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AnHotanusa. OObeKT [JaHHOrO HCC/eNOBAaHHS — CTPYKTYPhl Ha OJHOPOAHBIX MPOCTPAHCTBAX.
OnHolt M3 BaKHBIX MpoOJeM TeoMeTpPUH sBJseTCS 3ajaya 00 YCTAHOBJEHHH CBf3eH Mexay
KPUBHU3HOH U CTPYKTYypoH MHoroo6pasusi. B obiiem ciyuae 3afada uccieqoBaHUs MHOT000Opasnui
pa3NUUHBIX THIOB $§BJASETCS [OCTAaTOYHO CJ0xKHOH. [loaToMy ecTecTBeHHO paccMaTpHUBaTh
JaHHyI 3afadyy B OoJiee y3KOM KJ/acce HepelyKTHBHBIX OJHOPOAHBIX IPOCTpPaHCTB. Ecnu
OJIHOPOJIHOE MPOCTPAHCTBO SIBJSAETCS DPeAYKTHBHBIM, TO OHO BCerja AOMYyCKaeT HWHBAPHAHTHYIO
CBSI3HOCTb; €CJ/IM JKe CYIUeCTByeT XOTsl Obl OJHa HMHBapMaHTHAs CBSI3HOCTb, TO IMPOCTPAHCTBO
SIBJISIETCS U30TPOIMHO-TOUHBIM. B paboTe H3yuaroTcsi TpeXxMepHble HepelLyKTHBHbIE OJHOPOIHBIE
TPOCTPAHCTBA, JONYyCKaloll1e HHBapHaHTHble ap(pUHHbIE CBS3HOCTH TOJbKO HEHYJEeBOH KPHBU3HBbI.
OnpeneseHbl OCHOBHBIE TOHSATHS: U30TPONHO-TOYHAS Mapa, (WHBapHaHTHas1) a(hHUHHAS CBS3HOCTD,
TEH30p KPyueHHs], TeH30p KPUBM3HBI, TeH30p Pruum, skBuadduHHas (10KaabHO 3KBHADOHUHHAS)
CBSI3HOCTb, PeAYKTHBHOE NPOCTPaHCTBO. Llesbio naHHOH paGoThl sBJAsieTCs OMMCaHHe 3KBHad-
(UHHBIX (JOKaJbHO 3KBHAM(MHUHHBIX) CBS3HOCTEH Ha ONHOPONHBIX MPOCTPAHCTBAX YKa3aHHOT'O
BUIa. B OCHOBHOH uacTu paboTBl A/ TPeXMEPHBIX HepelyKTHBHBIX OJHOPOIHBIX MPOCTPAHCTB
(momyckaloLUMX HHBAPHAHTHBEIE CBSI3HOCTH TOJBKO HEHYJ/E€BOH KPHUBM3HBI) HalleHbl M BBINHCAHBI
B SIBHOM BHIe 3KBHa((HUHHbIE (J0KaNbHO 3KBHAQ(UHHBEIE) CBA3HOCTH. OCOOEHHOCTBIO METOMOB,
NpeACTaBJeHHbIX B paboTe, ABJsSeTCA NPUMEHEHHe YHUCTO aslre6panvyeckoro Moaxoia K OMHCAHMIO
MHOroo0pasuil M CTPYKTYp Ha HHUX. B 3ak/I04eHMH CTaTbM H3JI0)KeHbl MOJy4YeHHble B paboTe
pe3yJbTaTbl, KOTOpble MOTYT OBbITb NpUMeHeHbl B padoTax Mo AU(QepeHLHalbHOH TeoMeTpHH,
b bepeHIHaNbHbIM ypaBHEHHSIM, TOINOJOTHH, a Takxke B APYIHX pasfejaX MaTeMaTHKH H
(bU3UKH, a aATOPUTMbl HaXOXKJEHHUS CBS3HOCTEH MOTYT ObITb KOMIbIOTEPU30BAHBl M UCIOJb30BAHBI
IJIs1 pellleHUs] aHaJOTHYHBIX 3a7a4 B 00/bLIMX Pa3MEpHOCTAX.
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Abstract. The introduction of this article states the object of our investigation which is struc-
tures on homogeneous spaces. The problem of establishing links between the curvature and the
structure of a manifold is one of the important problems of geometry. In general, the research of
manifolds of various types is rather complicated. Therefore, it is natural to consider this problem
in a narrower class of non-reductive homogeneous spaces. If a homogeneous space is reductive,
then the space admits an invariant connection. If there exists at least one invariant connection,
then the space is isotropy-faithful. This work studies three-dimensional non-reductive homo-
geneous spaces that admit invariant affine connections of nonzero curvature only. The basic
notions, such as an isotropically-faithful pair, an (invariant) affine connection, curvature and tor-
sion tensors, Ricci tensor, an equiaffine (locally equiaffine) connection, and a reductive space are
defined. The purpose of this work is the description of equiaffine (locally equiaffine) connections
on such spaces. In the main part of this paper, for three-dimensional non-reductive homogeneous
spaces (that admit invariant connections of nonzero curvature only) equiaffine (locally equiaffine)
connections are found and written out in explicit form. The features of the methods presented
in the work is the application of a purely algebraic approach to the description of manifolds
and structures on them. In the conclusion, the results obtained in the work are indicated. The
results can be used in works on differential geometry, differential equations, topology, as well
as in other areas of mathematics and physics. The algorithms for finding connections can be
computerized and used for the solution of similar problems in large dimensions.
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Bsengenue

