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AnHoTamus

Nzorponasrit Tenzop Cxoyrena—Beiist panee nsydacst B ¢ydae TPeXMEPHBIX I'pymil JIu ¢ jieBouH-
BapUAHTHOI JIOPEHIIEBOI MeTpuKoil. B ciyuae JOKaIbHO OTHOPOIHBIX MICEBIOPUMAHOBBIX ITPOCTPAHCTB
C HETPUBHUAJBHON IOATPYIIION M30TPONWH ObLIN KJIACCH(DUIIMPOBAHLI MHOI00Opa3Usi C M30TPOITHBIM
TernzopoM Beiist. B manmoit pabore mosydena KiraccuduKang I€ThIPEXMEPHBIX JJOKAJIBHO OJHOPOIHBIX
[ICEBIIOPUMAHOBBIX MHOr000paswmii ¢ n30TporHbiM TeH30poM Cxoyrena—Beiisi. Kpome Toro, mosyuenst
HEKOTOPpbIE€ PE3YJIbTaTbl O TEH30PaX KPUBU3HbI HO,HO6HI)IX MHOI‘OO6pa31/IIU/I.

Kmouesvie caosa:  JIOKAJILHO OJHOPOJHBIE IIPOCTPAHCTBA, U30TPONHBIN Tenzop Cxoy-
Tena—Beitng, anredpsr Jlu.

1. BBenenue

(IIceBmo) pumanOBBI MHOTOOOPaA3Us ¢ HyJIEBBIM TeH30poM CxoyTeHa—Beiisst u3yuanucs B pa-
60Tax MHOTUX MAaTEeMATUKOB. B "YacTHOCTH, B KJIACC JIAHHBIX MHOTOOOpa3wil BXOJIAT MHOTOO0-
pasus Difamreiia (r = Ag) U UX TpPSMbIe MPOU3BEICHNU, JIOKAJIBHO CHMMETPUIECKHE TIPO-
crpancrBa (VR = 0), Puaun napasneiibabie Muoroobpasus (Vr = 0) u KoHDOPMHO TLI0CKHEe
muoroobpasus (W = 0) (em. [1]). Takzke ormerum, 9ro B ciydae MHOrOOOpas3uil MOCTOSHHOM
CKaJIIPHON KPUBU3HBI KJIACC MHOTOOOPa3uil ¢ HyjieBbiM TeH30poM Cxoyrena—Beiins cobmiaiaer-
st ¢ KJtaccoM B affHITeiiHoBO m0/100HBIX MHOTOOGpasuii B cmbiciae A. I'pes [2].

Jl1s1 TOKaAJIbHO OJTHOPOJHBIX MIPOCTPAHCTB C HYJIEBBIM TeH30poM CxoyTeHa—Beiiiss n3BecTHBI
HEKOTOPbIe KJIacCHMUKAIINOHHBIE PE3YJIbTATHI B CJIyvdae MaJblX pasMepHocTeil. Hampuwmep, k.
KanpBapy3zo n A. 3aeMm KjraccuduimpoBau JeBOMHBAPUAHTHBIE TICEBIOPUMAHOBBI METPUKU
Ditainreitaa, KoHMOPMHO II0cKue n Puayan mapasuie/ibHble METPUKHU HA 9€THIPEXMEPHBIX TPYII-
nax Jlu [3-5]. Bostee Toro, A. 3aem n A. Xapru-Banamn kinaccudunmposain deTbipexMepHbie
STHIIITEHOBO TOM00HBIE TICEBIOPUMAHOBBI JIOKATBHO OJTHOPO/HBIE TPOCTPAHCTBA C HETPUBUAJIb-
HOIi moarpymnoit uzorpornuu [6]. Knaccudukarms dersipexmepubix rpynn Jlu ¢ jieBouHBapu-
AHTHOU ITICEBJOPUMAHOBON METPHUKON U HysIeBbIM TerzopoMm (Cxoyrena-Beitas Oblia noJrydena
B pabore [7]. B ciayuae pumanosoii merpuku /I.C. Boponos, O.I1. Xpomora, E.JI. Poguonos u
B.B. CiaBckuit mostyuniin KjraccuuKaIuo 9eThbIPeXMEPHBIX MeTpudeckKux rpyii JIlu ¢ mye-
BbIM TeH30poMm Cxoyrena—Beits [8-10].

(IlceBno)pumanoBbl  MHOrOOOpasus ¢ U30TPOHHbIM TeH3opoM Cxoyrena—Beiiis ecre-
CTBEHHBIM O00pPA30M BOBHUKAIOT TIPH HM3YYEHUH JIOKAJILHO KOH(MOPMHO OJHOPOJIHBIX (IICEB-
JI0)pUMaHOBBIX TpocTpancTs [11|. Panee nanuble MHOrOOOpasus B CIydae TPEXMEPHBIX IPYIII
Jli ¢ JeBOMHBAPMAHTHOI JIOPEHIIEBOH METPUKON m3ydasnch B paborax [12,13]. B mHux 6bura
[OJTyI€eHa MoJTHas Kiraccudukarus Mmerpudeckux rpyii JIu, rerzop Cxoyrena—Beitis kKoTopbix
siBJisieTcst m30TponHbIM. Kpome Toro, B paborax [14,15] 6bu1a noryuena KiaaccupuKaIys I€Thi-
pPEXMEPHBIX JIOKAJIBHO OHOPOJHBIX MHOI00Opa3wil ¢ HETPUBUAILHOM MOJATPYIIOH U30TPOINN
U U30TPONHBIM TeH3opoM Beitng. lannas paborta mpoJioKaeT UCCIIEI0BAHIA MHOT000pa3uit

IPaGora BbImoIHEHS K moIep:kKe PODU (rpaaT: Ne 18-31-00033 Mo a).
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¢ u30TponHbIM TeH3opoMm Cxoyrena—Beiliss B ciydae 4eThIpEXMEPHBIX JOKAJIBHO OJHOPOIHBIX
(IICeB/10) pUMAHOBBIX MHOIOOOPA3Hil ¢ HETPUBUAJIBHON MOJAIPYIIIOH W30TPOIIHH.
[Henbio manHOil pabOTHI ABJIAETCS JOKA3aTEILCTBO CJIE IyIOIIeit

Teopema 1. [Iycmo (M = G/H,g) — aokaavho 00Hopodnoe nce6lopuMaHo8o mHo2000pasue
PABMEPHOCINU 4 € HeMmPUBUaAvrol nodepynnot usomponuu. Toeda (M = G/H,g) umeem uso-
mponnoiti mendop Croymena—Betias mozda u moavko moeda, kozda anzebpa Jlu epynnw G
codeporcumes 6 mabauue 1.

2. OcHoBHBIE 0003HaYeHUS N PAKTHI

[Iycts (M = G/H,g) — JOKaIbHO OJHOPOHOE (TICEBI0)PUMAHOBO MHOT00OOpa3ne pasmep-
woctu m. Iycrs g — anrebpa JIu rpynust G, h — noganredbpa uzorporun (anredpa JIu rpytist
H), m = g/bh — daxrop-nmpocTpaHCTBO, SBIISIONMECS JTOMOTHEHNEM K ) B g.

[Tapa (g,h) onpemensier upejcraBienne wuzorpormu  : h — gl(m) upasuiom
Yx (V) =[X,Y],. Kaxnas unsapmantHas (IICeBO)PUMAHOBA MeTPUKA Ha OIHOPOIHOM
npocrpancree G/H cOOTBETCTBYeT HEBBIPOXKJIEHHON CUMMeTpPUYHON OuimHeitHoit dhopme ¢
Ha M, KOTOpas OIIPeJe/IseTcs PABEHCTBOM

(x) - g+g-1bx =0, VX €, (1)

t .
rie (¢x) — TpancnonupoBanHas Marpunia. lannas Guinneiinast popMa onpejesisier CBI3HOCTh
Jleeu—Husura V: g — gl (m) paBencrBom

Vi (Vo) = 5 [X, V], + 0 (X,Y),

rje v: g X g — m oupejiesisieTcs: Yepe3 paBeHCTBO
29 (0 (X,Y) Zn) = ¢ (X [2.Y]) + 9 (Ve [ 2. X],,)
Tenszop kpususabl R: m X m — gl (m) onpejesisiercsi BbIpasKeHUEM
R(X,Y) = [Vy,Vx] + Vixy.

Tenzop Puuum r omnpejesnsgercsd Kak CBEPTKa TEH30pa KPUBU3HBI 110 BTOPOMY U UE€TBEPTOMY
WHJIEKCY, CKaJgpHas KpuUBHU3HA Scal ompesessercs Kak MOJHAs CBePTKa TeH3opa Puadm r c
MeTPUYECKUM TEH30POM (.

Tenzop Cxoyrena—Beiiis onpeesisiercss paBeHCTBOM

SW(X,Y,Z) =

Y — 2(Vz7“ (X,Y) - Vy?“ (X, Z)—

_ ﬁ (9(X,Y)VzScal — g (X, Z) VyScal)),

WnJjin, B CUJIIy IIOCTOAHCTBaA CK&J’IHpHOfI KPUBU3HDbI:

SW(X,Y,Z) =

p— (Vzr (X,)Y)—=Vyr(X,2)).

Ecmu pasmeprocTs MHOTOOOpasus m > 4, o reasop Cxoyrena—Beilis ¢cBsi3aH ¢ quBepreH-
nueii Tensopa Beiisist coienyomum paBeHcTsoM [1]:

SW = —(n — 3)divW.
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Tabauma 1
YeTbIipexMepHbIe JTOKAIbHO OJHOPO/IHBIE IICEBIOPUMAHOBBI MHOIOOOPa3Ms ¢ HETPUBUAILHOM
MO/IMPYIIION W30TPOINN U M30TPOIHBIM TeH30poM Cxoyrera—Beiist

CraJisipHOe TPOU3BE/ICHIE
Ne Ckobku JIu Ha JIOTIOJIHEHUHT Orpannvenus
K I0oJaJirebpe M30Tponun
0 0 Q13
2 2
_ — — ajztiay, 0
1111 [61711‘1] = Uy, [61,11,3] = —us, [UlaUB] = Uz, 0 o Q24 a 0. a 0
[u2, us] = uz, [uz, us] = uz aq3 04 0 0 1370, a7
0 o4 0 au
0 0 13 0
0 0 0 «
L1V3] [er,w1] = ua, [er, us] = —ug, [u1,us] = e1 + us 24 a13 # 0, agg #0
13 0 0 0
0 o 0 ous
Q33 0 0 0
2 2
1-12.1 [617 ul] = Uus, [617 US} = —Ui, [u17u3] = —Us2, O azz;:f33 0 Qo4 Oé%4 # Oé§3, Q33 # O7
(w1, us] = w1, [ug, us] = 2ug, [us,us] = us 0 0 ass 0 044 #0
0 Q24 0 oauw
1.12.3 [el,ul] = us, [61,U3] = —uq, [ul,U3] = e1 + U 33 0 0 0 33 7é O, Qo4 ?é 0
0 0 0 ag
0 0 « 0
1.1%2.4|[e1, u1] = ug, [e1,us] = —uq, [u1,us) = —e1 + uo 33 a3z #0, az #0
0 Q24 0 Q44
O 0 —Q23
[elaul]:el7 [617’”3]:“17 [617U4]:u27 2 2
L3V [ur,ug) = —3us, [u, us) = us, [ur,us] = Lua, 8 0 a0 O34 a§4 70
[z, 3] = Lus 0453 sz Q34 Q33044 7 O3y, Q23 7 0
—Qua3 Q34 Qqq
[61 UQ] = U1 [61 Ug] = U2 [61 U4] = €1
) 9 ) ) ) ) a 0 a 0
1441 [u1, uz] = w1, [ur,us] = ug, [u1,us] = uy, 83 ?;44’ 7&2(2) 70,
[ %umug] [: us, J[US, u4} [= —U3j 0 0 — gy 0
€1, U2] = U1, |€1,U3] = U2, |€1,U4] = €1, 5
1.4'.2 [U17U4] = puq, [U27U4] = (p - 1)U27 0 22 0 0 w70 ]87& 0 7?) ¥
3, ua] = (p — 2)us om0 am owf| on70ouzF
1413 le1, uo] =y, [er, us] = ua, [e1,us] = ey, 0 0 az  au Q33 7# Q4y, azz # 0,
T [ul,ml: 2u1, [UQ,U3]=€1, [Ug,ud:Ug 0444#0
14l 4 ler, ua] = w1, [er, us] = ua, [e1, us] = €1, a3 # —aug, aga # 0,
o [u1, ug] = 2uy, [ug, us] = —eq, [ug, us] = uy ayy #0
1415 e1, uz] = ug, |e1,ug] = Uz, (U1, Us] = U1, azz #0, azg #0,
o : ][ulaUB][:u%] [Uz»usl{:%] 044 #0
1416 €1, U2| = U1, [€1,U3] = U2, [UL,U4| = U1, a 0, 0
[ [uf,w;] Z[u27 [U]37u4] :[ ui + ?3 2 7 u7
1 €1,U2| = U1, |€1,U3] = U2, |U1,Uq4] = U7,
1.4+.7 [, ] = up, [us, ua] — —us + us o9 #0, oa #0
le1, ug] i uy, e1,us] = :U47 ler, ug] = :261, 0 0 am 0
le2, ug] = —2eq, [e2,u3] = —ug, ez, us] = u1, 0 0 0 ao
2.51.1 [ul,ug] = 262 — Uy, [ul,u;»,] = ug + Uy, o 0 o 0 Q33 75 O7 24 75 0
[u1,u4] = 2e1 — uy, [ug, us] = —2us, 2 53
0 Q24 0 0
[Ug, Uug] = up — ug, [ug, us] = 2us
le1, ug] = —e1 4+ u1, [e1,us] = —uz, [e1,us] = e2, 0 0 —axp O
9521 lea, ug] = —ea, [e2,u3] = w4, [e2,us] = —€1 — u, 0 22 0 0 azz # 0, ag #0,
[u1,uz] = e1 — uy, [ur,us] = ug, [u1,us] = —ez, —az 0 azz  az gy #0
[ug, ug] = —2usg, [ug, us] = —us 0 0 Q34 Ouyq

Ksaapar jymnbl Tensopa Cxoyrena—Beitns ||SW ||? onpesensiercs Kax mojinas cBepTKa TeH-
3opa CxoyreHa—Beilyis ¢ METPHIECKUM TEH30POM 10 KaxKIOMY HHJIEKCY.
Tenzop Cxoyrena—Beitim SW Oymem Ha3bIBaTh U30MPONHBIM, €CIIN KBAJAPAT €ro IJIUHBI
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pasen nymo (||SW||? = 0), a cam rensop ne pasen mymo (SW # 0).

