoMAHYTY~ TPYAHOCTb YCTpaH~Tb He YAaeTcA. 

'2.1 .2. Ben~4~Ha jk npeo6pa3yeTcA np~ npOCTpaHCTBeHHWX 
Bpall.\eH~AX ~ npeo6pa30BaH~Ax nOpeH~a KaK 4-BeKToP. 4TO Kaca
eTCA onepa~~~ ~HBepc~~, TO np~ npOCTpaHCTBeHHOM OTpa*eH~~ 

~MeeM 

t/J' == pt/J =y0t/J, /8/
p 

OTKYAa 

P: j O' =: j ° , j a ' = _ j a (s ' = 8, p ' =: _ p) . /9/ 

np~' 06pall.\eH~~ BpeMeH~ 

t/J~ = Tt/J = yl y2 y3l/J := yOy5l/J /10/ 

~ 

T: j O' = j '0, j a' = _ j a (8' = - 8, p" = p) • /11/ 

04eB~AHO, 4TO 3AeCb MW ~MeeM OTn~4~e OT Tpe6yeMorO 3aKOHa 
npeo6pa30BaH~A 

xO'=_x O , xa'_x Q /12/ 

KOOPA~HaTHoro 4-BeKTopa. 
B CBA3~ co CKa3a~HWM paCCMOTp~M aHT~C~MMeTp~4HW~ 4-TeH30p 

TpeTbero paHra J 1k j , OTn~4HWe OT HynA KOMnOHeHTW KOTOporo 
onpeAenA~TCA Bwpa*eH~AM~ 

J 123 ~ 1t/J 2 - ~2 t/J1 - et> 3t/J 4 + ~ 4t/J 3 ' 

J 023 ~ 1t/J 3 - 4> 2t/J4 - 4>3 t/J 1+ 4> 4 t/J 2 ' 

3 



J 0 13 = - epl t/J 2 + ep 2t/J 1 - cP 3t/J4 + cP 4 t/J 3 ' 
/13/ 

J °12 = - cP 1 tP 4 - cP 2 t/J 3 + cP 3' t/J 2 + ep 4tP' 1 

KaK 06b14HO, MomHo aaec ru AyanbHblL1 J jkf 4-SeKTOP 

J i 1 ijk~ J 
= 3! e jkf	 /14/ 

i 'k~ 
rAe (J - CIt1MSOn Jle au - 4eSIt1Ta.
 

C Y4eTOM /8/, /10/ ~ /13/ nerKO Ha~AeM, 4TO
 

P:. JO'=-J~, J a, Ja 

/15/T: -JO'= _JO, Ja' =Ja 

TaKIt1M 06pa30M, S 3TOM cnY4ae 4~seKTop Ji nped6pa3yeTCR It1Ha4e,
 
4eM KooPAIt1HaTHbl~ seKTOp nplt1 npOCTpaHCTseHHO~ It1HSepCIt1It1. KpOMe
 
Toro, OH He YAosneTsopReT ypasHeHIt1~ HenpepblSHOCTIt1, a n03TOMY
 
He MomeT onlt1CWSaTb TOK sepORTHOCTIt1.
 
- B TO me speMR 06W4HW~ 4-seKTOp nnOTHOCTIt1 TOKa lt1 4-seKTOp
 
nnOTHOCTIt1 TOKa sepORTHOCTIt1 CKanRpHWX 4aCTIt1~ npe06pa3yeTcR KaK
 
KOOPAIt1HaTHW~- 4-seKTOp. 

3aMeTIt1M 3AeCb, 4TO nocne 1t13MeHeHIt1R 3HaKa scex KOOPAIt1HaT 
S ypasHeHlt11t1 /1/ MO}\{HO sepHYTbCR K It1CXOAHOMY ypasHeHIt1~, ecnlt1 
TaK}\{e 1t13MeHIt1Tb 3HaK Y nocneAHero 4neHa, T.e. nepe~TIt1 K 4aCTIt1
~aM c O~plt1~aTenbHo~ Macco~ /aHTIt14aCTIt1~aM/. 