HuTepec x TpexmepHbiM reomerpusim nocse I'. Pumana, ®@. Kneiina u H. Y. Jlo6a-
4YeBCKOTO BO30OHOBHUJICS B CBSI3W C Pa3BUTHEM APYrux obsacTed HayKH, HanpuMmep oOliei
TEOPUHU OTHOCHUTEJBHOCTH WM TPeXMepHOH TomoJioruu. ¥. TepcToH paspaboTan MeTon HC-
CJIeI0OBaHUSl TPeXMepHbIX MHOroo6pasuii; IMPOKO H3BeCTHHI runoresa [lyankape u 6osee
oburasi rurnotesa TepcToHAa O reoMeTPU3allMKd TPEXMEPHBIX MHoroo6pasuit [1], moxasa-
TeJbCTBO KOTOphIX mpemaoxkeno ['. [lepenbmanom. [locie pabor . Kaprana (Hampumep,
[2]) dyHIaMeHTOM KM OCHOBHO#H cocTaB/siiolUled nTU(hepeHIHaIbHON TeOMETPUH SIBJISIOTCS
MOHSITHe MHOroo0Opasus, a Takxke Teopus rpynn U anredp JIu. Baxkublil nogk/aacc cpe-
IU BCeX MHOroo0pasuil (hOpMHUPYIOT HU30TPONHO-TOUHblE OJHOPOAHBbIE MPOCTpaHCTBa. B
YaCTHOCTH, 3TOT TMOMAKJACC COAEPXKHUT BCe OJHOPOJAHBbIe IPOCTPAHCTBA, [OMYyCKalollhe
UHBAPUAHTHYIO appUHHYI0 CBSI3HOCTh. «HeoOxonuMocTb CpaBHUBATh Te HWJAU HHbIE
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reoMeTpryecKHe BeJHUMHBl B Pa3HBIX TOYKaX “KPUBOro” MPOCTPAHCTBA JeJsaeT MOHSTHe
CBSI3HOCTH OJHUM K3 BaXKHEHIIWX B reoMeTpuH U pusuke» [3, c. 41]. Takxke cBsg3HOCTH —
BaKHEHIINH 00bEKT, K KOTOPOMY NPUBOJAUT FreoMeTprueckas (OpMyaHpoOBKa TEOPUH TOJS.
Llenblo naHHOH paboThl sBJseTCS OMHCAHHE WHBAPUAHTHBIX KBHAP(HUHHBIX (J0KAJIbHO
9KBHA(P(PHUHHBIX) CBA3HOCTEH HA TPeXMEPHBIX HEPeLYKTHBHBIX MPOCTPAHCTBAX, AOMYyCKAl0-
IUX CBS3HOCTH TOJIbKO HEHYJEBOH KPUBH3HBI (C OMMCAHHEM TAaKUX MPOCTPAHCTB MOXKHO
03HaKOMHTbCS B paboTe [4], B KOTOpOU MpHBefieH OoJiee MOAPOOHBIH TeMaTHUeCKHH 0630p,
a TakXe 060CHOBaHHe MPUMeHsIeMbIX METOMOB; IPH U3JI0KEHUH COXpaHeHbl 0003HaYeHMU ],
BBEJIEHHbIE paHee).