JaJiee npuseeM MaTeMaTHIECKYIO MOJIE/Ib, O3BOJISIONLY 0 BEIUYUC/IATH KBAIPAT JTMHbI TEH-
3opa CxoyTena—Beiisis Ha JIOKAJIBHO OHOPOJHOM (IICEB/IO)PUMAHOBOM IPOCTPAHCTBE (CM. T10-
apobree [16,17]).

[Iycrb, kak u panee, (M = G/H, g) — J0KaIbHO OJHOPOIHOE (IICEBJIO)PUMAHOBO MHOIOO0-
pasue pasmepHocTu m, g — anarebpa Jlu rpynnsr G, h — noganrebpa uzorponuu, m = g/h
nonosinenue B g K b, h = dimb.

[Iycrs {e1,e9,..., e, Us, U, ..., Uy} — Oasuc B g, rae {e;} u {u;} ects 6azucer h u m coor-
BeTcTBeHHO. [losmoKuM

_ .k _ ik _ =k
[wis wsly, = cun,  ws ugly = Cien,  [hiyugl, = Gyun,
rae ¢, Cf; u € — MaccuBbl COOTBETCTBYIONIIX PA3MEPOB.

50 7]
HepBbIM maroM sABJigdeTCd BbIYMCJIeHUE IIpedcTaB/JICHUA N30TPOIINI 77/1 Ha 0a3UCHBIX BEKTOpax

k k-
(wz)] = (¢ (ei))j = ij (2)
¥ 3aIliCh CHCTeMbl ypasHeHuit (1).

Jlayiee BBIYUCISIOTCH KOMIIOHEHTDI ¢BA3HOCTH JleBu—HuBuTa V ¢ TOMOIIBIO U3BECTHOTO MET-
PUYECKOrO TEeH30Pa, ¢;; ¥ CTPYKTYPHBIX KOHCTAHT cfj, C’fj " Efj:

s s B 1— ]' sk~
(ci; + 9% 00 + g™ ¢gn) . Thy = 53¢ — 59705, (3)

Tk —
u 2 2

1
2
_ Tk _ Tk ij
rie Vyuj = Tug, Viuy = Fiug, {97} — matpuia obpatraast K {gi;}-
CJieyomuM 1aroM siBjisieTcst BbIYMCJICHHEe KOMIIOHEHT TeH30pa KPUBH3HbI R U TeH30pa

Puyun r: B
Rijks = (Fikffz - Fé-kffz + Céjr?k + Ciljr?k) Gpss  Tik = Rijrsg’®. (4)

B konme Berancsirorcss KoMmoneHTh TeH3opa Cxoyrena—Beiirs

1
SWii, = ——
ik n— 2

S S S S
(Tijk — Tikj) = — (Tskrﬁ + il — sl — 7is kj)

u KBaJIpaT JuHbl TeH3opa CxoyTtena—Beitis
[SWI* = SWiijWaﬂygmgﬂgh-

OtmernM, 9TO 110TI00HBIE MATEMATUIECKUE MOIEH JI/IsT MeTPUIeCKUX TPy JIu Takzke ObLIn
nocTpoeHbl B paborax [18,19], a jijist JIOKaJIbHO OJJHOPOJIHBIX TPOCTPAHCTB B paborax [3,17].

B nmannoit pabore Mbl OyjeM HCIIOJIB30BATh KJIACCH(MUKAIINIO YeThIPEXMEPHBIX JIOKAJIbHO
OJIHOPOJIHBIX (IICEBJI0)PUMAHOBBIX MHOT00Opasuii mojydennyio B pabore [20|. lamnas kiac-
cudukalus IpuBejieHa B Tab/uie 3 B KOHIE JIAHHONW padoThl. /Iy KaxK10ro ciaydast yKa3aHbl
ckobku JIu, onpeensiorniue aaredpy JIu rpymnmsr G, mapaMeTpbl MOT'YT IPUHAMATD JTFOOBIE JTefi-
CTBUTE/IbHBIE 3HAYEHUS, €CJIU He YKa3aHO 00paTHOE; BO BCEX C/Iydasx Ioja/redpa M30TPOINN
h = span (e;), monosnHenne m = span (u;). Jlasee mo TekeTy Mbl OyJEM CCBLIATLCSI HA CJIyYan
U3 JIaHHO# KjlaccuduKaliu 110 X HoMepy (Hampumep, “2.13.57).

Huxe 1o Tekcty, npu ykazaHuu Bujia WHBAPUAHTHON METPUKHU, MBI OYJIEM CCBLIATHCS Ha
tabauiy 2. Tak, Hanmpumep, dppasa “Merpudeckuiti TeHzop nmeer Buj 4”7 o3HAYAET, ITO MaT-
pHUIla METPUYIECKOrO TEH30pa UMeeT BU/I, IIPUBEJICHHBIN B Tad/uIe 2 1o/ HOMepoM 4 BMecTe C
COOTBETCTBYIOIUMHU OIPAHUYIEHUSIMEI HA KOMIIOHEHTBI METPUIECKOI'O TEH30PA.
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Msorponneiit Terzop Cxoyrena—Beiirs

Tabsmmna 2

Bui nHBapraHTHOrO METPUYIECKOI'O TEH30Pa
Marpuria Marpura
Orpanun-
Ne MEeTPUIECKOTO Orpanundennst|| Ne MeTPUIECKOTO
YeHuda
TEH30pa TEeH30pa
0 0 13 0 0 0 Q24 0
0 o 0 oaxn aiz # 0, 0 ax 0 oaxn
1 a13 0 0 0 a§4 75 92044 9 24 0 0 0 24 7& 0
0 ax 0 o«u 0 ayq 0 O
0 0 a3 O 0 0 agy O
0 0 0 o a3 # 0, 0 0 o3 an
2 13 0 0 0 Qo4 75 0 10 Q24 (23 0 0 24 7& 0
0 a O 0 0 agy O 0
o33 0 0 0 0 0 0 —Q23
0 ax 0 axn azz # 0, 0 0 a3 O
3 11 0
0 0 Q33 0 a§4 75 Q92044 0 Q3 Qg4 0 23 7&
0 ag 0 aug —aog 0 0 oy
Q33 0 0 0 0 0 94 0
0 44 0 0 as33 75 0, 0 0 0 24
4 0 0 Q33 0 (e 7V} 75 0 12 Q24 0 Q33 0 24 7& 0
0 0 0 oau 0 ay 0 O
0 0 0 —Q23 0 0 Q44 0
0 0 23 0 0 44 0 0
5 « 0 13 « 0
0 a3 azz Qs 2 7 agg 0 azz O u?
—ao3 0 a3zs  au 0 0 0 au
0 0 —Q9 0 0 0 24 0
0 929 0 0 929 75 O, 0 0 0 24
6 14 « 0
—a 0 o33 o ays # 0 azgg 0 0 O 7
0 0 34 Q44 0 24 0 0
0 0 13 0 44 0 0 0
0 Q44 0 0 13 75 0, 0 44 0 0
Iloas 0 0 0 a0 Pl 1o 0 au o Qa1 70
0 0 0 Q44 0 0 0 o7V
0 0 —ag1 a3
8 0 0 @23 a2 a3, + a3, #0
—aog a3 0 0 = 2
a3 agy 0 0

3. KpuBusna weTbIpeXMepHBIX JOKAJIBHO OJHOPOJHBLIX (IICEB-
J10) PUMAaHOBBIX MHOr000pa3mii ¢ HETPUBUAJIBHON MOJATrPYIMHOii H30TPO-

Immn

B sannom pa3zjesie MbI IpUBEJIEM HEKOTOPBIE TEOPEMbBI O TEH30PaX KPUBU3HBI YETHIPEX-
MEPHBIX JIOKAJIBHO OJHOPOJIHBIX (IICEBJI0)pUMAHOBBIX MHOrooOpasmit. Ho cHauasma ymomsiaem

CJIEJTY OO JIEMMY, JIOKa3aTeIbCTBO KOTOPOi MIPUBOAUTCS, HampuMep, B [1].

Jlemma 1. [Tycmo {R = 0} o6osnauaem kaacc 6cer naockux (ncesdo)pumanosvis mro2000-
pasud; {r = 0} — xaacc mmnozo06pasutl ¢ nyaesvim menzopom Puvuu; {VR = 0} — xaacc
A0KaAoH0 cummempuynviz; {W = 0} — xaace xongopmmo naockux mmozoobpasuis; {Vr = 0}
— xaace Puvvu napassesvrnox mmozoobpasut; {VW = 0} — kaace mnoz006pasui ¢ napan-
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aeavrom menszopom Betiaa; {SW = 0} — xaacce mmozo06pazuti ¢ nysesvim menzopom Croy-
mena—Betas. Tozda evinoansomes ciedyrowue 8KAOYEHUA:

{R=0}C{r=0},{R=0} C{VR=0},{R=0} C{W =0},

o {r=0}C{Vr=0}, {VR=0}C{Vr=0};
o {W=0}C{VIW=0}, {VR=0}C{VIW =0}
o {Vr =0} C{SW =0}, (VW =0} C{SW = 0}.

Teopema 2. [Tycmov G/H — uemvipexmeproe A0kaivio 00HOpodHoe (nce6do)pumanoso mHo20-
obpasue ¢ HempusuasbHol nodepynnot usomponuu. Toeda (G/H,g) asasemcs niockum MHo-
2006pasuem (m.e. R = 0) das 110607 unsapuanmmots mempuku g mozda u moavko moeda, K020a
G/H codepoicumcesa 6 cnucke:

1.1%9, 1.1%.10, 1.12.12, 1.1%.1, 1141, 1151, 1.161, 1.2L.1, 1.221,
1.31.18, 1.31.32, 1423, 1.4'.26, 2.11.3, 2126, 2.136, 2142, 2.2L6,
2217, 2224, 2231, 231, 2413, 25114, 2527, 3.11.1, 3.1%1,
3212, 3214, 3222 3.3l4, 3.324, 3411, 3421, 35'4, 3.524,
4101, 4121, 4.2'2, 4223, 4282, 43'2, 51.1, 6.1.2, 6.12.3,
6.13.3

3ameuanme 1. Bcezo 6 meopeme 2 nepevwucieno 46 munos A0KGALHO 0OHOPOOHBIT NPO-
CMPAHCMS.

Jloxasameavcmeo. Huzke Mbl mogpobno pacemorpum caydait 1.11.9. Ocraibmbe caydan pac-
CMaTPHUBAIOTCS aHAJIOTHIHO.

s cayaasa 1.11.9 cymecrsyer 6asuc {e1, u1, Uz, Uz, Us} B g TaKOii, 4TO HEHYJIEBbIE CKOOKH
JIn nmeroT B

1 1
[elaul] = Uy, [el7u2] - §u27 [61,U3] = —us, [6171,64] - —§U4, [u17u4] = Usy.

Hanee, oboznauast m = spanquy, ug, Uz, U4} ¥ ¢ ucnosb3osanueM (1) u (2), MbI moJIy9aeM mpeji-
CTaBJICHUEe U30TPOIUH U BUJl MHBAPUAHTHOIO METPUYECKOIO TEH30pa B JaHHOM Oasuce:

10 0 0 0 0 ap 0
lo i 0 0 o 0 0 ax
=100 -1 0| 9 las 0 0 0
00 0 -3 0 an 0 O

Tax KaK g HEBBIPOXK/IEHA, TO (130a4 7 0. KommonenTsr cesznoctu JleBu-Hupura ompeiesisitorcst
¢ moMoIbo (3):

(Tl = (Ty)f = (Ty)k =0,
0 00 0 10 0 0
-1 00 O _ 0 0 o0
Ci=o 00 ea| TN=|g¢ -1 o
13
0 00 0 o0 0 -1

Haistee ¢ momornpio (4) ybexkpaeMcest, 9T0 BCe KOMIOHEHThI TeH30pa KPUBU3HBI 1R TOXKJIECTBEHHO
PaBHBI HYJIIO.
OcrabHbIe CITyYanl TeOPEMbl 2 PACCMATPUBAIOTCS AHAJOTTIHO. O

JlokazaTebCcTBO TeopeM 3—7 aHAJOTMYHO JIOKa3aTeIbCTBY TEOPEMBI 2 M OCHOBBIBAETCS HAa
NPAMBIX BBIYUCICHUAX, [IO9TOMY MbI IPUBOJIUTD UX HE OYyJIEeM.
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Teopema 3. [Tycmv G/H — uemvipexmeproe A0kaivio 00HOPodHoe (nce6do)pumanoso MHo-
2000pasue ¢ HEMPUBUAALHOT NOJPYNNOT USOMPONUL (KPOME MET, YIMO NEPEYUCAEHDL 6 MEO-
peme 2). Toeda (G/H,g) asasemesa Puwuu naockum mmozoobpasuem (m.e. r = 0) daa 110601
UHBAPUAHMHOT, MEMPUKY § M020a U MOALKO mozda, kozda G/H codeporcumes 6 cnucke:

1.31.17, 1.3%.23, 1.31.31, 2215, 2223, 25'2 25.11, 25112, 2513,
2.52.6, 3213, 431

3ameuanue 2. Bcezo 6 meopeme 3 nepevucaeno 12 munos A0KaAbHO 00HOPOOHBLT NPO-
CMPAHCMS.