OTMeTIt1M TaKme, 4TO ycnoslt1e It1CTIt1HHO~ He~TpanbHOCllt1 4aCTIt1~bl 
tP = l/Jc , r ne tf; c - 3apRAoso-conpflmeHHaR aonaoaas <PYHK~\1R, a npen
CTaSneHlt11t1 Ma~opaHa 03Ha4aeT tf; = t, T. e. peans aoc r s sonHOSO~ 
<PYHK~It1It1. B 3TOM cnY4ae HapyweHlt1e P-It1HSaplt1aHTHOCTIt1 AonmHo co
npoaoxne r s cn HapyweHlt1eM T -It1HSaplt1aHTHOCT\1 /5/. 

2.1.3. -nOCKonbKY sce <P1t131t14eCKlt1e Senlt141t1HW f1Snfl~TCfI TeMIt1 
It1nlt1 \1HWMIt1 <PYHK~It1f1MIt1 KOOPAIt1HaT, TO nplt1 onepa~It1f1X 3epKanbHoro 
OTpa}\{eHIt1f1 P lt1 06pa~eHIt1It1 SpeMeHIt1 T OHIt1 S~AYT ce6f1 COOTseTCTsy~
~It1M 06pa30M: 

--+ --+ -+ --+ 
Per --+ -r, t .. t ) T (r --+ r, t --+ - t ) 

--+ --+ --+ ...
It1Mnynbc	 p --+ -p p --+ p 

3Hepn1f1	 E --+ E E --+ -E 
--+ --+ ... -+ 

yrnoso~ MOMeHT	 J ... j J -+ J 

nnOTHOCTb 3apflAa	 p --+ p P ... - P 
;+ 7 --+ --+nnoTHOCTb TOKa J --+ -J j --+ j 

4 

--+ --+ -~ ...
3neKTplt14eCKOe none E --+ - E E --+ -E 

-+ -+ ... ...
MélrHIt1THOe none H --+ H H ... H 
CKanflpHW~ nOTeH~lt1an ep --+ ep ep --+ - ep 

... -+ --+ ... 
seKTopHbl~ noreuuuan A --+ - A A --+ A 

3Aecb Mbl Y4nlt1, Hanplt1Mep, 4TO pi = (E, p) = m(dt/dr, dr/dr), 
a nnOTHOCTb 3neKTplt14eCKIt1X 3apRAos s eAIt1HIt1~e 06beMa (V) MeHReT 
3HaK np» P -onep auau , nockons KY nplt1 3TOM V ... - V o 06b14HO, OA
HaKo, SMeCTO TeH30pa 06beMa nons ayotcn AyanbHblM eMY 4-seKTo
POM ri6~eMa, speMeHHY~ KOMnOHeHTY KüToporo onpeAenfleT Senlt14~Ha 

npOCTpaHCTseHHoro 06beMa. BcneACTslt1e 3Toro nnOTHOCTb 3apRAos, 
6YAY41t1 speMeHHO~ KOMnOHeHTHOL1 4-seKTopa n~OTHOCTIt1 TOKa, 
MeHfleT 3HaK nplt1 06pa~eHIt1It1 SpeMeHIt1. OTC~Aa Ha OCHOSaHIt1K ypas
HeHIt1~ MaKcsenna - nOpeH~a MO}\{HO YCTaHoslt1Tb noseAe~lt1e Benlt1
41t1H, OnIt1CbISalO~It1X 3neKTpOMarHIt1THOe none, lt1 T. A. 