1. OcHoBHbIe ompeneeHUus

I[lycts (G, M) — TpexmepHOe OIHOPOAHOE MPOCTpPaHCTBO, rae G — rpynna Jlu Ha
MHoroo6pasuu M. 3aduxcupyeM MPOU3BOJNBHYIO TOUKy o € M u 0003HAUUM Yepe3
G = G, crabunuzaTop TOYKH o. Mi3BecTHO, uTO mMpobJjeMa K/aaccH(hHKalMKH OIHOPOIHBIX
npoctpaHcTs (G, M) skBuBajeHTHa Kjaaccubukauuu nap rpynn Jiu (G,G) Takux, 4to
G C G (cm., nanpumep, [5]). Ilocrasum B cootsetctBre (G, M) mapy (g, g) anre6p Jiu,
rne g — anre6pa Jlu rpynnsl G, a g — noga/nre6pa g, cOOTBeTCTBylollas noarpynne G.

Hszomponwolii g-modysb m — 3T0 g-MOAyab g/g Tako#, uto x.(y +¢) = [x,y] + g.
CooTBeTcTByIOllee MpefacTaBieHne \: g — gl(m) siBaseTcss uzomponuoim npedcmas-
senuem napel (g,g). [lapa (g,g) HasbiBaeTCss UBOMPONHO-MOUHOL, €C/IU €€ U30TPOIMHOEe
MpeACTaBJeHHe — HHBEKIHS.

Mexay MHBapMaHTHBIMM ad@UHHBIMK CBA3HOCTAMH Ha (G, M) M JMHEHHBIMH 0TOO-
paxeHusMu A: g — gl(m) Takumu, yto Al; = A\ U oToGpaxeHue A siBJAsieTCs g-MHBA-
PHAHTHBIM, CYIIECTBYeT B3aWMHO-OAHO3HauHOe cooTBeTcTBUe (cM. [6]). Bynem HaseiBaTh
Takue 0ToOpaXkeHus (UrBapuaHmHoimu) agpdunroimu ceszqocmamny Ha nape (g, g). Ecau
BO3MOXHa XOTs1 Obl OJIHA CBSI3HOCTb Ha mape (g, g), TO Takas mapa siBJsieTCsi U30TPOIHO-
TouHo# (cM. [7]). [TocKo/IbKY TE€H30pbl KPUBU3HBI U KPYUYEHHs] HHBAPUAHTHBI OTHOCHUTEJIb-
HO neidcTBHUs rpynmnbl JIu GG, TO OHH OHO3HAUHO OMPEAEJSIIOTCS TEH30paMU Ha KacaTesib-
HOM MPOCTPAHCTBE K MHOT000DA3HI0, MPUUEM 3TH TEH30Pbl HHBAPHAHTHBI OTHOCHTEJNBHO
M30TPOIMHOrO IeHUCTBHSI.

Tensopo. kpyuenus T € InvTy'(m) u kpususmuo R € Inv Ty (m) aas Beex x,y € g
MUMEIOT COOTBETCTBEHHO BH[

T(Tm, Ym) = AM@)Ym — AY) T — [2, Y] s
R(:L‘m, ym) = [A(l’), A(y)] - A([:L‘, y])

Bynem roBoputh, uTo A MMeeT HyJeBOe KPydeHHe HJIH SIBJISETCS CB3HOCThbIO Ge3 Kpyde-
Husi, ecnit T = 0. B 3ToM ciyuae vMmeeT MecTo mepBoe TOXKAECTBO DbsiHku: R(x,y)z +
+ R(y,z)x + R(z,z)y = 0 nsis Bcex z,y,z € m.

