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AHHoTauua

besmaccosoe none llTiokenbbepra uccnepyercs B LUAUH-
Apuyeckux KooppuHatax. Moneeas yHKLUA COCTOUT U3 CKa-
nspa, 4-BeKTopa U aHTUCMMMETPUUHOrO TeH3opa. Pusnuecku
HabnopaeMbiMU BeMUUHAMU SABNSAOTCS TONbKO CKansap W 4-
BekTop. Ucnonb3yercs MaTpuuHoe ypaBHeHue LUTiokenbbep-
ra, 06o6wueHHoe Ha NPoOM3BONbHOE PUMAHOBO NMPOCTPAHCTBO,
B TOM uucne U Ha nioGble KPUBONMHENHbIE KOOPAMHATBI Npo-
cTpaHcTBa MuHKoBCKoro. CTposTCA peleHWs 3Toro ypaeHe-
HUS C LMNMHAPUYECKOI CUMMETpUEN, NPY 3TOM fUaroHanusm-
pyloTCS onepaTopbl 3HEPrUK, TPEeTbel NPOEKLMM MOMHOTO Y-
NIOBOro MOMeHTa W TpeTbel NpoeKuun umnynbca. Mocne pas-
AeneHus nepeMeHHbIX B LUIUHAPUYECKON CUCTEME KOOPAM-
HaT nonyuyeHa cucteMa u3 11 pudtepeHuManbHbIX ypaBHe-
HWi No nonspHoii KoopauHate. OHa pelwaeTcs ¢ Ucnonb3oBa-
HueM Metopa PepopoBa-IpoHcKoro. B cooTBeTCTBUM C 3TUM
MeTofoM, 11 (yHKUMIA BbIPAKAKTCA Yepe3 TPU OCHOBHbIE.
Mo u3BECTHOI MeToAMKe HaKNaabiBaloTCs AudhepeHuUanb-
Hble YCIOBUS CBAI3W, KOTOpble COBMECTHbI C Moay4eHHbiMU 11
YPaBHEHUSIMM W MO3BONSAKT NpeobpasoBaTb 3TW ypaBHEHUs
B anrebpanyeckune. Ita anrebpanyeckas cuctemMa pewaercs
CTaHAAPTHbIMK MeToAaMu. B pesynbTate HallaeHbl NSTb Hesa-
BMCUMbIX pewweHuii. Bonpoc 06 ycTpaHeHUn KanubpoBouHbIX
cTeneHeil cBobogbl ByAeT paccMOTpeH B oTAenbHoi pabore.

KnioueBble cnosa:

6esmaccosoe none LUTiokenbbepra, LMAUHAPUYECKaS CUM-
MeTpusl, MeTOf NPOEKTUBHBIX ONEPaToOpPoB, TOYHbIE pelleHus

BeepeHue

B HacToqweit pabote 6yneM HaxomuTb BCE HE3aBUCU-
Mble TOUYHble peweHus obobuieHHoro 11-MepHOro ypaBHeHUs
HaddunHa-Kemmepa ons 6e3maccosoro nong Litiokenbbepra
[1-8]. CnucTeMa TeH30pHbIX ypaBHEHWM AN 3TOM YacTULbl UMe-

Massless Stueckelberg particle,
solutions with cylindric symmetry

0.A. Semenyuk', V.A. Pletyukhov', AV. Bury?,
AV. lvashkevich?, V.M. Red’kov?

'Brest State University named after A.S. Pushkin,
Brest, Belarus

’B.I. Stepanov Institute of Physics

of the National Academy of Sciences of Belarus,
Minsk, Belarus

olya.vasiluyk.97@yandex.hy
vladimir.pletyukhov@yandex.by
anton.buryy.97@mail.ru
ivashkevich.alina@yandex.by
v.redkov@ifanbel.bas-net.by