2.1.4. PaCCMOTp\1M TeH30p nnOTHOCTIt1 Cnlt1HOSOrO MOMeHTa 
/CM., Hanplt1Mep, /6,' / 

S mf, k 1.Z ( k em em k) .1. 
= 4" 'fi 'Y (J + (J Y 'fi,	 /16/ 

rAe 

(Y Em =..!.. (y ey m _ y nye )
2	 /17/ 

- TaK Ha3blsaeMbl~ "MaTpIt14Hbl~ TeH30p cnaua" o 
HeTPYAHO nOKa3aTb, 4TO 'nplt1 3TOM Bce KOMnOHêHTW TeH30pa 

c pa3nlt14HWMIt1 It1HAeKCaMIt1 6YAYT pasHW Hyn~o B 4aCTHOCT~, 

S 12, °= S 13,0 = S 23,0 = S 12,3 = O.	 /18/ 

C APyro~ CTOpOHW, Ha~AeM, 4TO 

_SOl,O =S12,2='jl, -S02,0=S12,1=j2, _S03,0=j3, -S0l,l=jOH ToAo 

3 
/19/ 

nnfl npOeK~1t11t1 seKTopa Cnlt1Ha Ha OCb x It1MeeM 

S 3 = f S 12,i dV 1 '	 '/2n/ 

r ne dV i - 4- aex r op 06beMa. B cnyuae dV a = O, T . e. a c06CTseH
xlHO~ CIt1CTeMe 4aCTIt1~bl, S3 = o. nplt1 AS\1}\{eHIt1It1 anons OCIt1 , 

dV1 ~ O Cnlt1H 6YAeT nemaTb s nnOCKOCTIt1, HopManbHo~ K Hanpasne
HIt1~ ASlt1meHIt1R (S 2 =I O, S 3 ~ O). 
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CneAyeT OTMeT~Tb, 410 8 06~eM.8en~4~Ha T~na j 2 ,~O, j 3 = ~(eb ll/J 1 - eb 2 t/J 2 ). /22/ 

S3 = r s 12.0 dVo 120~ 1 TaK~M 06pa30M, AByxKoMnoHeHTH~e cn~Hop~ 6YAYT onpeAenATb 
/1+2/ - npocTpaHcTBo/7!.~HTepecHo OTMeTv1Tb, 4TO np~ 3TOM OAHa 

AonmHa MeHATb 3HaK np~ 06pa~eH~~ BpeMeH~. KOMnOHeHTa cn~Hopa ~MeeT npoeK~~H Ha Bce Tp~ oc~ KOOPA~HaT. 

Ha OCHOBaH~~ B~pameH~A AnA S12.1 HeTPYAHO nOKa3aTb, 4TO B~pameH~A /22/ MomHO 3an~caTb C nOMO~blO ABYXPAAH~X MaTp~~ 

~3MeHeH~e HanpaBneHv1A CII~Ha Ha nporu sononoxaoe CBA3aHO, 
B 49CTHOCT~, c nepeXOAOM OT lf; T =: NO, 1..0, O) K lf; T:= N(O. 0,1,1) 

* 2.2. Ilonaraa cP:= rj;, np~AeM K COOTBeTCTBYIO~~M npll1 Bbl4HblM 
$opMynaM' B npeACTaBneHlI1111 Ma~opaHa. B 3TOM cnY4ae, Hanp~Mep, 

s·~ p 6YAYT 4~CTO MH~M~M~ Ben~4~HaM~, a n03ToMY, cornaCHo /5/, 
jk, Ka3anOCb 6~, Aon*H~ onpeAenATb BpeMeH~noA06H~~ 4-BeKTop. 
OAHaKo c Y4eTOM TO~O, 4TO Ae~cTB~TenbH~e ~ MH~M~e 4aCT~ ~ 

nOJ\4~HAIOTCA OA'HHM 111 TeM >t<e CB060AHblM ypa BHeH~AM, T. e ., no 
CYl14eCTBY, paBHblM Me>t<AY c060~, ons r s r r ax» 6YAeM ~MeTb jkj,k 