Teopema 4. [lycmv G/H — wemuwpexmeproe a0kaivho 00nopodnoe (ncesdo)pumanoso mHo-
2000pasue ¢ HEMPUBUAALHOT NOPYNNOT USOMPONUL (KPOME MET, YMO NEPEYUCAEHDL 6 MEO-
peme 2). Toeda (G/H,g) asasemca Kougopmmo naockum muozoobpazuem (m.e. W = 0) das
210601 UHBAPUAHMHOT MEMPUKY § MOo20a U MoAvKo mozda, koeda G |H codeporcumes 6 cnucke:

1418, 2212, 2213 241, 242, 25%4, 2516, 259, 25110,
3.21.1, 3221, 3.3.1, 3.3L.2, 3.3.3, 3.32.1, 3.32.2, 3.32.3, 3.5.1,
3512, 3.5%.3, 3.52.1, 3522, 3523, 6.1.1, 6.121, 6.12.2, 6.13.1,
6.13.2

3ameuanume 3. Bcezo 6 meopeme 4 nepevwucaeno 28 munos A0KaAbHO 00HOPOOHBLL NPO-
CMPAHCMs.

Teopema 5. [Tycmov G/H — uemvipexmeproe a0kaivio 00HOpodHoe (nce6do)pumanoso mHo-
2000pasue ¢ HEMPUBUAALHOT NOJZPYNNOT USOMPONUY (KPOME MET, YMO NEPEUUCAEHDL 6 MEOPE-
me 2). Toeda (G/H,g) Aeasemca A0KAAODHO CUMMEMPUYHBLM MHO2000pasuem (m.e. VR = 0)
Oas A0000 UNBAPUAHMHOT MEMPUKY, § Mo2da U MoAvKo mozda, kozda G/H codepoicumes 6
cnucke:

1.1%5,  1.1'6, 1147, 1.1%26, 1.127, 1128, 1.1%29, 1.12.10, 1.3L.11,
1.31.17, 1.31.31, 148, 14114, 1.4'.21, 1.4'.22, 1.4'24, 1.4'.25 2.1.1,
212, 2121, 2122, 2123, 2124, 2125, 2131, 2132, 2133,
2134, 2135, 2141, 2211, 224, 2215 2221, 2222, 2223,
2411, 242, 25'2, 2516, 25.7, 2518, 2519, 25.10, 2.5%.11,
25112, 25113, 2524, 2525, 2526, 3201, 3.21.3, 3221, 3.3..2
3.31.3, 3322, 3.323, 3.5.1, 3.5%.2, 3513, 3521, 3,522, 3.52.3
4211, 4221, 4222, 4231, 4341, 6.1%.1, 6.1%1, 6.122, 6.13.1,
6.13.2

3ameuanmne 4. Bcezo 6 meopeme 5 nepevucaeno 73 muna A0KGABHO 00HOPOOHBIT NPO-
CMPancme.

Teopema 6. [Iycmv G/H — wemuwpexmeproe a0kaavho 00nopodnoe (ncesdo)pumanoso mmo-
2000pasue ¢ HEMPUBUANLHOT NOJPYNNOT USOMPONUL (KPOME MET, YMO NEPEUUCAEHDL 8 TEOPE-
maz 2, 3u 5). Toeda (G/H,g) asasemes Puvvwu napanresvrom mrozoobpasuem (m.e. Vr =0)
Oas 10000 UNBAPUAHMHOT, MEMPUKY g Mo20a U MoAvKo mozda, kozda G/H codeporcumes 6
cnucke:

1.31.3, 136, 1.3.8,  1.3%.9, 1.3%.10, 1.31.20, 1.4'.13, 1.4..15, 1.4'.16,
1.41.17, 1.4'.18, 1.41.19, 1.4'20, 2.5'.5, 2523

3ameuanmue 5. Bcezo 6 meopeme 6 nepevwucieno 15 munos aA0KaALHO 0OHOPOOHBIT NPO-
CMPAHCMS.
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Teopema 7. [Tycmov G/H — uemvipexmeproe A0kaivio 00HOPodHoe (nce6do)pumanoso mHo-
2000pasue ¢ HEMPUBUANLHOT NOJPYNNOT USOMPONUL (KPOME MET, YMO NEPEUUCAEHDL 8 TEOPE-
maz 2-6). Toeda (G/H, g) umeem nyaesoti menszop Croymena—Betna (m.e. SW = 0) daa mo-
601U UHBAPUAHMHOT MEMPUKY § Mo20a U Mmoavko mozda, kKoeda G |/H codeporcumes 6 cnucke:

1312, 1.3'4, 1.3%5, 1.3L7, 1.3L12, 1.3L.13, 1.3.14, 1.3.15 1.3%.16,
1.31.19, 1.3'.21, 1.31.22, 1.31.24, 1.31.25 1.3..26, 1.31.27, 1.3'.28, 1.3.29,
1.31.30, 1.4%9, 14110, 1.4%.11, 1.4%.12, 2513, 2522

Sameuyanue 6. Bcezo 6 meopeme 7 mepewucieno 25 munos A0KaALHO O0OHOPOOHBIT NPO-
CMPAHCMNG.

4. N3orpomubrii Tea3op CxoyreHa—Beitas

JlokazaTebCTBO TEOPEMBI | OCHOBBIBAETCs Ha IMPEIJIOKEHUIX, KOTOpbIe OyIyT J0Ka3aHbI B
JIAaHHOM pasjieJie.

IIpensoxkenne 1. Ilycmo (M = G/H,g) — aokaavro oduopoduoe (ncesdo)pumaroso
MHO02000PA3UE  PAZMEPHOCTIU 4 € HEMPUBUAALHOT nodepynnot uzomponuu. Tozda mensop
Cxoymena—Betiaa mnozoobpasus (G/H,g) pasen nyato das 410600 un6apUGHMHOT MEMPUKY
g, ecau u moavko ecau G/H codeporcumesn 6 caedyrowem cnucke:

1.1%.(5-10) 1.12.(6-10)  1.12.12 1.13.1 1.141 1.15.1
1.16.1 1211 1221 1.31.(2-32) 1.41.(8-26) 2.11.(1-3)
2.12.(1-6) 2.13.(1-6) 2.1%(1,2) 22L.(1-7) 222.(14) 2231
2301 241.(1-3) 25L.(2-14) 252(2-7) 311 3.12.1
32L.(1-4) 3.22(1,2) 3.3%.(14) 33%(14) 341 3421
3.5.(1-4)  352.(14) 411 4121 4.21.(1,2) 4.22.(1-3)
42%.(1,2) 43.(1,2) 511 6.1%.(1,2) 6.1%(1-3) 6.13.(1-3)

Joxaszameavcmeo. JlanHoe TpeJIOKEHUE sBISETCS MPAMBIM CJIEJICTBUEM TeopeM 2—7 B CHJIY
JeMMBbI 1. O

IIpennoxenue 2. [lyemov (M = G/H, g) — aokaavho 0dnopodnoe (nce6do)pumaroso mrozo-
00pasue PasMEPHOCU 4 ¢ HEMPUBUAALHOT nodzpynnot uzomponuu. Toeda, ecau G/H ecmo
cayuati 1.11.8 wau 1.12.11, mo xeadpam daunw, menszopa Croymena—Betina ||SW||* ne pasen
HYAI0 HU OAA KAKOU UHBAPUGHMHOT MEMPUKY .

Jloxasameavcmeo. Cayqaitr 1.11.8. B nannom ciaydae ckobku JIu MMeIoT CIe/IyIonuii Bu;

1 1
[el,ul] = U, [61,u2] = 5”2’ [el,us] = —us, [61,U4] = —§U4>
[u1, uz] = —2ey, (1, ug] = uz, [u2, uz] = ua,

rie h = span (e1), m = span (uq, ug, s, Uy)-
Beraucnm npejicrasienue nzorporun (2):

o O
o O O

Y1 =

O O O
O Owim O
|
—_
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HYCTI) MeTpI/I‘IGCKI/Iﬁ TEH30p uMeeT BUI:

aq1 Q2 13 (g
Qg Qg2 (g3 iy
(13 Qo3 i3z Qi3g
Qg Qg Qi3g Oy

TOIJIa YCJIOBME MHBAPHAHTHOCTH METPUIECKOTo TeH3opa (1) Gyaer mMeTh BUI:

3 1
gy =0, 2011 =0, capp=0, zau=0,

2 2

1

—zap3 =0, —2a33=0, —za3 =0, —ayu=0
2 2
Takum 06pa3oM, HHBAPUAHTHBI METPUIECKUI TEH30p UMEeT BUJL 2.
HerpusnagbHbIMI KoMIIoHeHTaMu Tersopa CxoyTena-Beitna gapiasgioTcs:

30(24

SW223 - _SW232 = _SW441 -

2003
Ksapar maaumsl Tenzopa CxoyTeHa Beilsiss mMeeT ceyIomuii BI;

9

ISW|? = ——.

aq3

Omn, oueBHIHO, HE PABEH HYJIIO HU JJI KAKON MHBAPUAHTHON METPUKH (.

Cuyuaii 1.12.11. B gannom ciydae cKoOKn JIu nMeroT ciieryromuii By

1
[61,U1] = us, [61,1&2] = 5”47 [61,U3] = —ua,
1
[61,U4] = —§U27 [U17U2] = Uz, [U1,U3] = —4ey,
[U17U4] = —Uy4, [U2,U3] = —Uq4, [ug,u4] = U2,
rie h = span (e1), m = span (uq, ug, us, Uy).
BeraucanM npejicrasienne nzorpornn (2):
00 -1 O
00 o -1
_ 2
¥ 10 0 0
0 % 0 0

[IycTs MeTpuyecKuilt TeH30p MMEET BUL;:

a1 Qr2 Qg3 Qg
Q2 Qg2 Qg3 (g
Q3 (Qigg (g3 (i34
Qg CQigg 3y Oiyy

TOorJ1a yCJIOBUE MHBAPUAHTHOCTU METPHUIECKOI'O TE€H30Pa (1) 6y,ZLeT HNMETDb BUI:

1
agy =0, 2053=0, —ap+a=0 -—ap+ 5084 = 0, 502 + azq = 0,
1 1
5014 + a3 = 0, 502 + 504 = 0, 50— 0 = 0.
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Taxum oOpa3zoM, HHBAPUAHTHBIN METPUUIECKUNT TEH30p UMeeT BUJI 4.
HerpupnaibubiMu KoMimoHeHTaMu TeH30pa CxoyTeHa—Beiiis siBIsSIOTCs:

B101
SW221 - _SW234 = SW243 = _SW441 = —a 44‘
33

Ksampar gaunbl Tensopa Cxoyrena—Beiiis nmeer cjieayronuit B

72
SW|?* = —-.
Q33
OH, oueBHWIHO, HE PABEH HYJIIO HU JJIsI KAKO MHBAPUAHTHON METPUKH (. O

IIpennoxenune 3. Ecau (M = G/H,g) — aokasvho 0dnopodroe (ncesdo)pumaroso mioz2o06-
pazue PasmMeprocmu 4 ¢ HempueuaibHoli nodepynnot usomponuy (Kpome Mex, 4mo npusede-
Hot 6 npedaoocenun 1). Toeda, ecau G/H codepotcumen 6 muoicenpusedennom cnucke, mo u3
pasencmea nyamo xeadpama oaunve menzopa Croymena—Betiaa ||[SW||* daa nexomopoti unea-
PUGHMHOT MEMPUKY § CACDYEm PABEHCMB0 HYA0 camozo menadopa Croymena—Betias SW :

1.1'.2 1.1'4 1.1%22 1.1%5

Joxazameavcemeo. TlocienoBaTelbHO pacCMOTPUM BCe CJIyYau, IPUBEICHHBIE BHIIIE.
Caywuaii 1.1'.2. B narnom caydae ckookn JIu IMeIOT ciieyIonmii BT

[61, Ul] = Uz, [61, Us] = —us, [UQ, U4] = Pug, [U3>U4] = us,

rie h = span (e1), m = span (uq, ug, us, uq), p € R.
BeruncuM npejicrasienue u3orporuu (2):

Y =

S O O
o O O O
o O OO

IIycTh MeTpuvecKkuii TeH30p UMEET BU/I:

0q1 Qp2 13 04
Qg Qg2 Qg3 iy
Q3 Qigg (33 (i34
Qg Qigg Qi34 Oy

TOTJIa YCJIOBUE MHBAPUAHTHOCTH METPUYECKOTO TEH30pa (1) Oy/eT UMeTb BUJI:
aip =0, a4 =0, a;1=0, ap=0, az3=0, a3z =0.

Taxum oOpaszoM, UHBAPUAHTHBIN METPUYIECKUT TEH30p uMeeT BUT 1.
Henynesbimu kKoMmiionentamMu terzopa Cxoyrena—Beitns aBisiioTes:

a,p(2p — 1)
A(agauas — 03y)
04130422]7(2]9 - 1)
8(agauay — a3y)
B ag4a22p(2p - 1)

4(anz0uy — a3y)

SW224 = _SW242 =

SW143 = _SW134 = SW341 =

SW442 =
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Ksagpat gmunbl Tenszopa Cxoyrena—Beitisg nmeeT ceyionuii BII;:

33,0 (2p — 1)°
]_6(05220144 — 0434)3 ’

ISW* =

OH paBeH HYyJIIO TOTJIA, KOTJa JIub0 e = 0, ubo p = 0, ubo p = % Ho Bo Bcex aTux cirydasx
cam Ter3op Cxoyrena—Beiis Tak:ke paBeH HYyITIO.