Abstract

The massless Stueckelberg field is studied in cylindrical co-
ordinates. The field function consists of the scalar, 4-vec-
tor, and antisymmetric tensor. Physically observable compo-
nents are the scalar and 4-vector. We apply the Stueckelberg
tetrad-based matrix equation, generalized to arbitrary Rie-
mannian space, including any curvilinear coordinates in the
Minkowski space. We construct solutions with cylindric sym-
metry, while the operators of energy, of the third projection
of the total angular momentum, and the third projection of
the linear momentum are diagonalized. After separating the
variables we derive the system of 11 first-order differential
equations in polar coordinate. It is solved with the use of the
Fedorov-Gronskiy method. According to this method, all 11
functions are expressed through 3 main funcions. Accord-
ing to the known procedure we impose the differential con-
straints, which are consistent with the all 11 equations and
allow us to transform these equations to algebraic form. This
algebraic system is solved by standard methods. As a result,
we obtain 5 linearly independent solutions. The problem of
eliminating the gauge solutions will be studied in a separate
paper.

Keywords:

massless Stueckelberg field, cylindrical symmetry, the
method of projective operators, exact solutions

€T B [1eKapTOBbIX KOOpAMHATAX Cledytolmii BUA;

8Q\I/a =0, aa\:[/ + 8b\Ijab = qja:

0,Vp — O ¥, = 0. (1
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B kauectBe BonHoBoM dyHKUMM ByaeM ucnonb3osatb 11-
MepHbIX cTonbew,

¢ = (‘I’; Vo, Wy, Uy, U3; Woy, Yoo, Yos,
\1]237 \11317\1’12) - (H7 H17H2)' (2)

CucteMa ypaBHeHui (1) MoxeT 6biTb NpeacTaBneHa B 610uHOM
MaTpuuHoii thopMe:

D,G*H, =0, A°D,H+ K*D,Hy — H, =0,
D,L*H; =0 A3)
unu B 11-MepHoM Buge
(Dol — P)® =0, (4)
roe
® = (H7 H17H2)t7
0 G* 0 0o 0 0
r=|(A* 0 K*|,P=10 I 0],
0 L* 0 0o 0 0

Gy = (1000), G = (0 — 100),
Gy = (00 — 10), G5 = (000 — 1),

A =(1,0,0,0)", A' =(0,1,0,0)",
A?=(0,0,1,0)", A% =(0,0,0,1)",
0 0 0 000
o [-1 0 0 00 0
K=10 -1 0 00 o0}
0 0 —-100 0
1000 0 0
. o o000 0 o0
K(000001’
0 000 —1 0
0 =100 0 0
> [0 0 000 -1
K(oooooo’
00 010 0
00 -1 0 0 0
s (000 0 o0 10
E=1o0 0 -1 0 0|
00 0 0 00
0100
00 1 0
o o001
L"=10 0 0 ol
000 0
000 0
100 0
0 00 0
. 1o oo o
L'=109 00 o]
0 00 —1
0 01 0

0 0 00
-1 0 0 0
> o 0o 0o
=10 0o o 1]
0 0 00
0 -1 00
0 0 0 0
0 0 0 0
s -1 0 0 o
=109 0 -1 0
01 0 0
0 0 0 0

3nech 1 panee ¢ 0603HavaeT TPAHCMNOHUPOBaAHWeE.
VpaBHeHue (4) o6obliaeTca ¢ MCNonb3oBaHWeM TeTpagHo-
ro )opManMUaMa Ha cnydyait pUMaHoBOI reoMeTpumu NpPoCTpPaH-
CTBa-BpeMeHM (B TOM UMCIle M Ha UCMONb30BaHMe NHBbIX KpU-
BONIMHEMHBIX KOOPAMHAT B NPOCTpaHCcTBe MUHKOBCKOIO) B CO-
OTBETCTBUM CO CTaHAAPTHOM MeToamKoi [6]. [Lng 3Toro npv 3a-
LLaHHO/ METPHUKE ¢, 5(x) HYXKHO BbIBPATb HEKOTOPYIO TETPaAY:

d52 = gaﬁ(x)dxadxﬂa ga[ﬁ(x) — e(a)a(x)a (5)
TOrfa ypaBHeHue (4) BOMKHO 3anMCbiBaTHCA B MPOCTPAHCTBE
(5) Tak:

o 0
() | =— 4+ Xa(x) | = P| ¥(x) =0. ()
orxe
NokanbHble Matpuupl I'*(x) onpepenswTcs ¢ UCMoNb3oBa-
HWeM TeTpaabl
I'*(z) = e{y) ()1 =
0 —G“e?a) 0
= A“e‘(’a) 0 K“ef‘a) . (7)
0 L“e‘()‘a) 0