= O. no TO~ me npll14~He 6YAeT paBeH HynlO TeH30p 3Hepr~~ 
~Mnynbca 

T1k=:!-(.j;yk a~ aVI yk~). /21/
2 dX dx1 i 

2.3. Bonpoc o nOCTpoeHII1~ 4-BeKTopa ~3 6~cn~HopoB ~MeeT 

caMOCTOATenbH~~ ~HTepec. HomeT 6~Tb~cnMHopH~e Ben~4H~~ cneAO
Bano 6bl paCCMaTp~BaTb KaK c aoero pena "nepB~4Hble. CY~HOCT~II, 

~3 KOTOP~X CTPOATCA 06~4H~e /np~B~4H~e/ Ben~4~H~. KaK cne
AyeT, OAHaKO, ~3 npeAblAy~ero paCCMOTpeH~A, MbI He MomeM B3ATb 
aa OCHOBY BMecTO xi 4eTblpe / Ae~c TB~Tenb Hble/ Ben~4~Hbl cP a , 

nOCKon~KY C ~X nOMo~blO MomHO nocTpo~Tb TonbKO ~30TponH~~ 

4-BeKTOp. np~Bne4eH~e APyroro 6~Cn1l1HOpa n03BonAeT nonY4l11Tb 
TonbKO npOCTpaHCTBeHHo-noA06H~~ 4-BeKTOp. np~ 3TOM nOBeAeHlI1e 
YKa3aHHblX 4-seKTopOB OTHOC~TenbHO onepauu« 06pa~eH~A BpeM'eHII1 
6YAeT OTnH4aTbCA OT TpebyeMoro. Bnp04eM, yme caMO BBeAeHlI1e 
BMeCTO -re ruoex BOC'bMII1 "0CHOBHbIXll Ben~4~H Henb3A npll13HaTb 
YAOBneTBop~TenbHblM warOM. 

3. cnHHOp~ /2-cn~Hop~/ 

3.1. nYCTb cf; 1:': cf; 3' 4> 2=: cf; 4 ~ T .A. Ha OCHOBaH~~ /4/ r oraa no
nY4~M 

/AnA YA06cTBa j3~j2 / 

I~J:.~ O 1 1 O o -1 , 1 2aO = a( -1 O), == ( O -1 ), a =(-10)' /23/ 

TorAa 04eBlI1AHO 

~ ks=:ep.p, jk ep a t/J, /24/ 

- T O 
r ne cf; = cf; a , k = O, 1 ,2. 

* 3.2. Kor na Mbl 06bl4HO nonaraea cf; = t/J,' TO $opMynbl /22/ CHOBa 
MomHO B~pa3~Tb 4epe3 4eTblpe Ae~CTS~TenbHble ~YHK~~~. ~cnonb

3YA PAA YKa3aHHblX Ben~4~H, MomHO nOCTpOIl1Tb 4eTblpeXKOMnOHeHT
HylO $YHK~~IO ~~= (Re t/J l' Imt/J 1 ,Ret/J'2' Imt/J2)' np~ 3TOM nocrpoeu-
Hbl~ c ee nOMOl14blO /1 +2/ - sex top -j k= <1> y'k4) 6YAeT BpeMeHII1
nOA06eH. anA MaTp~~ y'k Ha OCHOBaH~1I1 ypasHeHII1A /1/ nonY4l11M 

O OO O O 1) ( O OO O 1 O ) (1 O OO O) ~O OO -1 O)-1 O O 1 O 1 O O 0-1 

y~ O -1 O O ,y'~ -1 O O O ,y'l= O 0-1 O ,y'~ -1 O O O • 
( 

1 O O O O -1 O O O O O -1 O -1 O O 

/25/ 
3Aecb MbI r aiose BbJnll1can~ MâTP~~Y y s. B OTf1~4~e OT np~Bbl4Horo 

Bblpa)f{eH~A AnA cxanapa B AaHHOM cnyvae 6YAeM ~MeTb s = ~T yS<I>. 
HHTepeCHO OTMeT~Tb, 4TO npll1 3TOM 