Omnpenenum men3op Puuuu Ric(y,z) = tr{e — R(x,y)z}. Bynem roBopurs,
uto ad@uHHAs CBA3HOCTb A SABJSETCS A0KAAbHO dKeuappuunol, ecan trA([z,y]) =
= 0 gona Bcex z,y € g (r.e. A([g,g]) C sl(m)). AdbopunHas cBA3HOCTH C HYy-
JIEBBIM KDPYYEHHEM HMeeT CUMMEeTPHUYeCKUH TeH30p Puuuu Torma u TOJBKO TOTAA, KOT-
na oHa JokasbHO 3KBHadduHHA [8]. IeiicTBUTesbHO, Ric(y,z) — Ric(z,y) = tr{z —
— R(z,y)z — R(x,z)y}. C ydyetoMm mepBoro ToxkzuecTBa DBbsHku mosayudaem Ric(y,z) —
— Ric(z,y) = tr{z —» —R(y,z)z} = trR(y,z). Iockonbky Ric(y,z) — Ric(z,y) =
= —tr(A(y)A(z) — A(2)A(y) HtrA([y, 2]) = trA(ly, z]), Tensop Ric cumMmerpuueckuil Torna
1 ToJbKO Torza, Korna trA([y, z]) = 0 nas Bcex y, z € g. Ilon aksuaggunnoii ceasnoc-
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moio OyneM noHuMath ap@UHHYI CBA3HOCTh A (6e3 KpyueHus), Aasi KoTopoil trA(z) =0
1Sl BceX = € g. B atom caydae oueBunaHO, uto A(g) C sl(m).

Toro, 4To mapa siBsieTCs M30TPOMHO-TOUHOH, HENOCTAaTOYHO JJIsi CYIIEeCTBOBAHHS
VHBapUAaHTHBIX CBsA3HOCTeH (cM., Hampumep, [9]). OnHopoanoe mpoctpanctso G /G pe-
dykmusro, ecau anre6pa Jiu g nas G MokeT ObITb Pas/oXkeHa B MPSIMYI0 CyMMY Bek-
TOPHBIX MPOCTpaHCTB — ajrebpsl JIu g nasg G v ad(G)-HHBAPHAHTHOTO MOAMPOCTPAHCTBA
m, T.e. e g =g+ m, g[)m = 0; ad(G)m C m. Bropoe yc/ioBie Bieuer [g,m] C m u
Hao60poT, ecad (G CBsA3HA. DTOT KJAcC OJHOPOIHBIX MPOCTPAHCTB BBeJ B PACCMOTPEHHE
[1. K. Pamesckuiéi [10], y pepyKTHBHBIX MPOCTPAHCTB IPH MapasjeSbHOM IepeHoce
COXPAHSAIOTCS TeH30p KPUBU3HBI M TeH30p KpydeHus. Ecin G /G penyKTHBHO, TO OHO BCer-
Jla IoMycKaeT HHBAPMAHTHYIO cBA3HOCTD [7]. Bee HepenykTuBHbIe npocTpanctsa G /G, 1o-
MycKarwllye HHBapHaHTHbIe ap(@UHHbIE CBA3HOCTH, KPUBHU3HA KOTOPBIX HE MOXKET OBITh HY-
JieBoH, TpuBenieHbl B [4]. Halinem skBuadduHHbe (10KaJbHO 3KBHA(D(UHHBIE) CBSI3HOCTH
Ha TAaKHUX MPOCTPAHCTBAX.

Bynem onpenensitb napy (g,g) Ttabauueil ymHoxeHus anre6pel Jlu g. Yepes
{e1,...,e,} Oymem o6GosHauath 6aszuc g (n = dimg). [lonaraem, uro anrebpa Jlu g
MOPOXKIAETCS €1,...,6, 3. [IycTb {u; = €,_2, uy = €,-1, uy = e,} — 6asuc m. by-
IleM ONHChIBaThb appuHHYy0 (3KBUAP(UHHYIO) cBsISHOCTD uepe3d A(uy), A(uq), A(us) (mmo-
CKOJBKY Al; = )), 3amuiieM TeH30p KpydeHust ero sHaueHMAMH T'(uq,usz), T(uq,us),
T(ug,u3). Hnsg ccblikd Ha mapy OyneM HCIONb30BaTh 00o03HayeHwe d.n.m, rae d —
pa3MepHOCTb nopanrebpel, n — HoMmep nonanre6psl B gl(3,R), a m — HoMep mapsl (g, g),
COOTBETCTBYIOIIHE MpHBeIeHHOMY B [4].