CesA3HOCTb 3, () 3a[,eTCA COOTHOLIEHUAMMU

0 0 0
J=10 J® o0 |,
0 0 Jg

1 a
V(@) = 5" e (@)ewsalw) =

0 0 0
=0 ). 0 |, (8)
0 0 (Z)a

roe )
1(2) = S I et (@)empial@),

1 a
Yo(z) = §J(2b) ei)(»”v)e(b)ﬂ;a(fv),

a Ji) u J{5} 0603HaualoT reHepaTopbi COOTBETCTBEHHO ANS

Bektopa W, (x) u aHTMCMMMeTpuuHoro TeHsopa W, (z).
VpaBHeHue (6) 3anucbiBaeTCca Kopoue C UCMOMb30BaHUEM KO-
3thduLMeHTOB BpaLeHus Puyuu:

c «@ a 1 ab
|:P (e(c)axa + 5:] r}/abc> — P:| \IJ(J:) = 0,
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’Y[ab]c - _"Y[ba]c - e(b)/ﬂae?a)e‘(jc). (9)

1. U,MHVIHJJ,pM‘-IECKMe KOOpPAUWHAThI, paspeneHue
nepeMeHHbIX

Bynem paccmarpuBatb ypaBHeHue (9) B LMAMHLPUUECKNX
KooppmHaTax (r, ¢, z). B pabote [9] nocne paspenenus nepe-
MEHHbIX Bbinia NonyyeHa cUCTEMA YPaBHEHUA MO NepPeMEHHOM
7 ANA MacCMBHON YacTuubl LUTiokenbBepra B MarHUTHOM none
(aHanorvuHbIi aHanus B KYNOHOBCKOM nosie 6bin caenaHx B pa-
6ote [10]). B cTatbe [9] ncnonbsosanach cregytouwas noacra-
HOBKA [/19 BOJIHOBOM (hYHKLMM B LLMKNUUECKoM Basuce (B Ko-
TOpoM rexeparopbl J12, J1? guaroHanbHbi):

U = e_ietei"Ld’eikz(H, Hl,Hg)t, H = h(r),
H, = (hO(r);hl(r)7h2(r)7h3(r))t7
Hy = (E;(r), Bi(r))".

W3 aToit cMCTeMbl ypaBHEHUIA, yunUTbIBas OTCYTCTBME MarHuT-
HOro MONS U OrpaHUYeHus;, CBA3aHHble ¢ 6e3MacCcoOBOCTbIO Ya-
CTULLbI, NonydyaeM cnepytowme 11 ypaBHeHmit:

1 2m — 2
—iehy — ikhg + —h! — =~ Zh,—
0 PTATY oo !
1., 2m+2
b, - TS =0 10
V2 avar (10)
1 o2m — 2
—ieh —ikFy + —F/ — ———F,—
PTRTY oy
1 2m + 2
—— B, - T2 Ey = hy,
V2 oy P
1 1
—— W — = h 4 —Bj+
V2o Ve V2t
om
fTB2_ZkB3+Z€E1_h1’
1 2m + 2
ikh4icEy — —B, - 2" 1°p
V2 2o
1 om — 2
— B4+ 2" 2By = hy,
V2 R gy P
1 m 1
— - hy—B—
\f V2r V2
By + ikBy + ieF3 = hs; (m
\fr 2 1 3 3
Lo Py —iehy =0,
V2 2v/2r
—ikho — i€h2 = 0,
1 2m
——=hy + ——=ho —ichz = 0,
NGRS 3
1 om
\/» 2+ \/>]’L2+7,k’h3,—0
o
1 2m — 2 2m + 2
Sy VA h’ Tt hy =0,
N N NG R R WO

iy — —py — 2,
V2 2/2r
nepemeHHble Ey 5 5, By 2 3 OTHOCSTCS K WIECTU KOMMOHEHTaM
aHTUCUMMETPUYHOTO TeH30pa; /1, h 1 2,3 OTHOCSTCS K CKans-
py u ll-BEKTOpy. PaBMepHOCTM 3TUX KOMMNOHEHT NOAYNHAKTCA
npasuny