y'Oy' I y' 2 =: I, , y' 0y' 1 =: y'2 111 T.A. /26/ 

4. KBATEPcn~HOp~ /8-cnIl1HoPbl/ 

npIl1B~4HbI~ HaM 6l11cn~Hop npeACTaBnAeT co601O cTon6e~ ~3 4e
Tblpex KOMnneKCHblX $YHK~II1~. HHa4e roaopa , OH onacuaae'r ca 
BOCbMblO Ae~CTB~TenbHblM~ $YHK~II1AM~. 

s = 2(4> t t/J 2 - cP2 t/J 1 ) , p =: O , HMeA B BII1AY 3aTpOHYT~~ HaMII1 paHee Bonpoc o TOM, HaCKonbKO;'1
 
He06xOA~Ma MHII1MaA eAII1H~~a npll1 OnIl1CaH~1I1 He~TpanbHblX 4aCTII1~ B 

j O =: 2(cP 1~ 1 + cf; 2 t/J2)' j 1 =: 2(4> 1~ 2 + ep2 t/J 1 ) , KBaHTOBO~ MexaH~Ke, ~ B COOTBeTCTBII1~ c pe3ynbTaToM n.3.2, 
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sseAeM KSaTepCn~HOp~. TaK MW 6YAeM "Ha3~SaTb cTon6u~ ~3 BOCbM~ 

Ae~CTS~TenbH~X ~YHKU~~ 

.<1J T =o (rl' ml' r 2 ' m2 , r 3' m3' r 4' m4) , /27/ 

rne r =o Re t/J ' m Irn t/J . Bsenea nanee 8-pflAHble MaTp~Ubl r i=o : 
a a a a . 

• O • 
r 0=0 ( o Y ) , r 1 =o ( y 1 o ) r 2 =o ( o y2 1'3 = ( Y3 o ) 

/28/yO o 

rne yO= y'O 

cKanflpa s ~ 

_Ji =<lJri<IJ, 

s = <1J "r B <1J , 

3Aecb 

• 2 ),o y1 ' Y o o y3 

, yl=y'l , y2=y2, Y3=y'2. Anfl 4-seKTopa r ", 
ncesAocKanflpa P Ha~AeM 

<1l = <lJT1'0, 
/2~/ 

P = <IJ "rP <lJ. 

O1 OO) 
= -1 O O o 

r 8 O y s) r P = (0 Y p) y P /30/= O O O 1. yP o ' ( y ~ o ' ( O o -1 O 

H~TPYAHO B~AeTb, 4TO s 3TOM nOAxoAe 4-Be~Top nnOTHOCT~ TOKa 
BepoflTHoCT~ 6YAeT TaKme npeAcTaBnflTb co6o~ BpeMeH~noAo6H~~ 

BeKTop 

k .". 2 2J J k = S + p . 

TaK~M 06pa30M, XOTfI npeAnaraeMoe on~caH~e 

4eM nepauuaoe , ~ OCTaeTCfI HeflCHblM l1;J~3~4eCK~~ 

4eT~pex AononH~TenbH~x KOMnoHeHT, oAHaKo np~ 

/31/ 

60nee rpoMo3AKO, 
CMblcn BBeAe)-i~fI 

3TOM M~ ~MeeM 

peanbHwe BonHOB~e ~YHKU~~ ~ BpeMeH~noAo6Hw~ 4-BeKTop TOKa. 