[TockoJIbKY BO BCEX CllydasixX aJrOpPUTM JOKA3aTeIbCTBA OJJHOOOPA3EH, TO Jajiee /It KarXK 10~
IO CJIydast Mbl IPUBEJIEM JIUIIb HOMED BHUJIa METPUUIECKOTO TeH30pa ¢ (13 TabJiuibl 2), HeTPUBHU-
aJIbHbIe KOMITIOHEHTHI TeH30pa Cxoyrena—Beitns SW u kBanpar gmuabl Terzopa Cxoyrena—Beii-
ast [|[SW 2.

Curyyaii 1.1% 4.

g SW LSW*
SWigz = —SWigp = 4 23;
1 SWiyz = —SWayy = —SWizy = Ma —20‘%
o2 @13
SWag = —5.3

Cuyuaii 1.12.2.

g SW ISP
SW141 = SWayz = —SWig = —SWigy =

3 2(a220044— a24

azzoep(p— 1)

, SWaoy = —SWoyp = ogp(pl).

aggas—a3,’

(a22a4a—a2y)3

_ azgazp(p-1)
=  Q24022P P )
SW442 Q22044 — Q5

Caywuaii 1.12.5.

J SW [SW]?
3 SWis = =5Whzs = 3 2 ’ 303,
o2, o
SWigs = SWap = —SWiyz = 22452 SWgy = % 4053
]
IMpensoxenune 4. Ecau (M G/H,g) — aokaavho 00nopodnoe nceslopuManoso MHO20-

00pasue pasmeprocmu 4 ¢ Hempusuasohol nodepynnot usomponuu. Tozda, ecau G/H ecmo
cayuati 1.41.6 uau 1.41.7, mo xeadpam daunwve mensopa Croymena—Betiaa ||SW||? pasen nyao
oas n060t uneapuanmuot mempuru g, a cam mensop Croymena—Betina ne mpusuanen.

Jloxasameavcmeo. Citydaii 1.4'.6. B nanmom ciydae ckobkn JIm mMeroT ciieryionmii By

le1, us] = uq, le1, ug] = uo, [ur, ug] = u,

[u27 U’4] = Uz, [u37 U4] uy + us,

rie h = span (e1), m = span (uq, ug, Us, Uy).
BerancmuM npejicrasiienue uzorporuu (2):

U =

0
0
0
0

S O O
o O = O
o O OO

[IycTh MeTpuvecKuit TeH30p UMeET BU/I:

a1 Qar2 Qi3 Qg4
Q2 Qg Qigz  (igy
Q3 (igg i3z (i34
Qg CQigg gy Oiyy
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TOIJIa YCJIOBHE WHBAPMAHTHOCTH METPpUYIecKoro Ternsopa (1) Oymer umersb BUJL:
a1 =0, a;2=0, a=0, au=0, 2a03=0, g+ a;3=0.

Taxum oOpaszoM, HHBAPUAHTHBIN METPUUIECKUT TEH30p UMeeT BHUJL 6.
HenynesBbimu kKoMiionenTamMu terzopa Cxoyrena—Beitns aBisioTes:

30422

SWiyz = —SWizy =

20644 )
OHI/I HE MOI'YT 3aHYJ/JIUTBLCA, IIOCKOJIBKY IIPU (kg3 = 0 MeTpI/IquKI/Iﬁ TEH30D ObLI OBl BBIPOXKJICH-
HBIM.

HenocpecTBeHHBIMU BBIYUCIEHUSAMEI  YOEXKIAEMCsI, 9TO KBaJpaT JmHbl Ter3opa (Cxoy-
TeHa—Beilsig paBeH HYJIIO.

Curyuaii 1.41.7. B gannom ciydae cKoOKn JIu UMeIOT cJielylomuii By

[ela U2] = Uy, [617 Ug] = U2, [Ul, U4] = U,

[tg, us] = usg, [us, us] = —uy + us,

rie h = span (e1), m = span (uq, ug, Us, Uy).
Berancium npejicrasiienue uzorporuu (2):

0
0
T
0

o O O
o O = O
o O OO

[IycTh MeTputveckuii TeH30p UMEET BU/I:

Q11 Qp2 Qg3 Qg
Qg Qg2 (g3 iy
(13 Qg3 i3z Qi3g
Qg Qg Qi3g Oy

TOrJIa YCJIOBHE WHBAPHMAHTHOCTH METPpUYIecKoro Tenszopa (1) Oymer umersb BUJL:
a1 =0, a;2=0, a=0, au=0, 2a03=0, a9+ ai3=0.

Takum oOpazom, MHBAPUAHTHBIN METPUYECKUl TEH30D UMeeT Bu/I 6.
HenyneBbivu kommonenTamu teazopa Cxoyrena—Beitis apisiorcst:

3(122

SW334 = _SW343 =

20444 ’

OHu He MOTYT 3aHYJIUTHCS, TIOCKOJIBKY TIPU (o3 = () MeTpuvaecKuii TeH30p ObLT OBl BHIPOXKICH-
HBIM.

HenocpeicTrBeHHBIMU BBIYUCTIEHUAMEI yOeXKIaeMcsd, 9TO KBaJIpaT JUIMHbI Tenzopa (Cxoy-
TeHa—-Beilsg paBeH HYJIIO. 0

IIpensioxkenune 5. Ecau (M = G/H,g) — a0kaavho 00nopodroe neesdopumaHoso MHo2000pa-
3Ue Pa3MEPHOCTIU 4 ¢ HEMPUBUANLHOT nodepynnot udomponuu. Tozda, ecau G/H codeporcum-
cA 6 nuscenpueedennom cnucke, mo xeadpam oauns, mensopa Croymena—Betiaa ||SW||* pasen
HYA10 OAd 10001 UHBAPUAHMMHOT MeMPUKY g, Ho cam mensop Croymena—Betias moocem 6vimov
PABEH, HYAI OAS HEKOMOPOIL UHBAPUGHIMHDLT MEMPUK:

1.3%1 14'1 14'2 143 14'4 1.4'5 25'.1 25%1
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Zloxazameavcmeo. llocmemoBaTebHO pacCMOTPUM BCe CJIydad, TPUBEJIEHHBIE BLIIIIE.
Cuyuaii 1.3'.1. B gannom ciydae cKookn JIu UMeIoT ciieryfomuii By,

1
[617u1] = €1, [el,U,g] = Uy, [617’21,4] = U2, [Ufl;u2] — _571/27
1 1
[u1, us] = us, (w1, uy) = §U4, [ug, ug) = §U4,

riae h = span (e1), m = span (uy, ug, Us, Uy).
Berancium npejicrasienue uzorporuu (2):

Y =

o O OO
o O OO
S OO
o O = O

[IycTh MeTpuvecKkuii TeH30p UMEET BU/I:

Q11 Qp2 Qg3 Qg
Qg (g2 (g3 iy
Q3 (Qigg (g3 Qi34
Qg Qigg Q34 Oy

TOrJIa YCJIOBHE WHBAPHMAHTHOCTH MEeTpUdecKoro Tenszopa (1) Gymer umersb BUJI:
an =0, ap=0, ap=0, a3=0, ayu=0, as+ay,=0.

Takum oOpazom, HHBAPUAHTHBIN METPUYECKUN TEH30D UMEET BU/L 5.
HenynieBbivu kommonentamu teraszopa Cxoyrena—Beitis apisrorcs:

45(cuz3qq — 3,)
3203, ’

150444 (0433@44 — Q§4)
64ai,

SW331 = SW334 = _SW343 =

OHHI MOTYT 3aHYJIUTHCS TOTJIA, KOLJa b0 azzayy — a3, = 0.

HernocpeictrBeHHbIMU  BBIMUCIEHUAMEI yO€XKIaeMcsl, 9TO KBaJIpaT JUIMHbI Tenzopa (Cxoy-
TeHa—-Beilsig paBeH HYJIIO.

[TockombKy BO BCeX ciIydasX aJrOpUTM JOKa3aTeIbCTBA OJHOOOPa3eH, TO JaJjee s KaxK-
JIOTO CJIydasi Mbl IIPUBEJEM JIMIIb HOMED BHJa METPUYECKOro TeH3opa ¢ (u3 Tabuuibl 2) u
HETPUBUAJIbHBIE KOMIIOHeHTRI Ten3opa Cxoyrena—Beitas STW. Bo Beex ciydasx KBajpat jjm-
ubl Terzopa Cxoyrena—Beitng Tpusnasien.

Cayuaii 1.4%.1.
g SW

_ 3asz(auat2a02) R — as3(baaa+8asz)
6 SWi3y = — e SWiys = —SWs3y = B Py

Curyuaii 1.4%.2.

g SW

6 SWsys = —SWssy = —a33(p_2?;3§*p_5)
Cuyuaii 1.4%.3.

g | SW

6 ‘ SWisy = —SWayy = *83—cud

20044
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Curyuaii 1.4 4.

g SW

6 SWizy = —SWays = 2ion
Curyuaii 1.4%.5.

g SW

6 SWizg = —Zz;‘;
Cayuaii 2.5%.1.

g ‘ SW

12 ‘ SWazg = SWazy = —SWayz = %
Cuyuaii 2.5%.1.

g ‘ SW

6 ‘ S W332 = 1250(ii3

]

B npegoxkenusx 1, 2, 3 mepedncieHbl YeTbIpeXMepHbIE JIOKAJIBHO OTHOPOJIHBIE (TICEBJIO)pH-
MAaHOBBI MHOIooOpasus, KOTOpble He MOI'YT UMeTh M30TporHblii Tenzop Cxoyrena-Beitis. B
HPEJTIOYKEHNH 4 TIePedrC/IeHbl JIOKAIHLHO OJTHOPO/IHBIE TICEBIOPUMAHOBBI MHOIOOOpAa3Ms pa3Mep-
Hoctu 4, Tenzop Cxoyrena—Beiiis KOTOpbIX N30TPOIEH J1ist JTF000# HHBApUAHTHON MeTpuku. B
MPEJIOYKEHNH D COJIEPKATCA JIeThIPeXMEpPHBIE OTHOPOIHBIE TICEBIOPUMAHOBBI MHOT000pa3Ns,
ter3op Cxoyrena—Beilsig KOTOPBIX M30TPOIIEH ITPU HEKOTOPBIX YCJIOBUAX THUIIA ‘HEPABEHCTBO
9TU MHOI00Opa3usl BMECTe C COOTBETCTBYIOIIUMU YCJIOBUSMU cojiepxkarcs B Tadbsune 1. [lars
OCTaBIIUXCs cirydaeB u3 Kiaaccudukarmu [20] paccmorpum Jasee.

Cuyuaii 1.1%.1. B gannoM ciydae cKOOKN JIn UMeIOT cJielyomuil By
[61,161] = U1, [617U3] = —us, [Uhuz] = U2, [U2,U4] = U2, [US,M] = us,

rae b = span (e;), m = span (uy, ug, us, Uyg).
Berauesnm npeicrasiienue uzorporun (2):

10 0 0
00 0 0
Yi=19 0 —1 0
00 0 0

[Iycts MeTpuyeckuit TeH30p UMeEET BUJ;:

a1 Qr2 Qi3 Qg
Q2 Qg Qg3 (g
Q3 GQigg (rgz (i34
Qg CQigg (g4 Oiyy

TOrJIa YCJIOBUE MHBAPUAHTHOCTU METPUYECKOI'O TEH30Pa (1) Oy/IeT UMeTb BUJI:
aip2=0, aiu=0, 201 =0, —ap3=0, —2a33=0, —az=0.

Taxum oOpaszoM, UHBAPUAHTHBIN METPUYIECKUT TEH30p UMeeT BUJT 1.



38 Wzorpommbrii Tenzop Cxoyrena—Beiins

HeHYJIeBI)IMI/I KOMIIOHEHTaMM1 TEH30pa CXOYTGH&*BGI'/JLHH ABJIAIOTCA:

(a3 + agouy — a3,)ad,
4ais(anz0uy — ajy)
(13 + 20004) (@345 + gpaugy — a3))aing
8afs (s — a3y)
(g3 — 20424)(04%3 + Qgatuyy — a34)iao
8ats (s — a3y)
(0f3 + (opuag — 03, r20is
dais(an0ug — a3y)

SWIQS = SW224 = _SWISZ = _SW231 = _SW242 =

)

SW143 = _SW134 =

’

SW341 =

Y

SW442 = -

Ksagpar gaunbl Tensopa Cxoyrena—Beiiis nmeer BuI:

2 2 2 2123
3(aqy — dagpauy + dagy ) (afz + anpauy — aiy) aiy

SW|? =
[SW] 16085(usarar — a3,)?

OH paBeH HYJIIO B TPEX C/IydasX:

1. mpu age = 0, HO B 9TOM ciIydae 3aHyJIAI0TCS KOMIIOHEHTRI TeH3opa CxoyTena—Beitss, ciemno-
BaTeJbHO B JaHHOM ciiydae TeH3op CxoyreHa—Beiiist He sIBJISIeTCS U30TPOITHBIM;

Oézf 7052 .
2. 1Iph gy = ——12—24 {0 B 9TOM CJIydae 3aHyJISIIOTCS KOMIOHEHTHI TeH3opa Cxoyrena—Beiiis
@44 7 Y

cJjie10BaTe/IbHO B JJaHHOM CJIyda€ TE€H30D CXOYTGH&*BQI‘/JIIIH He ABJIdeTCd M30TPOITHBIM;

2 2
_ ajstidaz,
3. TIpH gy = o

, B 3TOM ciy4dae TeH3op CxoyreHa—Beilsst gB/isieTcst H30TPOITHBIM.
Cuyyaii 1.1%.3. B gannom ciydae cKookn JIu uMeIoT ciieryomuii By,
[617u1] = Uy, [61,U3] = —us, [ula US] =€ + U2,

rie h = span (e1), m = span (uy, ug, Us, Uy).
Berancnm npejicrasienue uzorporun (2):

10 0 0
00 0 0
¢1_00—10
00 0 0

[IycTh MeTpuyecKuit TeH30p MMEET BUJL:

aq1 Qp2 13 04
Qg Qg2 Qigz iy
Q3 (Qigg (33 Qi34
Qg Qigg Qi34 Oy

TOrJIa YCJIOBUE MHBAPUAHTHOCTU METPUYECKOI'O TEH30Pa (1) Oy/IeT UMeTb BUJI:
arp =0, au=0, 2011 =0, —apy=0 —2a3=0, -—a3=0~0.