0; (12)

1

[ho]v [h1]7 [h2]7 [hS] = z

BeeneMm cokpallatowme 0603HaueHUs

- Lfd my L [fd m
"2 \dr )" o \dr 1)’

1 d m+1
am+1_2<dr+ ., >>
b 1 (d_ml
m+1 — 5 dr r ’
1 d+m—1
Um—1 = —F= | 7 )
YR \dr r
1 d m—1
bm—zi -V — y 14
! ﬂ(dr r ) (14)

TOrga cucTeMa ypaBHeHiA NPUMET BUA
—iehg — ikho + byy_1h1 — aypy1hs = 0; (15)
—ieh — ikEs + b1 E1 — ami1Es = ho,
—amh + a1 Bs — ikBs + ieE] = hq,

tkh + ieEy — a1 B1 — byy—1 B3 = ha,

b h+b BQ+Z]€B1 +Z€E3 h,j, (16)
amho — iEhl = 07 *Zkh() — iehz =0
—bmho - iﬁhg == 0, —bmhg + Zkhg - O,

bym—1h1 + a’rrL+1h3 =0, —ikhy — aphy = 0. (17)

Hanbwe 6ynem ncnonb3oBatb MeTon, PepopoBa-IpoHcKo-
ro [11]. lns 3Toro BBEAEM OMepaTop TPETbeU NPOEKLUM CNUHA
Y = —iJ'2 (oM oTHOCHTCA K UMKNMuecKoMy 6asucy). Y6ex-
paemcs, uto 3ta 11-mepHaa MaTpuua yLoBNeTBOPSET MUHMU-
ManbHoMy ypaBHeHmnio Y (Y —1)(Y +1) = 0. OHo nossonset
BBECTM TPU MPOEKTUBHbIX OrepaTopa ¢ Heo6X0LMMbIMK CBOWA-
CTBaMy

1

1
P = 5Y(Y —1), P, = 5Y(Y +1), Ps=1-Y%

P?=P, P2=Py, P2 =P; P+ P+ P;=1. (18)

Co0TBETCTBEHHO, MONHY0 BOMHOBYH (DYHKLMIO MOXHO pasno-
XWTb B CyMMy Tpex yacTeit

\IIZ\I/1+\I/2+\IJ3, \I/U:PU\IJ,O':].,Q,g.
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MonyyaeM SBHbIA BUL NPOEKTUBHbIX ONEPaTopoB
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3aTeM Haxo[MM CTPYKTYPY NPOEKTUBHBIX COCTABNSAIOWMX NoN-
HOW BONMHOBOW (BYHKUMM (yuuTbiBaeM, UTO B COOTBETCTBUM
c MetogoM ®epopoBa-IpoOHCKOro Kax[gasa COCTaBMAwLas
AO0MKHa 0NpeaenaTbca ToNbKO OLHOM (hyHKLMEN OT NepeMeH-
HOW 7);

\111(7") = (07 07h1>0707E1707070707B3)tf1(r)7
\IJQ(T) = (07 0?0707h370307E37BI;070>tf2(r)a
@3(T) = (h’7 h0707h27070a E2>0707B270)tf3(r)~ (19)

[leNcTBYA MPOEKTUBHBIMK OMEpaTopaMmu Ha CUCTEMY ypaBHe-
Hui (15)-(17), nonyuaem Tpu nogcucTeMbl

Pr: = amh+ anBy — ikBs +imE; = hy,
amho — tmhy =0, —ikh; — a,he = 0;