5. A~PAKOBCK~~ 4-BEKTOP nnOTHOCT~ TOKA BEPO~THOCT~ 

B npeACTaBneH~~ Ma~opaHa Ae~cTB~TenbH~e ~ MH~M~e 4aCT~ 

BonHOBO~ $YHKU~~ YAOBneTBopfl~T 0AH~M ~ TeM me C~060~H~M ypaB
HeH~eM, T.e. no CYT~ Aena flB~fI~TCfI OA~HaKOBWM~.$YHKU~flM~ 

/ Re t/J = Im t/J /. ~BHbl~ Y4eT aroro e.pa!<Ta Ha, OCHOBaH~~ /3/ npuaoa 
A~T K,CooT~oweH~flM MemAY KOMnOHeHTaM~ A~paKoBcKo~ BonHOBO~ 

$YHK~~~ ~ c90TBeTCTBY~~~M~ KOMnneKCHO conpflmeHHWM~ sen~~~HaMH: 

a 

*t/JD = -t/J D t/J g 
D =-t/J*D

2 • /32/
4 1 

8 

l. 
3TO o aua-iae r , 4TO BMeCTO BOCbM~ BonHOBblX ypaBHeH~~ Mbl 6YAeM 
$aKT~4ecK~ ~MeTb TonbKO 4eT~pe. Y4eT /32/ B $opMynax Anfl CKa
nRpa sn ~ nceBAOCKanRpa Pn np~BoA~T K o6pa~eH~~ ~x B Hynb 
/sn=PD= 0/. Ho nOCKonbKY kaanpar 4-ToKa BepOflTHOCT~ jki 
B~pamaeTCfI 4epe3 CYMMY KBaApaTOB YKa3aHH~X Ben~4~H, TO 3To 
03Ha4aeT paBeHCTBO 

jkjD=O. /33/(j' D k ,. TaK~M o6pa30M, ~ B A~paKOBCKOM npeACTaBneH~~ 4-BeKTop 
nnOTHOC T~ TOK.a aepoa THOCT~ no CYT~ nene fi anae TCfI IlcBeTOBbIM" 
seKTopOM. 

\ 

~ 
) 

) 
6. onEPATOp~ nOPEHUEBA ~ A~nOnbHOrO MOMEHTOB 

6.1. ~TaK, 06~4HO peanbH~e cn~HopH~e BonH08~e $YHKU~~~ 
o KOTOP~X wna pe4b B~we, M~ CBfl3wBaeM c He~TpanbH~M~ 4aCT~

uaM~. KOMnneKc~we BonHOB~e ~YHKU~~ on~C~Ba~T 3apflmeHHwe 
4aCT~UW. 

Anfl Toro 4To6~ BBeCT~ B3a~MOAe~CTB~e 4aCT~u~ 3apflAa e 
13neKTp~Ha/ c 3neKTpOMarH~TH~M noneM Ak,HymHO B ypaBHeH~~ /1/ 
npOBeCT~ Kan~6poBo4Hoe npeo6pa30BaH~e. 

a a , 
-- -t -- + leA /34/ax k ax k 

nocne KBaAP~pOBaH~fI ypaBHeH~fI /1/ np~AeM K B~pameH~~, KOTopoe 
OTn~4aeTCfI OT ~3BeCTHoro ypaBHeH~fI Kne~Ha - rOPAoHa a 3neKTpo
MarH~THOM none Han~4~eM tnaraeMoro 

'k ~ -t ~ '-+ 
i e C1 1 F ik = i (11 H + dE) . /35/ 

3AeCb Fik -TeH30p 3neKTpOMarH~THoro nons . 
nepBbl~ 4neH B np aaosi 4aCT~ /35/ noaaonae r r-oeopur s o Han~

4~~ Y 4aCT~Ubl co6cT~eHHoro MarH~THoro MOMeHTa, CBfl3aHHoro c 
cy~ecTBoBaH~eM cn~Ha. 

OAHaKo M~ XOT~M 3AeCb o6paT~Tb BH~MaH~e Ha BTOPO~ 4neH 
B npaBo~ 4aCT~ /35/~ OH nonHOCTb~ aHanor~4eH nepBOMY ~ 03Ha
4aeT, 4TO 3neKTpOH nonxe« 'BeCT~ ceõa TaK, KaK ecru- 6bl Y Hero 
õun ~ cb6cTBeHHbl~ A~nonbHbl~ MOMeHT /cp. c e.t>opMynaM~ /18//. 