Takum oOpazom, MHBAPUAHTHBIN METPUYECKU T€H30p uMeeT Bu/I 1.
HenynieBbivu kommonenTamu terazopa Cxoyrena—Beitis apisiorcs:

0422(0413 - 0422)
402,
0424(0613 - 0422)
oty

SWlSQ = _SW123 = 2SVV231 =

9

SW134 = SW341 = _SW143 =
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Ksagpat gmunbl Tensopa Cxoyrena—Beiiis nmeer BuI:

ISW* =

On paBeH HYJIIO B JIBYX CJIyYaX:

. 30422(0413 - 0422)2

6
4agy

1. Ipu 13 = Gigg, HO B 9TOM CJIy4da€ 3aHYJIAIOTCA KOMIIOHEHTbI TEH30Pa CXoyTeHaf]_j)ef/'IJIﬂ7 CJIe-

JIOBaTEJIbHO B JIaHHOM ciiydae TeH30p Cxoyrena—Beitis He dBjseTCss N30TPOIHBIM;
2. mpu gy = 0, B 3TOM ciryuae Ten3op CxoyreHa—Beilist sBIgeTCS N30TPOIHBIM.

Curyuaii 1.12.1. B gannom ciydae cKooKn JIu UMeIoT ciietyiomuii By

[Gl,ul] = us,

[ula U4] = Uy,

rie h = span (e1), m = span (ug, ug, s, Uy)-

Beraucsnm npezcrasiienue uzorporun (2):

Y =

o= O O

[IycTh MeTpuyecKuit TeH30P UMEET BUJL:

a1
a2
a3
Q14

TOor'Jla yCJIOBUE MHBAPUAHTHOCTU METPUIECKOI'O TEH30Pa (1) 6y,ILeT MMETDb BU:

a3 =0, ags =0, —a2=0,

Taxum oOpa3oM, UHBAPUAHTHBIN METPUYIECKUIT TEH30P UMeeT BUJT 3.
HenysieBbivmu kommnonenTamu tersopa Cxoyrena—Beitns apiasiorcs:

SWhiiy = SWagy = =SWigy = —SWsys =
SWase = 25Wha3 = =SWagy = —SWagy = —25Wi39 =
SWiyag = 25Whyg = —25Wi3q = —25Way =

Kganpar giunsr renzopa Cxoyrena—Beitis numeer Bu:

Iswip =2

o O O O

a9
(65))
93

Q24

20513 - 07

[617 Us] = —uq,

[ug, us] = 2us,

o O O

13
Q23
Q33
(34

o O OO

Q14
Qo4
Qi34
Qyy

—ayy =0,

2 2
(Qop0ryy — a5y — dagg) gy

azz — app = 0.

40433(06220444 - 0454)
(Qvppgy — a3y — 40‘%3)04%2
203 (anacas — 03y)

(06220444 - 0434 - 404;%3)04240622

(agptay — a3y + ads)ady (anpauy — a3y — 4a3,)?

2035 (vap gy — 3)

OH paBeH HYJIIO B TPEX C/IydasX:

4afs (a0 — a3y)?

1. mpu a9 = 0, HO B 3TOM Cilyvae 3aHYJIAI0TCH KOMIIOHEHTHI Ter3zopa Cxoyrena—Beits, ciemno-

BaTeJIbHO B JAHHOM ciiydae TeH3op CxoyreHa—Beilist He sIBJIsTeTCS M30TPOITHBIM;
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a3y tdad, C _Beti
o , HO B 3TOM Cﬂyqae SaHyﬂHIOTCH KOMIIOHEHTBI TeH30pPa XoyTeHa enJId,

cJjie1oBaTe/IbHO B JJaHHOM CJjlydae TE€H30D CXOYTGH&*BGI‘/JIIIH He ABJIdeTCd M30TPOITHBIM;

2. IIpu Qlgg =

a2, —a? .
3. TpHU iy = —22—3_ B 3rOoM ciaydae TeH3op CxoyreHa—Beilst sBIsIeTCS M30TPOITHBIM, €C/IN
Q44

2 2
gy — 3 7 0.
Caywuaii 1.12.3. B nannom ciaydae ckobkn JIu IMeIoT ciieyIonmil BT
ler,ur] = usg, e, us) = —uy,  [ug, us] = e + uy,

rie h = span (e1), m = span (uq, ug, Us, Uy).
Berancium npejicrasiedue u3orporuu (2):

Yy =

o= O O
o O O O
o O O
o O OO

[IycTs MeTputveckuii TeH30p UMEEeT BU/IL:

aq1 G2 13 (g
Qg Qg2 (g3 iy
Q13 Qo3 i3z Qizg
Qg Qg Qi34 Qg

TOrJIa YCJIOBME UHBAPHMAHTHOCTH METpUdIecKoro Tensopa (1) Oymer umersb BUJL:
a3 =0, ags=0, —a2=0, 203=0, —auu=0, az3—a;; =0

Taxum oOpa3oM, UHBAPUAHTHBIN METPUYECKUN TEH30P UMeeT BUJT 3.
Henynepbivu kommonenTamu Tersopa Cxoyrena—Beitns apisrorcs:

0622(0422 - 0433)
4a3,
0424(0622 - 0433)

403,

SW231 = 25Wl32 = _QSWIQS =

Y

SWigy = SWsyy = =SWhys =

Keanpar gauaer Ternsopa Cxoyrena—Beitas nveer By

3avga(rgg — aizz)?

1SW|* =
40433

OH paBeH HYJIIO B JIBYX CJIyYAsX:

1. 1IpUu Qg = (33, HO B 9TOM CJIy4da€ 3aHYJIAIOTCA KOMIIOHEHTbI TEH30Pa CxoyTeHafBeI?mﬂ, CJIe-
JA0BaTEJIbHO B JaHHOM CJIydae TE€H30D CXOYTGH&*BGI"/'IIIH HE ABJIACTCA U30TPOITHBIM;

2. pu g9 = 0, B 9TOM ciaydae Ter3op Cxoyrena—Beilis aBigeTcs n30TPOIHBIM.
Caywuaii 1.12.4. B nannom ciaydae ckookn JIu IMEIOT ciieyIonmii BT
ler, ur] = us, ler,us] = —uy, [u1,us] = —ey + uy,

riae h = span (e1), m = span (uq, ug, Us, Uy).
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Beraucsinm npejicrasiienue u3orporun (2):

Y1 =

O = O O
o O O O
o O O

o O OO

HyCTb MeTpI/I‘{QCKI/Iﬁ TEeH30p uMeeT BU:

Q11 Q1 013 Oy
Qg Qlgp (i3 (g
Q13 OQigg (33 (i34
Qg4 Qlgg (i34 OCiyq
TOTJIa YCJIOBUE MHBAPUAHTHOCTU METPUYECKOI'O TEH30Da (1) OyJileT UMeTb BUI;

a3 =0, ag=0, —a2=0, 203=0, —au=0, az3—a; =0

Taxum oOpaszoM, UHBAPUAHTHBIN METPUIECKUT TEH30P UMeeT BUJT 3.
HenynesBbimu kKoMiionenTaMu Terzopa Cxoyrena—Beitns aBisitoTes:

Q9o (e + as3)
4a§3

(a2 + aiss)
4(1%3

SW132 = _SW123 = 25'VV231 =

)

SW134 = SW341 = _SW143 =

Kgazpar gunsr rernzopa Cxoyrena—Beitis umeer Bu:

3avgg(argg + iz3)?

6
4orsq

ISw* =

On paBeH HYJIIO B JIBYX CJIyUasX:

1. mpu a9y = —ag3, HO B 9TOM CJiydae 3aHYJISIOTCs KOMIIOHEHThI TeH3opa (Cxoyrena—Beits,
cJeJI0BaTe/IbHO B JJaHHOM ciydae Ten30p CxoyreHa—Beils He sBjsieTCs H30TPOITHBIM;

2. mpu e = 0, B 3TOM cityuae Ten3op CxoyreHa—Beitist sBIsieTcs N30TPOITHBIM.

B saksnouennu 3amerum, 9to Jyisi 186 muOroobpasuit us sroit knaccudukanuu [20| crpa-
BeJIJINBO CJle/lylolee:

e 15 mHoOroobpasuit MOryT uMeTh U30TpoIHbIil Ten3op Cxoyrena—Beitag SW, npuuem:
— s 2 n3 uux Tenzop Cxoyrena—Beitng SW uzorpornen s j1i0060it mHBAPUAHTHON MeTpH-
KI;
— B ocTaJibHBIX 13 cirydasx Tenzop Cxoyrena—Beitnis SW saBjseTcss n30TPOIMHBIM JIUITH TTPU
OTIPEJIeJIEHHBIX YCJIOBAAX Ha WHBAPUAHTHYIO METPUKY, ITPUIEM:
® B ) cilydasX YCJIOBUS HA MHBAPUAHTHYIO METPUKY SBJIAIOTCS YCJIOBUSIMU THUIIA “DABEHCTBO;
e B 8 ciydasdx yCJIOBUsS Ha WHBAPUAHTHYIO METPUKY SBJISIIOTCS YCJIOBUSAME THUIIA “HEPaBEH-

CTBO”;

e 171 mHOrOOOpa3We HE MOXKET MMeTh U30TpomHbIi TeH30p Cxoyrena—Beitna SW, npudem:
— B 2 caydasx Keajpar jyabl Tensopa Cxoyrena—Beitna ||[SW || we pasen nysmo nu st
KaKOIl MHBApUAHTHOU METPUKU;
— B 165 ciydasx Bce KoMmoHeHTHI TeH3opa Cxoyrena—Beiiia SW paBHBI Hy/1I0 1151 J1I000iT
MHBAPUAHTHOW METPUKH;
— B 4 cJlydasx TPUBHAIBHOCTH KBajiparTa JyinHbl Tenzopa Cxoyrena—Beitna ||SW |2 mis nexo-
TOPOIT MHBAPWMAHTHON METPHWKH BJIeUeT 3a co0Oi TpuBHabHOCTH TeH3opa Cxoyrena—Beitis