P2 : bmh + me2 + ZkBl + sz3 = hg,
— bmho — thg = 0, —bmhg + Zk‘h?, = 0;

P3 : — tho — Zk‘hg + bm,1h1 - CLm+1h3 = 0,
—imh — ZkEQ + bm—lEl — am+1E3 = ho,
ikh + szg — am+1Bl — bm,133 = hg,
— Zkho — thg = 0, bm_1h1 + CLm+1h3 = 0.
HaknagbiBaem ycnoeus ®epoposa-IpoHcKoro (3t ycrosus

no3sonstoT npeobpasoBatb AuddepeHUuanbHblie YypaBHEHNS
B anre6panueckue):

Py
=@ f3(r)h + ap, f3(r) By — ik f1(r) Bs+

+me1 (r)El = fl(’r)hl = amf?) = leh
am f3(r)ho —imfi(r)hy =0 = ap f3 = C1f1,
—ikfl(T)hl — amfg(r>h2 =0= amf3 = C1f1;

P,
bmf?)(r)h + bmfg(T’)Bg + Zka(T)Bl+

+im fo(r)Es = fo(r)hs = by fs = Ca fa,
b f3(r)ho — imfa(r)hs = 0 = by, f3 = Ca f2,
—bmfg(’l“)hg + ’Lk’fg(’l")h?, =0= bme = Cgfg;

Py
—imf3(T)h0 — ’Lk?fg(r)hg —+ bm—lfl (T)hl—

b1 fi(r)hs = 0= by, 1 fi = Csfs,
—imf3(r)h — ik f3(r)Ez + bp—1 f1(r) E1—
—my1f2(r)Es = f3(r)ho =
= bm-1f1 = C3f3, amy1fo = Cufs,
ikfs(r)h +imf3(r)Ey — apmq fo(r)Bi—
~bp—1f1(r)Bs = f3(r)ha =
= bm-1f1 = C3f3, amy1fo = Cufs,
—ik f3(r)ho — imf3(r)hy = 0,
bm—1f1(r)h1 + amir fo(r)hs = 0 =
= bm-1f1 = C3f3, amy1fo = Cufs.

C yuyeToM HanoXKeHHbIX CBsI3ei MonyuyaeM anrebpaunyeckyro
CUCTEMY YpaBHEHMUIA

—Cyh+ Cy By — ikBs + imEy = hy,
Ciho — imhy =0, —ikhy — Cyhy = 0,
Coh + Cy By + 1k By + imEs = hs,
—Cohg —imhs =0, —Cshs +ikhs =0,
—imhg — ikhy + C3hy — Cshg = 0,
—imh — ikEy + C3Ey — CyE3 = 0,
ikh + imEy — CyBy — C3B3 = hs,
—ikhg — imhy =0, Cshy + Cyhs = 0. (20)
CoBepem BMecTe AuddepeHLManbHbIE YCIOBMUS CBA3M
bm—1f1(r) = C3f3(r), amfs(r) =Cifi(r),
ami1fo(r) = Cafs(r), b fs(r) = Cafa(r). (20)

W3 (21) cnegytot ypaBHeHWs BTOPOro NOPsSiAKa ANS OTAENbHbIX
(hYHKLMA

bm—lamf?) = CICSf?n
am-‘rlb'mf3 = 0204f37

mbm—1f1 = C1C3f1,
bmam-i-l.fQ == 0204f2~ (22)
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MapaMeTpbl B KaX[,0/ Nape MoryT 6biTb BbIGPaHbl 04MHAKOBbI-
mu: C'3 = Cy, Cy = Cs. lpn 3TOM yCNoBMS CBA3W W ypaB-
HEHWS TPUHMMAIOT BUL

bm-1f1(r) = Cifs, amfs=Cifi,
am+1f2(r) = Cafs,  bumfz = Caofy;
[brn—1am — Cf]fi’» =0, [ambn—1 — Clz]fl =0,
[@mi1bm — C3lfs = 0, [bpamsr — C3lf = 0. (23)

C yuetoM aBHoro BuAa (14) onepatopos nepeoro nopsiaKa no-
NyYEHHbIE YETbIpe YpaBHEHUS 3aMUChIBAKITCS TaK:

{j;+ii—"f—20%]f3=0,
e - 22 a0

OueBUAHO, [OMKHO BbINONHATLCS ycnosue 2C5 = 207 =
C?, 1. e. MeeM TpK ypaBHEHHS:

& 1d 2
( +m02)f3=0,

dr?  rdr r?