2. Onucanue 3xkBUa(P(PUHHBIX CBA3HOCTEN Ha HEPEIYKTUBHBIX MPOCTPAHCTBAX
B pa6ore [4] mosydyeH cienyroni pe3ysbTar:
Teopema 1. [ Eciu wnepedykmusHnas napa (g,9), codimgg = 3, donyckaem

uUHBapuarmHole a@unHble C813HOCMU MOALKO HeHyresol KpususHbl, mo g C gl(3,R)
aKBUBANEHMHA 00HOU U3 caedyroujux nodareebp:

Ty u T oz x Yy oz
(A, 1) = (0,1/2);
421 x =z} 3.25. yl 3.20  Ax ,
(A ) = (1/5,2/5);
T
y y x
2.13. y | 2.20. -1.5.

30ecv npednoisacaemcs, uUmMo nepemeHHvie 0003HAUEHbL AAMUHCKUMU Oykeamu u
npurumarom sce 3navenus u3 R, a napamempor obo3nauaromes epeveckumu bykeamu,
nodaseebpol € pasSAUYHbIMU 3HAYEHUAMU NAPAMEMPO8 He COonpsceHv. Opye Opyey.
Basuc nodanzebpor b6ydem svibupams, npudas 00HOU U3 AAMUHCKUX NepemeHHblLx
snauenue I, a ocmanrvHoim 0, Hymepayus 6a3UCHbLX 86KMOPO8 cOOmMeemcmaeyem aa-
Gpasumy.

Il. Jlvbas nepedykmusnas napa (g,¢) muna 4.21, donyckarou,as uHeapuaHmHole
appurHble C843HOCMU MONLKO HEHYAEB0U KPUBU3HbL, IKBUBANEHMHA 0OHOU U MOAbKO
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&N

oonoil us nap 4.21.24, 4.21.25 (6 = 0,1 coomsemcmeaeno):

4.21.24(25).| e1 ey e €4 Uy Us Us
e1 0 0 e3 €4 U1 Ug 0
€9 0 0 €y 0 0 Uy €9
e —e3 —eg 0 0 0 0 U
‘. e 00 0 0 0 LA
Uy —u; 0 0 0 0 0 ey
Uo —uy —u; 0 0 0 0 aes + 0eq — Us
Us 0 —ey —up —e4 — U] —ey —es — 0ey + Us 0

Jlobas nepedykmusnasn napa (g,9) muna 3.20, donyckarou,as uHeapuarmmoLle ag-
QuHHble C8A3HOCMU MOALKO HEeHYAeB0l KpUBU3HbL, IKBUBANEHMHA OOHOU U MOAbKO

odnotl usz nap 3.20.22, 3.20.27:

3.20.22. el es es Uy Us Us
el 0 ea (1/2)es  wy 0 (1/2)ug
€2 —ey 0 0 0 Uy 0
es —(1/2)es 0 0 0 es u
Uy —Uq 0 0 0 2uq 0
Us 0 —Uy —es3 —2uy 0 e3 — U3
Us —(1/2)us 0 - 0 —e3+us 0
3.20.27. €1 €9 e3 UL U U3
el 0 (4/5)es (3/5)es uy (1/5)ug (2/5)us
) —(4/5)es 0 0 0 0
es —(3/5)es 0 0 0 e Uy
Uy —Uy 0 0 0 0 0
uy | —(1/5uy —uy  —ey 0 0 es
ug | —(2/5)us 0 —u; 0 —es 0

Jlobas nepedykmusnasn napa (g,9) muna 3.25, donyckarow,as uHeapuaHmmole ag-
QuHHble C8A3HOCMU MOALKO HeHYyAeB0l KpUuBU3Hbl, IKBUBANEHMHA OOHOU U MOAbKO
o0Holl us nap 3.25.25, 8.25.26 (npu 6 = 0,1 coomsemcmeaerHo):

3.25.25(26). | e e9 es Uy Uy Us
el 0 O € 0 Uy el
€9 0 0 0 0 0 Uy
es3 es 0 0 0 0 —es+uy
Uy 0 0 0 0 0 aes + (1 + fug
Us —u; 0 0 0 0 des + aes + [us
Us —ep —uy e3 —uy —aey — (L + Plug —deg — aeg — fug 0

a < —(B+1)%/4.