SW.
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Tabsmmna 3
Knaccuduranus 9eTbpexMepHbIX JIOKATBHO OJHOPOIHBIX (TICEB/I0)PUMAHOBBIX MHOrOOOpas3uii
Ne Ckobxku JIn
1.1%.1 le1, ur] = uq, [er, us] = —us, [ur, us] = ug, [ug, us) = ug, [ug, us) = us
1.1%.2 le1, ur] = uq, [er, us] = —us, [ug, us] = pus, [ug, ug] = us
1.1%.3 le1, ur] = uq, ler, us] = —us, [ug,us] = e1 + us
]_].14 [el,ul] = Uy, [61,U3] = —us, [ul,u3] = U3
.15 le1, ur] = wy, [er, us] = —us, [ug, us] = ey, [uz, us] = uo
1.1'.6 le1, ut] = uy, [er,us] = —us, [ug, uy] = uy
1.1%.7 ler, u1] = uq, le1,us] = —ug, [ur,uz] = e
1118 [el,ul] = Uy, [617U2] = %UQ [61,U3] = —us, [61,U4] = —%7,1147 [U17U3] = —261,
[Ul, U4] Ug, [UQ, Ug] = Uyg
1.1%.9 ler, ur] = uq, [e1, us] = §u2, le1, us) = —us, ler, uq] = —%u4, [u1, ug) = usg
1.1%.10 le1, ur] = uq, [e1, us] = Aug, le1, us] = —us, [e1, us) = —Auy, A € [0,1]
1121 [61,’&1] = Us, [61,U3] = —Uy, [Ul,U3] = —Uy, [U,l,U4] = Uy, [UQ,U4] = 2U2, [U,g,U4] = Us
1.1%2.2 le1, ur] = us, [e1, us] = —uq, [ur, uq] = uq, [ug, ug) = pus, [us, us] = usg
1.1%.3 le1, ur] = us, ler,us] = —uq, [ug,us] = e1 + uy
1.1%2.4 le1, u1] = us, [e1,us] = —uq, [ug, us] = —e1 + usg
1.12.5 le1, ui] = us, [er, us] = —uy, [ug, us] = uy
1.1%2.6 le1, ut] = us, [er, us] = —uq, [ug, us] = ey, [uz, us] = us
1.1%2.7 ler, u1] = us, le1, us] = —uy, [ug, ug] = —eq, [uz, us] = us
1128 [el,ul] = Uus, [61,U3] = —Uup, [UQ,U4] = U9
1.12.9 le1, ur] = us, [e1,us) = —uq, [ug, us] = e;
1.12.10 le1, ur] = us, [e1, ug] = —uq, [ug,us) = —ey
L1211 1, un] = us, [e1, ua] = Jua, [e1, us] = —uy, [er, us] = —5ug, [u1, ug] = ug,
[U17U3] = —461, [ul,u4] = —Uy, [UQ,’U,g] = —Uy, [U3,U4] = U3
1.1%.12 ler, ur] = us, [e1, us] = Auy, le1, us] = —uq, [e1, us) = —Aug, A € [0, 1]
1.1%.1 ler, ur] = uq, [e1, us] = Ay, ler, us] = —us, [e1, us] = —Aug, A € (0,1]
1.1%.1 le1, ur] = us, [e1, us] = —Aug, [e1, uz] = —uq, [e1,us] = Aug, X € (0,1)
1.15.1 le1, ur] = cos(p/2)uy — sin(p/2)ug, [e1, us] = cos(p/2)us + sin(p/2)uy,
' [e1, ug] = — cos(p/2)us + sin(@/2)uy, [e1, uy] = — cos(p/2)uy — sin(p/2)us, ¢ € (0,7/2]
. ] = = cos( 2us — STl 3Var, o, a] = Cos(op s — sinli 2T
le1, us] = — cos(p/2)uy + sin(p/2)us, [e1, us] = cos(p/2)uz + sin(p/2)uy, ¢ € (0,7/2)
1.2'.1 le1, ur] = uq, [e1, us] = ug + g, [e1, us] = —us — g, le1, uq] = —uy
1.22.1 le1, ur] = ug, [e1,us] = —uq, [e1,us] = ug + uy, [€1,us] = —uy — ug
Latq | levul=en e us] = wns fen ua] = ua, [ur, ua = —gus, [ur, us] = us, [ur, ua] = gus,
[ug, uz] = Suy
1.31.2 | [er,us] = uy, [e1, us] = ua, [ur,us] = —Xey + (A + D)uy + Aug, [ug, ug] = ug, A € [—1,1]
1.3%.3 le1, ug) = uq, [e1, ug] = ug, [uy, us] = uq, [ug, ug] = ug, [ug,us) = €
1.34 |[er, uz] = w1, [er, ua] = ua, [ur, us] = —(1+ A)ey + 2 ug + (1 + A2)uy, [ug, ug] = ug, A =0
1315 le1, ug) = uq, [e1, uq] = ug, [ug,us] = —);:1“61 + 1;—)‘1112, [ug, ug) = —Aeg + ug + Aug,
[ug, uz] = —Xeg + ug + Mg, [ug, ug] = —per + (u+ Dug, A >0, p # 1
Latg| lenus] =, [en,ua] = ug, fur, ug] = i, [un, ta] = U, [z, Ug] = r, [ug, tg] = U3,
U3,U4] =€
le1, us] = uy, [61,u4] UQ, [uy, ug) = 1_’%\61 + p%\ul 1+/\U/2,
137 [ug, uyq] = 1+)\61 + 1+}\u1 + 1+Au2, [ug, us] = 1_11_>\61 + 1+/\u1 + H—/\UQ
[u2, u4] 1+/\e1 + 1+Au1 + 11?)?“ A7 -1
1.3%.8 le1, ug) = uq, [e1, ug] = ug, [ug, us] = uq, [ug, ug] = ug, [ug, us) = —us
1.3Y.9 | [er, us] = ui, [er, ua] = ug, [ug, us] = Auy, [ug, ug] = —Xep + (A + 1ug, [us, us] = —Aug
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1.31.10 le1, ug] = uy, ey, ua] = g, [Ug, us] = us, [us, us] = e
1.3%.11 ler, us] = uy, [er, us] = ug, [ug, us] = —uy, [ug,uy] = ey, [us, ug) = e; +us
1.31.12 ler, ug] = uy, [er, us] = ug, [ur, ug] = uy, [ug, us] = puy, [ug, ua] = —Aper + (A + p)ug,
3. 1o
— — [in] ( p)us 1 — .
13113 le1, ug] = w1, e, us] = ug, [u1, ug] = uy, [ug, us) = U1, [ug, ug] = —561 + <)\ + 5) Uz,
T [Ug,U4] €1 + ’LL3
1.3' 14 le1, ug] = w1, er, ua] = ug, [ur, ua] = uy, [ug, us] = (1 - )‘)ula (U2, ug] = A(A — 1)eq + us,
T [Ug,U4] =e1 + /\'Ll,g7 A §£ 3
1.3'.15 [61,U3] = Uy, [61,U4] = U2, [UI;US] = —e; + 2uy, [U1,U4] = U2, [U2,U3] = Uz,
- [Ug, wa] = —€1 +wy
1316 le1, ug] = uy, [er, ua] = ug, [ur, us] = —e1 + 2uy, [ur, uy] = ug, [ug, us] = uy,
- [U27U4] =€ — U
1.31.17 le1, ug] = uy, [e1, ua] = ug, [Ug, us] = uq, [us, us) = €;
1.31.18 ler, us] = 1, [e1, ug] = uy, [ug, ug] = uy
1.31.19 le1, us] = uy, [er, us] = ug, [ur, ug] = uy, [ug, us] = uy, [ug, us] = —ey 4+ uy + 2uy
1.3'.20 le1, us] = uy, [er, us] = ug, [ug, us] = uy, [ug, us] = ug — uy, [us, uy] = —ug
13191 le1, us] = uy, €1, us] = ug, [ur, ug] = uy, [ug, us] = Auy,
[ug, us] = —Aey + (1 — Nug + (1 + Nug, [ug, ug] = (1 — MNug, A # 1
1.3199 le1, us] = w1, [er, us] = uy, [U1,U4% = ul]u [U2;U3] lul, [ug, ug) = —%61 + %Ul + %U%
o Uz, Uy er+ U3
1.3%.23 ler, us] = uy, [er, ua] = ug, [u1,uy) = uy, [Uz,UzL] = Uy + Ug, [u3, us) = €1 + us
1.3 24 le1, ug] = uy, e, us] = uo, [u127)'\u31] (1- 2>\)€1 + 2Aug, [ug, us] = (2A — 1uy,
o [U2,U3] = Aug, [UQ,U4] = 55261 — 2,\ 73—3 U1, [U3>U4] = (>\ - 1)“4, A#E1
1.3 95 ler, us] = uq, [e1, us] = uy, [U17U3] (1 —2N)er + 2wy, [ug, ug] = (2A — 1)uy,
T [UQ,U,g] = )\Ug, [U,Q,U4] = ;;\2381 + 2)\1 2U1, [Ug,U4] ()\ — 1)U4, A 7é 1
1.31.96 le1, ug] = ua, e, us] = ug, [ul,uza] = ——61 =+ Ub [, uy] = 3U2> [ug, us] = §U2,
(U9, uy] = —5 1+ Ub [U37U4] =€ — %u4 ‘
13197 le1, ug] = ua, [e1, ug] = ug, [u1, us] = —‘61 + %Ub [ur, ug] = %Uza (U2, uz] = §U2,
- [Ug, us) = %61 §2ul, lug, ug] = €1 — tuy
1.31 98 ler, us] = uy, [er, ua] = ug, [ur, us] = 2uy, [ur, us] = 2ug, [ug, uz] = uy, [ug, us] = €1 — %Ula
- [U3,U4] = Uy
1.31 29 le1, ug] = uq, [e1, us] = ug, [ur, us] = 2uy, [ur, us] = 2ua, [ug, us] = ug,
- [ug, us] = —e1 + %Ub [us, us] = uy
Ap(A—1 T—\
[61,%3] = Uy, [617u4] = U2, [1/’\61)“3] - )\iﬁu,)\zel + A)\iﬁ iu/‘«u + /\Ji‘u,)\)‘uu%
_ @ 2
13130 {ul’uﬂ - _)\Jr//{*)\/tel + >\+Ml;)\ﬂu1 + >\+H )\Mu ’
Uz, Us] = = X3, mel T Xt mu%
(g, uy] = ;i(::;; + ,\lﬁ ‘/‘\)Hu + /\;\Ffu ‘;MAUQ, Adtp—A#0,1<pu< A >0
1.3%.31 le1, us) = uq, [e1, uq] = ug, [us, us] = €3
13132 [61,U3] = Uy, [61,U4] = U9
1411 [61,U2] = Ui, [€1>U3] = Uz, [61,U4] = €1, [U17U2] = Uy, [U1>U3] = Uz, [U17U4] = Uy,
- [UQ,U:a] = U3, [U3>U4] = —Us
1.4 92 [61,U2] = Uy, [61;163] = Ug, [6[17164] ]Z €1, [Ul,uzd = puq, [U2,U4] = (p - 1)“2:
- Uz, Ug| = (p—2)u3
1.44.3 le1, ug] = uy, ey, us] = ug, [e1,uy] = ey, [y, us] = 2uy, [ug, us] = ey, [ug, us] = uy
1444 le1, ug] = uq, (€1, us] = ug, [e1,us] = eq, [ur, ua] = 2uq, [ug, usz] = —eq, [ug, us] = uy
1.4'5 [61,U2] = Uy, [@17163] = Ua, [U1,U2] = Uy, [U1,U3] = U2, [UQ,U3] = U3
1.4'.6 [61,U2] = U1, [61;163] = Ug, [U17U4] = U1, [U2,U4] = U2, [U3,U4] =u; +us
1447 [61;U2] = U1, [61,U3] = Ug, [U17U4] = U1, [U2,U4] = U2, [U3;U4] = —uy + uz
148 ler, ug] = uy, [e1, us] = uy, [u1,uy) = wy, [ug, us] = ug, [us, uy] = us
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1.4%.9 le1, us] = uq, le1, us] = ug, [uy, us] = wuy, [us, us] = re; + ug + ug, [us, ug) = puy

1.4%.10 le1, us] = uq, [e1, us] = ug, [ur,us] = uy, [ug, us] = re; + ug, [us, us] = puy

1.4%.11 le1, ug] = uq, le1, us] = ug, [ur, us] = uy, [ug, us] = re; + us + uy, [us, ug] = uy — uy

1.41.12 le1, ug] = uq, [e1, us] = ug, [ur, us] = uy, [ug, us] = re; + ug, [us, us] = ug — uy

1.4%.13 le1, ua] = uq, [e1,us] = ug, [ug, us] = req + uy, [us, ug] = uy

1.4%.14 le1, ug) = uq, [e1, us] = ug, [us, us] = req, [us, us] = uy

1.41.15 le1, ug| = uq, ler, us] = ug, [ug, us] = €1 + uy, [ug, us) = uy

1.41.16 le1, us] = uq, [e1, us] = ug, [ug, us] = —eq + uy, [ug, ug] = uy

1.4%.17 le1, ug) = uq, [e1, us] = ug, [ug, us] = uy, [us, us] = uy

1.41.18 le1, us] = uq, [e1,us] = ug, [ug, us] = e + uy

1.41.19 le1, us] = uy, 61, us] = ug, [uz, us] = —eq + uy

1.41.20 le1, ug] = uy, [e1, us] = ug, [us, uz] = uy

1.41.21 le1, ug] = uy, [e1,us] = ug, [uz, ug] = ey, [us, us] = uy

1.41.22 le1, ug] = uq, [e1,us] = ug, [ug, us] = —ey, [us, us) = uy

1.41.23 le1, us] = uq, [e1, us] = ug, [us, us] = uy

14124 [61,U2] = Uy, [61,%3] = U9, [U27U3] = €1

1.4'.25 le1, ug] = uq, le1, us] = ug, [ug, ug] = —eq

1.41.26 [e1, ug] = uq, [e1, us] = us

2.1%.1 le1, ur] = uq, ler, us] = —ug, [e2, us] = ug, [eg, us] = —uy, [ug, us] = ey, [ug, uy] = €9

2.11.2 le1, ur] = uq, ler, us] = —us, [ea, us] = ug, (e, us] = —uy, [ug,us] = e

2113 €1, U1 = Uy, [81,U3] = —Uus, |€2,U2| = U9, [82,U4] = —Uqg

2121 [el,ul] = Ui, |€1,U3| = —Us, [62,1&2] = Uy, |€E2,Uq| = —U2, [ul,u3] = €1, [UQ,U,4] = €9

2122 [el,ul] = Uy, [61,U3] = —us, [62,’&2] = U4, [62,U4] = —U9, [ul,u3] = €1, [U27U4] = —€9

2.12.3 le1, ur] = uq, [e1,us] = —us, [es, us] = uy, [ea, us] = —us, [ug,us] = e

2.1°4 le1, ur] = uq, [e1,us] = —us, [ea, us] = uy, [€a, us] = —uz, [ug, uq] = €3

2.1°5 le1, ur] = uq, [e1,us] = —us, [ea, us] = uy, [€2, us] = —ug, [ug, us) = —ey

2.1°.6 le, u1] =, [e1,u3] = —us, [ea, us] = uy, [e2, us] = —ugy

2131 [el,ul] = Uus, [61,’&3] = —Uup, [BQ,UQ] = Uy, [GQ,U4] = —Uog, [ul,u;»,] = €1, [’LLQ,U4] = €9

2132 [61,’&1] = Uus, [61,U3] = —Uy, [62,’&2] = U4, [62,U4] = —U9, [Ul,U,g] = €1, [U27U4] = —€9

2.13.3 | [er,u1] = us, [e1, us] = —uy, [e2, us] = ug, [€2, us] = —uo, [u1, us] = —ey1, [ug, us] = —eo

2134 [61,7,(,1] = Uus, [61,U3] = —Uq, [62,'11,2] = Uy, [62,U4] = —U2, [Ul,U3] = €1

2.135 ler, ur] = us, [e1,us] = —uq, [e2, us] = uy, [e, us] = —usg, [ug,us] = —e;

2.13.6 le1, u1] = us, [e1,us] = —uq, [ea, us] = uy, [e2, us] = —ug

o141 | lenw] =w, fen, us] = ug, ler, us] = —ug, ler, ua] = —u, [e2, w] = ua, [eg,us] = —u,
. leg, Us] = —uy, [en, Us] = ug, [uy, uz] = €1, [ur, us] = e, [ug, us] = ey, [ug, us] = —e;

2149 [61,1&1] = Uy, [617u2] = Uz, [61[, U3] :] —us, [61[, U4] Z] — Uy, [62,U1] = Uz, [6271&2] = —us,

€2, U3| = —Uy, [€9,Uq) = U3

9 211 [61,62] = €9, [61,’&1] = uz, [61,U3] = —us, [62,’&2] = Uy, [62,U3] = —Uy, [62,11,4] = —262,
’ [Ul,u:),] = U9, [U17U4] = —Uq, [UQ,U4] = U9, [U3,U4] = 2U3

ol o| o162 = e [er,un] =y, [er, us] = —us, [eg, o] = i, [eg, us] = —u, [ur, us] = e,
' [ug, us] = uy, [us, us] = (p — 1us, [us, usl = puy