? 1d (m-—1)> )
(dr2 rdr_rQ_C>f1_0’
? 1d (m+1)?
<d7“2 ;dT B 72 B 02> f2 =0 (24)

HanoMHuM, uTo B Teopuu 06bluHOW Ge3MaccoBOM BEKTOPHOIA
YaCTMLLbl TaK)Xe BO3HUKAET ypaBHeHWe BuAa (24):

2 2
<d _~_1d+m2_k2_m)f:07

dr?  rdr 72
0 —im % —ik -
—im —1 0 0
c
~3 0 —1 0
ik 0 0 —1
c
G o0 0 o
Ajixn = 0 vz im0
0o  Sik 0 —im
c
0 ~3 0 OC
0 0 g ~
0 0 ﬁ OC
0 0 —ik -

o&‘o%éoo N

z=vVm?2 — k%,  f(2) = Jem(2). (25)
CnepoBaTtenbHo, B ypaBHeHUaX (24) Hapo nonaratb
—C?*=m? -k = C =ivm? — k2 (26)

B HoBo#1 nepeMenHoit z = —iC'r = v/m? — k2r ypaBHeHus
(24) npuHumMaloT GecceneBcKuit BUA!

d? 1d m?

) 5 1—— = = m ’

<d22+zdz+ ZQ)fa 0, f3 = Jim(2)
d? (m —1)2

<d22+ 1zz>f1=0’
& 1d (m+1)2
(dz2+zdz+1_z2>f2_0’

fl == Ji(mfl) (Z)7

1d
zdz

fg = Ji(erl)(Z). (27)

2. AHanu3 anrebpanyeckoi cucteMbl

Hanomuum paBeHctBa C, = Cy = O3 = Cy = C/\/§
n 06patuMcsa K anre6panueckom cucTeMe ypaBHEHUI

—imhg — ikhy + C/v/2hy — C/\/2hs = 0,
—imh — ikEy + C/V2E, — C/V2E3 = hy,
—C/N2h + C/\2B, — ikBs +imE; = hy,

ikh +imEy — C/vV2B, — C/V2Bs = hy,

C/V2h + C/V2By + ikB; + imE; = hs,
C/v/2hy — imhy = 0,

—C/\2hy —imhs = 0,

—Zkho - thg = 0,
~C/N2hy + imhs = 0,
C/V2hy+C/2hs = 0, —ikhy —C/\/2hy = 0. (28)

Ee MoxHo 3anucatb B MaTpuuHoi thopme A11x11 ¥ =0

0 0 0 0 0 0
C . C
im 0 0 0 % —ik
- C 2 C
0 0 im ik % 0
0 0 0 0 0 o |,
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

U = (h7h17 h27 h37E17E27E35 Bla BQ& BS)t'

V6expaeMcs, uto onpegenuTenb 3ToM MaTpuLbl obpalya-
eTCs TOKOEeCTBEHHO B Hynb npu nto6om Boibope napametpa C.
PaHr MaTpuubl paBeH BOCbMW. YaneHue CTPOK C HOMepamu
9-11 npuBogMT K MaTpuue Agy 11 HOBOMO pasMepa C TeM xe

paHroM. Mpu C' = iv/m? — k2 paHr MaTpuubl Ag, 11 paBeH
wectu. PaHr He namenuTcs, ecnu ybpatb cTpoku 1 n 8. B pe-
3ynbTaTe NPUXOAUM K WECTU He3aBUCUMbBIM ypaBHEHUSM
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. C
—im -1 0 0 0 V3
—% 0 -1 0 0 im
ik 0 0 -1 0 0
C
N 0 0 0 -1 0
0 % —im 0 0 0
0 —k 0 —im 0 O