JIrbas Hepedykmusnas napa (g,9) muna 2.13, donyckarowas uHBapUarmHble ag-
QuHHble CBAZHOCMU MOALKO HEeHYAeB0l KPUBU3HbL, 3KBUBANEHMHA OOHOU U MOAbKO
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odrnotl usd nap 2.13.7, 2.13.8, ede

2.13.8. €1 €9 (751 (25) us
el 0 0 0 Uy Ug
€ 0 0 0 0 e + Uy
1/4 — /2
s 0 0 0 0 o, 0 P72
U9 —U1 0 0 0 ﬁ€1 + Qus
U3 —Uy —€9 — U —au; —fe; — aus 0

a 2.13.7 cosnadaem ¢ 2.13.8 kpome [uz, uz] = (1 — a)e; + es + aug, o # 3/2.

Jliobas nepedykmusnasn napa (g,9) muna 2.20, donyckarowas uHeapuarmrole ag-
(uHHble c8A3HOCMU MOALKO HEeHYAeB0U KpUuBU3HblL, IKBUBANEHMHA OOHOU U MOALKO

oonotl us3 nap 2.20.3, 2.20.6, 2.20.8, 2.20.9, 2.20.12, 2.20.14, 2.20.22:

2.20.3, 2.20.8. el €9 Uq Us U3
el 0 0 0 e1+ up 0
€9 0 0 0 oer + e U Cs—o0.1,
U7 0 0 0 2uq 0
Us —e; —uy —0e; —ey —2uy 0 €y — U3
U3 0 —Uq 0 —e9 + U3 0
2206.| e1 ey u; uy us 2.20.12,2.20.14. | e € Uy Us U3
el 0 0O 0 u O e1 0 0 0 Uy —2eq
€9 0O 0 0 e wu €9 0 0 0 de; —eqg +ug
Uy 0O 0 0 0 07 Uy 0 0 0 0 —3uy
Us —u; —e; 0 0 e9 Us —u; —oe; 0 0 €y — Us
U3 0 —up 0 —ey O U3 2e1 eg — Uy Uy Uy — €9 0
0= =+1,
2.20.9. el ey Up Us U3
el 0 0 0 Uy aeq
€9 0 0 0 0 up + (a+ 1)es
Uy 0 0 0 0 200
Us —Uy 0 0 0 e1 + auo
Us —ae; —up — (a+1)es —2au; —ep — augy 0
2.20.22. el €9 Uy Uo Us
el 0 0 0 Uy aeq
€9 0 0 0 er up+ (a+1)ey
Uy 0 0 0 0 (= 1Dug
Us —Uy —ey 0 0 —Us
Us —aey —u;— (a+1)es (1 —a)uy g 0

Jlrobas nepedykmusHnas napa (g,9) muna 1.5, donyckaroujas unsapuarmmuoie ag-
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GuHHbLe CBASHOCMU MOALKO HeHyAe8ol KpususHol, skeusarenmna 1.5.21, eoe

1.5.21. el Uy Uy Uy
el 0 0 e w
Uq 0 0 wu; —e .
Usy —e; —u; O 0
U3 —u; e 0 0

JlokazaTesibcTBO TeOpeMbl IPUBENEHO B [4].

Hcnoap3yst nprBeleHHYIO0 K/1aCCH(PUKALMIO TPeXMEPHbIX HepelyKTHBHbBIX OJHOPOIHBIX
MPOCTPAHCTB, He NOMYCKAIOUIHUX CBSI3HOCTEH HYJEeBOH KPHUBU3HBI, HaWJIeM 3KBHA(P(PUHHbIE
(yroKasmbHO 3KBHA((UHHBIE) CBSI3BHOCTH HA TMPOCTPAHCTBAX YKA3aHHOTO BUIA.