991 3 [61,62] = €3, [61,U1] = Uy, [61,U3] Z[—U3, ][62,U2] = Uq, [ez,us] = Uy, [U2,U3] = U3z,

U, Ug) = Uy

991 4 [61,U1] = Uy, [6171&2] = U2, [617U3] = —us, [617U4J = —Uy, [62,u2] = Uy, [627U3] = —Uy4,
' [Ul,u3] = €9, [Uz,uzs] = €1, [U2,U4] )

9ol 5| e t] =u, [er, us] = s, [er, us] = [—Uz, []61>U4] = —Uy, [e2, Us] = U1, [€2,U3] = —uy,

Ug, U3) = €2
291l 6 [61,62] = %62, [61,u1] = Uy, [617U2] = —%Um [617U3] = —Us, [61,u4] = %U4, [62,U2] = U1,

[62a U’3:| = U4, [u17u2] = Uy4
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991 7 ler, €] = (1 — Nea, [er, ur] = uy, [er, ua] = Aug, [er, uz] = —us, [e1, us] = —Auy,
leg, Uug] = 1, [eg, us] = —ug, A € [—1,1]
9921 [Gl,ul] = U2, [61,U2] = —ui, [61,U3] = Uy, [61,U4] = —us, [62,U3] = Uy, [62,164] = U2,
[ur, us] = eg, [ug, us] = e, [uz, us) = —e;
9929 [el,ul] = U2, [61,U2] = —Uus, [61,U3] = Uy, [61,U4] = —us, [62,U3] = Uy, [62,U4] = Uz,
(U1, ug] = —eg, [ug, ug] = —e9, [us, us] = €3
2223 [617u1] = U2, [61,U2] = —uy, [617u3] [: Uy, ][61,U4] = —us, [627u3] = Ui, [62,U4] = U2,
us, Uq) = €2
2224 [61,@61] = U9, [617U2] = —Uup, [61,U3] = Uy4, [61,U4] = —us, [62,U3] = Uy, [62,U4] = U2
le1, ea] = —2sin(p/2)esy, [e1,ui] = —sin(p/2)u; — cos(v/2)us,
2.23.1 le1, ug] = —sin(p/2)us + cos(¢/2)uq, [e1,us] = sin(p/2)us — cos(p/2)uy,
le1, us] = sin(p/2)uq + cos(¢/2)us, [es, uz] = uy, [es, us] = uy, ¢ € (0, 7)
931 1 le1, ea] = 2eq, le1, u1] = uy, [e1, us] = —ug, |61, us] = —us — us, ler, us] = uy + uy,
[62,U2] = U, [62,U3] = Uy
2411 [61762] = €3, [elaul] = Uy, [61,U3] = —us, [62>u2] = Uy, [62,U3] = U2, [u17u2] = Ui,
[u, uz| = ug, [ug, us] = us
2 41 9 [61762] = €3, [6171&1] = Uy, [6[1,U3] ]: —us, [[627U2% = Uy, [62,U3] = U2, [U1,U4] = Uy,
Ug, Uy) = Ug, (U3, Uq) = U3
2.41.3 le1, ea] = eq, [er, u1] = uy, [e1,us] = —us, [eg, ug] = uy, e, us) = usy
le1, ug] = uy, [e1, uz] = —ug, [e1, us] = —2ey, [e2,ug] = —2e9, [e2, u3] = —ug, [e2, u4] = uy,
2511 [Ul,UQ] = 262 — Uq, [Ul, U3] = Uy + Uy, [ul,u4] = 261 — Uy, [U27 U3] = —2U3,
[Ug, U4] = U9 — Uy, [U3, U4] = QU3
2512 [61,UQ] = Uy, [617u3] = —Uy, [627u2] = _2627 [62,’LL3] = —Ua, [62,U4] = Uq, [u17u2] = —Uus,
[u, uz| = ug, [ug, us] = —2us, [uy, us] = —uy
[617102] = Uy, [61,U3] = —Uy4, [627103] = —U2, [62,U4] = us, [U17U3] = Uy,
2.5'.3 [uz, us] = e + pea + (1 — q)uy, ["Eiz,uzx] = )qula [U3,EJJ4] = —(1;7 +q)er + Aex — (14 q)ua,
q=200GfAN#0),geREFA=0
951 4 [617U2] = Uy, [61,U3] = —Uy4, [627U3] = —U2, [62,164] = Uy, [U1,U3] = Uy,
[ug, us] = qea + (1 — pug, [ug, us] = pus, [ug, us]l = —(p+qles — (1 +plug, p > 0
5 515 le1, up] = uy, [er, us] [: —uzﬁ, [ez,us[] = —?2, [eg, Uy jul, [uz, us] = €1 + ez — ua,
Uz, Ug) = Uz, U3, Uq| = —(C1 — ACY — Uy
2516 e1, ug] = uy, [er, us] = —uy, [eg, uz] = —uy, [z, us] = uy, [ug, uz] = gea — uy,
[ug, ug) = uy, [us, us] = —qe; — uy
9517 [61,162] = Uy, [617U3] = —U4,[ [62,16]3] = —U?L [;2,U4] = Uy, [Uz,uza] =e1 + e,
Uz, Uy = —€1 €2
9508 le1, us] = uy, le1, ug] = —uy, [[62,u3]] = —uj,>\[62,u4] = Uy, |ug, uz] = e — ey,
U3, Ug| = €1 (&)
2519 [61,’&2] = Uy, [61,U3] = —Uy, [62,’&3] = —Uyg, [62,U4] = Uy, [UQ,U,g] = €9, [U3,U4] = —€1
25110 [61,U2] = Uy, [61,U3] = —Uy, [62,U3] = —Uy, [62,U4] = Uy, [UQ,U?,] = —€9, [U3,U4] = €1
2511]. [61,U2] = Uy, [617U3] = —Uy, [62,U3] = —Uy, [62,U4] = Uq, [Ug,Ug] = €1, [U3,U4] = €9
25512] ey, us] = uy, [e1, us] = —uy, [e2, us] = —ua, [e2, us] = uy, [ug, us] = ey, [us, us] = —es
25113 [617u2] = Ui, [61,”&3] = —Uy, [62,'&3] = —Ug, [627u4] = Uz, [u27u3] =€
2.51.14 e1, up] = uy, [en, ug] = —uy, [eg, uz] = —uy, [eg, us] = uy
le1, up] = —eq 4wy, |er, us] = —ug, |e1, us] = €3, [z, us] = —e3, [e2, us] = uy,
2.52.1 leg, ug) = —ey — uq, [ug, us] = €1 — uq, [ug, us] = ug, [ur, uys] = —eq, [ug, us) = —2us,
[U27U4] = —Uy
1, ug] = uy, [er, uz] = —uy, |ea, uz] = ua, [eg, us] = —uy, [uy, uz] = uy,
2.52.2 [ug, us] = (p+ s)ey + res + ug — 2ruy, [ug, ug) = 2ruy,
[ug, us] = —re; + (p — s)eg — 2rug —uy, r 20,5 >0
552 3 le1, us] = uy, le1, us] = —ua, [ea, us] = uy, [e2, us] = —uq, [us, us] = —(r + s)e; — uy,