—ik f% 0 0 0
0 0 0 % —ik
im 0o - % 0o - % «
0 im ik % 0
0 0 0 0 0
0 0 0 0 0

X(hv hOv hlu h27 h’3a El’E27E37B17 B27 B3)t =0.

lepeHocuM BnpaBo CTONBLbI, OTBEYAKWME NEPEMEHHbIM
h, E3, By, By, B3, 1 NpUX0AuUM K HEOQHOPOAHOM cucTeMe
YPaBHEHWI ¢ NaTbio CBOGOAHBIMK NapaMeTpamMm

. h
c 0
-1 0 0 0 73 —ik h
0 —1 0 0 m 0 1
0 0 -1 0 0 im ho | _
0 0 0 -1 0 0 h3 -
C
5 Tim 0 0 0 0 E;
—ik —im 0 0 0 E2
t
0) h—
)
\/7 f

&\O

C t
—(0,—ik,———,0,0,0 | Bs.
< V2 ) ’

B pe3ynbTaTe HaXo4uM NATb NIMHEAHO HEe3aBUCUMbIX DEI.IJEHMD‘IZ

—im
ho iv/m2—k2
hq vz
ha | ik N
h3 o in/m?2—k2 ’
E; \65
FEs 0
_ iv/2m?
ho Vi
hl —im
hg iv/2km
= \/m E37
hs m
B 0
Es V3k
k2

—iv/2km
h mi—i2
hl —1k

iv/2k>
h2 = v/ m?2—k2 Bl
hs ik ’
E, _k
E, k2 1m?

\/Em\/m27k2

—im
hO in/m2—k2
hy vz
h ik
2 = s 2 12 BQ
hS i n\q,/ﬁfk ’
El \/5\/777,2—162
E2 m

(h07 h1> h/2a h37E17E2)t =

k vm?2 — k2
(O 0,0,0, —, ) Bs.
m \[m
MpencrasngeM HailfeHHble pelwenna B T1-MepHoit dopme:

. ivm2 — k% ivm? —k?
U, =(1,—im,— , ik,
V2 V2

t
0,0,0,0) ;

<0 B iv/2m?2 ) iv2km

70707

—im, ———,im, —1,

vm2 — k2’ "Vm2 — k2
\/ik 1,0,0,0 t'
\/ﬁ) s Uy Uy )

0 ivV2km . iv2k? K

VMR U Vm e T m

\/ 2 k2 k ¢
_V2/m? -k 00,1,0>

kE /m2 — k2 t
U, = (0,0,0,0,0,,m,0,0,0, 1) .
m ﬂm
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Mpy nogcTaHoBKe MX B UCXOAHYHO cucTeMy (28) Bce naThb pe-
WeHui fakoT Hynu. Cneayet yuuTbiBaTb, UTO 3TH peLleHns Hal-
[AEHbl C TOUHOCTbIO A0 NPOU3BOSbHBIX MHOXHUTENEN.

3akniouyeHue

VpaBHeHue ana GeamaccoBoit uactuubl LTiokenb6epra
PeleHo B LMNMHAPUYECKUX KoopamuHaTax. MoneBas thyHKLMS
COCTOWT M3 CKanspa, 4-BeKTopa ¥ aHTUCUMMETPUYHOTO TEH30-
pa. ®usnueckn HabnogaeMbIM1 BENIMUMHAMM SBASIIOTCA CKa-
nap (nepemenHas h) u 4-extop (nepeMeHHble hg, hi, ho,
hs); Manueckn HeHabniofgaeMble nepeMeHHble — KOMMOHEH-
Tbl aHTUCMMMETPUUHOTO TeH3opa (nepeMeHHble F;, B;). Hait-
AeHbl NATb NIMHENHO HEe3aBUCUMbIX pelueHWi. Mpu aToM cBo-
6o HbIMW NapaMeTpamu senstTca h, Es, By, Bs, Bs.
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