3Kcnep~MeHTanbHw~ $aKT OTCYTCTB~fI co6cTBeHHoro 3neKTp~4eCKO
ro A~nonbHoro MOMeHTa AonmeH, Ka3anOCb 6bl, np~BOA~Tb K ycnoB~~ 

C1 Oa E = O , 
a /361 
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HJlH, B 4aCTHOCTH, 

</36" / E x t/J;4 + E y «/11 + E z «/I 2 = O. 

04eBI-1AHO, 4TO rpefiyexoe YCJlOBHe 6YA'eT BbInOJlHeHO, eCJlH
 
TOJlbKO t/J == O.
 

6.2. 3JleKTpH4eCKH~ AHnOJlbH~~ MOMeHT TeCHO CBR3aH c MOMeH

TOM ABH)KeHHR uea rp a HHep4HH HJlH nopeuue sus: MOMeHTOM L Oa. npH
 
3TOM;B 4aCTHOCTH, KBaApaT onepaTopa ([Oa)2 HMeeT BHA
 

",e Oa 2' 2 a' a' a2 a a a 2 a 
(L ) = t - - 3t - - 2t --- - x - + (x ) -. /37/aX 2 at at ax aXa at 2a	 a 

'HanpHMep, C06CTBeHHaR BOJlHOBaR $YHK~HR OnepaTOpa npOeK~~H 

JlOpeH~eBa MOMeHTa LOz onpeAeJlReTC~ B~pameHHeM 

«/J = N exp (i 'TI OZ arctg : ),	 /38/ 

OTMeTHM, 4TO ~ npOCTe~weM CJlY4ae cB060AHOrO 'ABHmeH~R c onpe
AeJleHH~M 3Ha4eH~eM Op6HTaJlbHOfO MOMeHTa /AJlR npOCTOT~ e= 0/ 
4aCTHoe' peweHHe ypaBHeHHR KJle~Ha - rOPAOHa AaeTCR $OPM~JlO~ 

sin kr 
«/J = A--exp(-iEt) .	 /39/

kr • 

HeTP'YAHO noxaaar s ,4TO 3TO peureuue , 2YA~4H c06cTI3'eHHà~ $YHK
4He~ oneparopa Op6HTaJlbHOrO MOMeHTa (L a/j ) ~ He RBJlReTCR c06
c':BéHH6~ $YHK~He~ onepa roo a (f. Oa ) 2. 

OTM~THM 3Á'eCb, 4TO npa nepexone K APyro~ HHep~HaJlbHO~ 
CHCTeMe OTC4eTa (8'), ABHmy~e~cR OTHOCHTeJlbHO HcxoAHO~ co 
CKOPOCTblO Vz ={3, peureuae /39/ MomHO 6YAeT npeACTaBHTb B BHAe 
pa3JlOmeHHR no CTeneHRM (3 cos8(cos8 = z/r). TaKHM 0f'pa30M, B 8' 
CHCTeMe B 3aBHCHMOCTH OT BeJlH4HHbl {3 6YAYT nORBJlRTbCR A0f10,n
HHTeJlbH~e Op6HTaJlbH~e MOMeHT~ f 6 1,2 H T~A. 

7.	 3AKIl104EHHE 

06bl4HO peaJlbHble BOJlHOBble <!JYHK~HH cnyxs r B paMKax KBaHTO
BO~ MexaHHKH AJlR onHcaHHR nOBeAeHHR He~TpaJlbH~X 4aCT~~. 

nOCTpoeHH~~ c nOMO~blO peaJlbHOrO 6HcnHHopa 4-BeKTop TOKa Be
pORTHOCTH jk RBJlReTCR IlcBeTOSblMl1 BeKTopOM. npH 06pa~eHHH 
~~eMeHH jk Hpe06pa3yeTcR HHa4e, 4eM KooPAH~aTH~~ 4-BeKTop. 
nOCTPO~HH~~ c nOMO~blO ABYX pa3H~X peaJlbH~X 6HcnHHopoB 4-BeK
TOp jk - npocTpaHcTBeHHo-noA06eH; BBeAeHHe KBaTepcnHHopOB 

10 

AaeT B03MomHOCTb $opMaJlbHO nOCTpOHTb BpeMeHHnoA06H~~ 4-BeKTop 
TOKa BepORTHOCTH. . 