[U2,U4] = Ui, [U3,U4] = (5 - 7“)62 — Uy, s =0
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252 4 le1, ug] = uy, e, us] = —us, e, us) = U4’)[€2,U4] = —uy, [ug,us] = (1 + s)eq,
T [ug, us] = (1 — s)eq, s =0
2 52 5 [elaUQ] = Uy, [617'&3] = —Uy, [62,U3] = Uy, [62,'&4] = —Uy, [U’27u3] = _(1 + 8)617
o [us, us] = (s — 1)eq, s =0
2.5°.6 [elaUZ] = Uy, [61,U3] = —Ug, [62&3] = Uq4, [62,U4] = —Uj, [U2,U3] = €3, [U3,U4] =€
2.5%.7 [61,U2] = Uz, [617U3] = —Ua, [62,U3] = Uq, [62’U4] = —u
3 11 1 [61763] = €3, [62763] = —é€3, [elyul] = U1, [61,U3] = —us, [627u2] = Uy, [62,1,64] = —Uy,
- les, ua] = uq, [es, usz] = —uy
3121 [61763] = 2es, [61,U1] = Uy, [6177U2] = U, [617U3] = —us, [617U4] = —Uy4, [62,161] = U2,
- [6’2,“2] = —uj, [62,U3] = Uy, [6’2,U4] = —us, [63,U3] = Ui, [6’3,U4] = Uy
[61762] = €9, [61763] = €3, [61,U1] = Uy, [61,U3] = —us, [62,U2] = Uy, [62,U3] = —Uy4,
3.211 2, us] = —2e9, [e3, ug] = —2e3, [e3,u3] = —ua, [e3,us] = w1, [ur, us] = 2e5 — uy,
[U1,U3] = Ug + Uy, [U17U4] = 2ep — uy, [UQ,US] = —2ug, [UQ,M] = U2 — Uy, [U3,U4] = 2ug
[61762] = €2, [61763] = €3, [ebul] = Uz, [617163] = —us, [62,U2] = Uz, [627163] = —Ug,
3212 [627u4] - _2627 [637u3] = —Uy, [637’&4] = Uy, [ul)u3] = Uy, [u17u4] = —Uy, [U27U4] = U2,
[U3,U4] = 2U3
3 21 3 [61763] = 263) [elaul] = Uy, [elyu2] = Uy, [61,U3] = —us, [61,U4] = —Uy4, [62,'&2] = Uy,
o lea, us| = —uy, [e3, uz] = —ug, [es, uq] = uy, [us, ug| = es
391 4 [61762] = (1 - >\)€2> [61763] = (1 + )\)63v [@1,101] = U1, [61,102] = Aug, [617U3] = —us,
le1, ug] = —Auy, [ea, U] = uq, [es, us] = —uy, [es, us] = —ug, [es3,ua) =u;, A >0
[61762] = €9, [61763] = €3, [617U1] = Uy, [61,U3] = —us, [62,U2] = —eg + Uy, [627U3] = —Uo,
3.2%.1 lea, ug] = e3, [es, us] = —es, [es, us] = uy, €3, us] = —€2 — w1, [y, us] = €2 — uy,
[u1, us] = ug, [uy, usg) = —es, [ug, uz| = —2ug, [ug, Us] = —uy
3.929 le1, ea] = ea — Aes, e1, e3] = ez + Aeg, [e1, u1] = wq, [eq, ua] = Aua, |eq, ug] = —us,
- [617U4] = —Augy, [627U2] = U, [627U3] = —Ug, [637U3] = U4, [63,U4] =—u;, A=>0
3311 [61762] = —é€y, [61763] = €3, [61,U2] = Uy, [61,U4] = —U4, [62,U2] = Ui, [62,U3] = —Uy4,
- [63,163] = —Ua, [63,U4] = U, [Ubus] = Uj, [U2,U3] = pes + ug, [U3,U4] = —P€a — Uy
3.31 9 [61762] = —é€g, [61763] = €3, [617162] = U, [61,U4] = —Uy4, [627162] = Uy, [62,U3] = —U4,
o les, ug] = —ug, [eg, us] = uq, [ug, us| = es, [us, us] = —es
3.31 3 [61762] = —é€y, [61763] = €3, [61,U2] = Ug, [61,’“4] = —Ug, [62,U2] = Ui, [62,’“3] = —Uy4,
L [637U3] = —Uo, [63,U4] = Uy, [U2,U3] = —€3, [U3,U4] = €9
331 4 [61762] = —é€y, [61763] = €3, [61,U2] = Uy, [61,U4] = —U4, [62,U2] = Ui, [62,U3] = —Uy4,
- [63,U3] = Uy, [63,U4] =w
3.321 [61762] = —és, [61763] = €9, [617162] = Uy, [617U4] = —U2, [627162] = Uy, [62,U3] = —U2,
o [637U3] = Uy4, [63,U4] = —Uj, [U1>U3] = Uy, [U27U3] = pes + Uo, [u3,U4] = PpE3 — Uy
3 32 2 [61762] = % [61763] = €, [el’UQ] = Ug, [617[U4] :] U2, [TQ’UQ] ]: Uy, [62,11,3] = —Ug,
L [63;U3] = Uy, [63,U4] = U1, |U2,U3| = €2, (U3, Uq| = €3
3.32.3 le1, ea] = —e3, [e1, €3] = €2, [e1, ua] = uy, [e1, ua] = —ua, [e2,us] = w1, [e2, uz] = —uo,
- [e3, us] = ug, [e3, ua] = —w, [ug, us] = —eg, [us, us] = —e3
3.32 4 [61762] = —é€s, [61763] = €9, [617162] = Uy, [617U4] = —U2, [627162] = Uy, [62,U3] = —U2,
o [63,U3] = Uy, [63,’&4] = U
3 41 1 [61762] - 2627 [61763] = _2637 [eluul] = U1y, [61,U2] = —Uy, [61,'&3] = —us, [617u4] = Uy,
- [62,63] = €1, [62,U2] = U, [627u3] = Uy, [63,U1] = U2, [63,U4] = —Uus
[61762] = 2€3a [61763] = _2627 [elaul] = us, [61,/&2] = —Uy, [61,U3] = —Uj, [61,’&4] = U2,
3421 [62763] = 261) [62,'&1] = —Ug, [62,?,62] = U1, [62,'&3] = —Uy4, [62,?,64] = Uus, [63,'&1] = Uy,
les, ua| = ug, [e3, us] = —uy, [e3, us] = —uy
a5l le1, ea] = 2eq, [e1, €3] = —2es, [e1, u1] = 2wy, [e1, us] = —2ug, [e2, e3] = €1, [ea, ua] = uy,
- [62,U3] = —2uy, [es,ul] = 2uy, [63,U2] = —Us, [U17U4] = U, [U2,U4] = U2, [U37U4] = us
3519 le1, ea] = 2eq, [eq, €3] = —2es, [e1,u1] = 2wy, [e1, us] = —2ug, [e2, e3] = €1, |e2, us] = uy,
[62,103] = —2uy, [63,U1] = 2uy, [€3>U2] = —ug, [Ul,UQ] = €9, [U17U3] = €1, [U2,U3] = €3
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le1, ea] = 2eq, [e1, €3] = —2e3, [e1,u1] = 2uy, [e1, uz] = —2us, [es, e3] = e1, [e2, us] = uy,
3.53 [e2, us] = —2us, [e3, ur] = 2uy, [es, uo] = —ug, [ur, us] = —ea, [ur, us] = —ey,
[U2,U3] = —¢€3
3514 [61,62] = 2ey, [61763] = —2eg, [el,ul] = 2uy, [61,U3] = —2ug, [62,63] = ey, [eg,uz] = Uy,
e, uz] = —2uy, [e3, us] = 2uy, [es, us] = —us
3.52.1 [61762] = —e€3, [61763] = €3, [el,ul] = —U2, [61,u2] = Uy, [62,63] = —eq, [627u1] = —ug,
- [62,U3] = U, [63,U2] = —us, [63,U3] = Ug, [Ul,u4] = Uy, [U27U4] = U2, [Ug,u4] = Us
3.52 9 le1, e2] = —es, |e1, e3] = e, [er, ur] = —wug, [e1, uz] = uy, lea, €3] = —e1, [ea, u1] = —us,
leg, us] = uy, [es, us| = —us, [es, us| = ug, [ur, us] = ey, [ur, us| = ey, [us, us] = e3
3523 [61,62] = —e€g, [61,63] = €2, [€1>U1] = —Ug, [61,U2] = Uy, [€2>€3] = —¢€1, [e2>u1] = —us,
g, us| = u1, [e3, up] = —us, [es, us| = Uy, [u1,us] = —ey, [u1,u3] = —ey, [ug, u3z] = —e3
352 4 le1, e2] = —es, leq, e3] = eq, [e1, u1] = —ug, [e1,us] = wy, [e2, €3] = —eq, [e2, u1] = —us,
[62,U3] = Uy, [63,162] = —Uus, [63,U3] = Uy
4101 le1, e3] = e3, [e1, eq] = eq, [e1,u1] = wy, [er, us] = —us, [e2, €3] = —e3, [e2, e4] = €4,
[627U2] = Uy, [62,U4] = —Uy, [637U2] = U, [63,U3] = —Uy, [64,U3] = —Uo, [64,U4] =W
1121 le1, e3] = e3, [er, eq] = eq, [er,ur] = uy, [e1, us] = —us, [ea, €3] = —ey, [ea, €4] = €3,
e, U] = uy, [€o, us] = —uy, [e3, up] = uy, [€3,us] = —uy, [e4, us] = ua, [e4,us] = —1y
[61763] = 2es, [61764] = —2ey, [el,ul] = U1, [617U2] = —Ug, [61,U3] = —us, [61,U4] = Uy,
1 lea, u1] =, [ea, ug] = ug, [e2,us] = —us, [e2, us] = —uy, [e3, €4] = €1, [e3, uz] = uy,
1201 les, ug] = —ua, [eq, ur] = ug, [e4, us] = —us, [, us] = e1 + 3eq, [ur, us] = 2es,
[ug, ug] = 2ey, [ug,uy] = —e1 + 3ey
[61763] = 2es, [61764] = —2ey, [61,U1] = Uz, [617U2] = —Ug, [61,U3] = —us, [617U4] = Uaq,
4212 [62,U1] = Uq, [GQ,UQ] = U9, [62,U3] = —us, [62,U4] = —Uy4, [63,64] = €1, [63,U2] = Uy,
les, us] = —uy, [es, ur] = Uy, [e4, us] = —us
[61763] = 2ey, [61764] = —2es, [el,ul] = us, [617U2] = —Uy4, [61,U3] = —Uy, [617U4] = U2,
[62,161] = Us, [627U2] = Uy, [62,U3] = —Uuq, [62,u4] = —Ug, [63,64] = 2eq, [637u1] = —Uo,
4.2%.1 €3, ua] = uy, [es, us] = —uy, [e3, ua] = us, [eq, ua] = ua, [ea, ua] = us, [ea, us) = —us,
lea, ug] = —uy, [ur,ug] = —es, [ur,us] = e; + 3ea, [u1,uy] = ey, [ug, us] = ey,
[u27 U4] = —€ + 3627 ['LLg,U4] = —€3
[61763] = 2ey, [61764] = —2e3, [61,161] = us, [61,162] = —Uy4, [61,163] = —Uy, [61,U4] = U2,
) [ea, u1] = uz, [eg, ug] = uy, [eg, uz] = —uy, [e2, us] = —uy, [e3, e4] = 2ey, [e3,u1] = —ug,
4.2%.2 [es, ua] = ua, [es, us] = —uy, [es, us] = us, [eq, u1] = ua, [eq, us] = us, [eq, us] = —uy,
4, wa] = —uq, [ur, us] = €3, [ur, uz] = —e1 — 3ea, [ur, us] = —ey, [ug, us] = —ey,
[ug, us] = €1 — 3es, [ug, uq] = e
le1, e3] = 2eq, |e1, eq] = —2e3, [e1,u1] = ug, (€1, us] = —u, [e1,u3] = —uy, [e1, us] = uo,
4923 [6[2, Uy | ]Z Uus, [6[2,U2] ]Z Uyq, [62,[U3] :]_ula [6[2>U4] ]: _u27[[€37 64]] = 2617[ [63,U]1] = —Ug,
€3, U2] = U1, |€3,U3] = —U4, |€3,Us] = U3, |C4,U1| = U4, |€4,U2| = U3, |€4,U3] = —U2,
[647104] = —ux
le1, e3] = 2es, [e1, e4] = —2ey, [e1,u1] = uy, 61, uz] = —ua, 61, us] = —us, le1, us] = uy,
4.23.1 [ [62,131] = —U4,[ [ez,lﬁz] = uz,[ [627@33] = —U2,[ [62,16]4] =3u1, [[63764]] =e1, [{63#2]]: @;1,
€3, U3] = —Uyg, |€4,U1| = U2, [€4,Uq] = —UZ, |U1, U2] = O€2, U1, U3| = €1, U1, Ug| = 2€3,
[ug, us] = 2ey, [ug, uy) = —ey, [us, uy] = 3ey
le1, e3] = 2e3, [e1, eq] = —2ey, [e1, wi] = wy, [e1, up] = —uy, [e1, us] = —us, [e1, us] = uy,
4.23.2 [ea, ur] = —uy, [e2, us] = us, [e2, us] = —uy, [ea, us] = uy, [e3,e4] = €1, [e3,us] = u,
les, us] = —uy, [es, ur] = ug, [e4, us] = —us
[61762] = 2ey, [61,63] = —2ez, [el,ul] = ug, [61,U2] = —Ug, [elau3] = —us, [€1>U4] = Uy,
4301 [ea, 5] = en, [e2, uo] = un, [e2, ug] = —ua, [eg, ua] = ua, [es, ua] = —us, [ea, us] = —uo,
lea, Us] = wy, [us, uy] = ey
[61762] = 2ey, [61763] = —2ez, [61,161] = U1, [61,U2] = Uz, [61,163] = —us, [€1>U4] = Uy,
4.31.2 | [ea, 5] = en, [e2, uo] = un, [e2, us] = —ua, [eg,ua] = ua, [es, ua] = —us, [ea, us] = —uo,

[64, U4] = Uup
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[61763] = 2635 [61764] = _2647 [elaul] = ur, [617u2] —U2, [61,’LL3] = —us, [61,U4] = U4,
51011 ez, es5] = 2es, [eg, u1] = ua, [ea, ug] = us, [e2, us] = —us, [e2,us] = —uy, [es, es] = e,
[637U2] = U1, [63,U3] = U4, [64,U1] = U2, [64,U4] — —us, [65,U3] = —Ug, [65,U4] = U
le1, e3] = 2es, |e1, es] = —2eq, [e1,ur] = uy, [e1, us] = —ug, [e1,us] = —us, [e1, ua] = uq,
[62’65] - 265’ [62’66] - _266’ [62’u1] = ug, [GQ?UQ] = Uy, [62,1,63] = —Uus, [62,/&4] = —Uy,
6.10.1 | [e3, eq] = €1, [es, us] = uy, [es, us] = —ua, [eq, ur] = uo, [eq, us) = —us, [es, €] = —ea,
[65,U3] = —Ug, [65,U4] = Uq, [66,1,61] = —Uy4, [GG,UQ] = Uus, [Ul,UQ] = 265,
[Ul,U3] = €1 + €9, [U17U4] = 263, [U27U3] = 264, [U27U4] = —€1 + €9, [U3,U4] = 266
le1, e3] = 2es, |e1, eq] = —2eq, [e1, ur] = uy, [e1, uz] = —uz, €1, us] = —us, [e1, us] = uy,
1 [ea, €5] = 2e5, [e2, 6] = —2€6, €2, u1] = uq, [€2, U] = ua, [e, us] = —us, [e2, us] = —uy,
0.1°-2 [63,64] = €, [637102] = Uy, [637U3] = —Uy4, [647101] = Uz, [64,U4] = —us, [65766] = —€y,
[65,’&3] = —Uyg, [65,U4] = Uy, [66,’&1] = —Uy, [GG,UQ] = Uus
le1, e2] = —ey, [e1,e3] = —es, [e1, ea] = €2, [e1, e5] = e3, |e1,u1] = —ug, |1, ua] = uy,
[e2, €3] = —eq, [e2, €4] = —e1, [e2, €6] = €3, [€2, u1] = —u3, [e, u3] = wy, [es, 5] = —ey,
6.12.1 | [es,ec] = —ea, [e3, 1] = —ua, [e3,us] = us, [ea, €5] = —es, [ea, €6] = €5, [ea, ua] = —us,
[64,U3] = U9, [65,66] = —é€4, [65,U2] = —Uy4, [65,U4] = U2, [66,U3] = —Uy4, [66,U4] = Uus,
[U1,U2] = €1, [U1>U3] = €9, [U17U4] = €3, [U27U3] = €4, [U27U4] = 65, [U3,U4] = €6
61762] = —€y4, [61763] = —¢s5, 61764] = €2, [61765] = €3, |C1,U1] = —U2, [617U2] = Uy,
[62,63] = —€g, [62764] = —€y, [62,66] = €3, [627101] = —us, [62,U3] = Uy, [63765] = —é€q,
6.12.2 [63,66] = —€y, [63,101] = —Uy, [63,U4] = Uy, [64,65] = —€g, [64,66] = €5, [64,102] = —us,
lea, us] = ug, [e5, e6] = —e4, [e5, Us] = —uy, [e5, Us] = U, [e6, uz] = —uy, [e, us] = us,
[u17u2] = —€1, [u17u3] = —€y, [ulau4] = —e€g, ['LLQ,Ug] = —€y4, [u27u4] = —é€s5,
[us, ua] = —eg
[6176’2] = €4, [61763] = —€5, [61764] = €9, [61,65] = €3, [61,U1] = —Ug, [6’1,U2] = Uy,
2 [e2, 3] = —eg, [e2, €] = —e1, [ea, 6] = €3, [ea, 1] = —us, [ea, us] = ua, [e3, €5] = —e1,
0.1%3 3, e6] = —ea, [e3,u1] = —uy, [e3,u4] = w1, [e4, €5] = —e6, [e4, €6] = €5, [ea, Up] = —us,
[64,11,3] = U9, [65,66] = —€4, [65,U2] = —Uy, [65,U4] = U9, [66,U3] = —Uy, [66,U4] — Us
e1,e2] = —ey, |1, e3] = —es, [e1, eq] = e, [e1, 5] = €3, [e1, w1] = —uy, |e1, uz] = uy,
e, 3] = —eg, [e2, e4] = —e1, [e2, €6] = €3, [e2, 1] = —us, [e2, us] = u1, [e3, 5] = ey,
6.1°.1 [6[3766] ]: €2, [e?faul] = Uy, [6[37164] ]:Uh [6[4765] ]: —€6; %64766]] = s, [[64,U2]]: —ug,
€4,U3] = U2, |€5,C6] = €4, |C5, U2| = U4, |C5, Ug| = U2, |Cs, U3] = Uy, |C6, Ug] = U3,
[Ul,UQ] = €1, [U17U3] = €9, [ul,u4] = —€3, [U27U3] = €4, [’LLQ,U4] = —€5, [U3,U4] — —€g
le1, ea] = —ey, [e1, €3] = —es, [e1,e4] = €2, |1, €5] = €3, [e1, u1] = —ug, [e1, ug] = uy,
, [([32,63]]: —66,[ [62,(3]1] = —6[1, [62,]66] = 63[, [62,]Ul] = —UE, [62,]U3] = U[l, [63,]65] = €1,
6.1°.2 €3,€6| = €92, |€3,U1| = Uy, |€E3,Uq| = U7, |€4,€E5] = —€Eg, |E4,€E(| = €5, |€4,U2| = —U3,
[64,U3] = U2, [65,66] = €4, [65,U2] = Uy, [65,U4] = U9, [66,U3] = Uy, [66,U4] = Uus,
[ur, us] = —eu, [ur, us| = —ea, [ur, ug| = €3, [up, ugl = —eu, [us, ua] = €5, [us, ua] = €5
[61762] = —€y4, [61763 = —¢s5, [61764] = €2, [61765] = €3, [el,ul] = —Ug, [617U2] = Uy,
6.13.3 [62763] = —6g, [62764] = —€q, [62766] = €3, [ez,ul] = —us, [62,103] = Uy, [63365] = €1,
[63766] = €9, [63,101] = Uy, [63,1&4] = Uy, [64765] = —€g, [64766] = €5, [64,U2] = —us,
4, uz] = ua, [e5, €6] = ea, [e5, U] = s, [e5,us] = ua, [e, uz] = us, [e, us] = uz
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