:j
 

6~JlH paCCMOTpeH~ TaKme CBO~CTBa TeH39pa nJlOTHOCTH cnHHa
 
H c06CTBeHHoro JlbpeHl\eBa MOMeHTa, YCJlOBHe ofipa~eHHR B HYJlb
 
B3aHMOAe~CTBHR c c06CTBeHH~M ~JleKTpH4eCKHM AHnOJlbH~M MOMeHTOM,
 
nOJlY4eHa c06CTBeHHaR BOJlHOBaR $YHK4HR onepaTopa npoeK4HH JlO

peH4eBa MOMeHTa H AP.
 

BMecTe c TeM 6~JlO oTMe4eHo, 4TO y~e Tpe60BaHHe npOCTOT~ He 
n03BOJlReT paCCMaTpHBaTb cnuaop aue BeJlH4HHbl KaK IlnepBH4Hble ll 

KOOPAHHaT~ B Hawe~ ~H3H4ecKo~ KapTHHe onHcaHHR ~Hpa. 

ABTOP aup axae r õnaroneouoc r e A. M. AXMeTeJlH 3a none anue 
3aMe4aHHR. 
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CTpenhn;oB B.H. P2-87-660 
0 npoAOnhHhlX pa3Mepax penHTHBHCTCKHX qacTHIJ; 

06cy~aiDTCH OC06eHHOCTH HCOOnh30BaHHH AnH OOHCaHHH 
HeiiTpanhHbJX qaCTHIJ; CO COHHOM 1 /2 /B paMKaX npeACTaBneHHH 
MaiiopaHa/ AeHCTBHTenhHbJX 6HcnHHOpHbJX BonHOBbiX «l>YHKIJ;HH, 
B qaCTHOCTH, H3BeCTHaH TPYAHOCTb: 4-BeKTOp TOKa BepOHT
HOCTH jk - 11 CBeTOBOH11 BeKTOp. BBeAeHHe KBaTepcnHHOPOB no-
3BOnHeT cPOpManhHO nOCTpOHTh BpeMeHHllOA06HbJH 4-BeKTOp j k, 

PaccMoTpeHbJ CBOHCTBa TeH3opa nnoTHOCTH cnHHa H co6cTBeH
Horo nopeHn;eBa MOMeHTa, C06CTBeHHaH BOnHOBaH «l>YHKIJ;HH one
paTopa npoeKIJ;HH nopeHn;eBa MOMeHTa H AP· 

Pa6oTa BhlOOnHeHa B ITa6opaTOPHH BbJCOKHX 3HeprHii OIUIH. 

CoofuueHHe 061>e,nHHeHHOrO HHCTHTYT& ll,llepHbiX HCCJie,tJ;OBillfHA. ,lUr6Ha 1987 

ITepeBOA O.C.BHHorpaAOBOH 

Streltsov V.N. 
On Longitudinal Dimensions of Relativistic 
Particles 

P2-87-660 

Special features are discussed of using for descrip
tion of neutral particles with spin 1/2 (within the Majo
rana representation) of real bispinor wave functions, in 
particular, a known difficulty: 4 - vector probability 
current of j k -"light vector". Introduction of quarter
spinors permits to construct formally a time-like 4-vec
tor jk .Tensors of spin density and of proper Lorentz mo
ment,proper wave function of projection operator of Lo
rentz moment etc. are considered. 

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