Teopema 2. [lycmo (g,9) — mpexmeproe HepedykmusHoe 00HOPOOHOE NPOCMpa-
cmeo, donycKkaruiee UHBAPUAHMHbLE CBA3HOCMU MOALKO HeHYAe80l KpususHol (npuse-
denroe 8 meopeme 1). Jlokaroro aksuagpunnoie cesznocmu (6e3 kpyuenus) Ha (g,g)
umerom 6ud, npusedennvitl 8 maba. 1 (3deco u dasee p;j, qij, rij € R (i,j =1,3)).

Tabauua 1 / Table 1
Jlokaavno akeuagppurnas cessnocme / Locally equiaffine connection

Ilapa Jlokaavro aksuagpurraa ceazrnocmo
Pair Locally equiaffine connection
0 0 P13 0 0 0 P13 0 0
4.21.24, 4.21.25 00 0 |,[]00 psg || 0O ps+l 0
00 O 00 O 0 0 2p13+1
000 000 000
3.20.27 0O0O01]J,1 O0O0T]]| O0O0O
000 010 000
0 P12 0 P12 — 2 0 0 0 0 71,3
3.20.22 0 0 0 |, 0 2p12 — 2 0 ,/ 0 0 0
0 0 0 0 0 pr2—1 0 pi2 O
00 pi33 00 0 pi3—p-1 0 1,3
3.25.25, 3.25.26 00 0 |,[0oo0ps | 0  pi3B 0
00 O 00 O 0 0 2p1 3—0—1
00 p13 0 1/2 a3 P13~ Q1,3 1,3
2.13.7, 2.13.8 00 pa2 [,] 0 0 1/24p1s || 0 pisga+l/2 2¢3
00 O 0 O 0 0 0 2p13—a+1
2.20.3(5 = 0) 0p120 Pl2—2 Q2 71,3 0 q13 11,3
2.90.8(0 = 1) 0 0 0 [ 0 2p1p-—1 0 ,{ 00 0
0 0 O 0 1) P12 — 1 0 P1,2 0
0 pi2 pi13 P12 Q12 @13 P13 Q13 T13
2.20.6 0 0 0 y 0 2p1’2 p1’3 s 0 p173 0
0 O 0 0 I pie 0 pi2 2pm13
0 p12 P13 P2 q12 Q13 P32 @13 1,3
2.20.9 00 0 || 02m2ps || 0 pisa 0 , npu o0
00 O 0 0 pio 0 P12 2p13—o+l pr2 =0
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Oxonuanue maba. 1 / Table 1 (continued)

Tlapa Jlokanrvro aksuappurras cesa3nocmo
Pair Locally equiaffine connection
00 p1s 0qie2 13 pi3—a+1l q3 1,3
2.20.22 00 0 |, O 0 pis |, 0 p13+1 0
00 0 01 0 0 0 2pi13+2
2.20.12(5 = 1) 0 0 pi3 0 q12 @13 P3+3 T2 1,3
20014(6=—1) | | 00 O [{ 0 0 pms || O ps+l 0
00 O 0 o 0 0 0 2pi3+2
0 pi2 p13 rm2—1 q2 @3 P13 @13 T3
1.5.21 0 0 0 y 0 q2,2 QQ,3 5 0 QQ73 7“273
0 0 0 0 0 pi12—2 0 pi2 2pi3

Ixsuagpunnole ceaznocmu umerom 8ud, npusederHoili 8 maba. 2.

Tabauya 2 / Table 2
Iksuappunnasn ceaznocme / Equiaffine connection

Tapa Ixsuappunnas cesazHocmo
Pair Equiaffine connection
5 95 95 0 0 38/4+1/2\ [0 0 0 —B/4-1/2 0 s
s e 20 00 0 oo 3,6’/4+1/2 , 0 —B/4+1/2 0
00 0 00 0 0 B/2
5 13.7 00 3a/4-3/8 01/2 aqigs —a/4-3/8  qi3 13
o1 00 p2 |[,f0 0 3a/4+1/8 0 —a/4+1/8 2q3
00 0 00 0 0 a/2+1/4
2.20.3 (5=0) 010 -1 Q1 2 Q1 3 0 q13 713
2.20.8 (§=1) 00010 000
000 0 0 0 1 0
000 0 12 @13 0 Q1 3 T13
2.20.6 00 01,10 0 0 0 0
0 00 0 0 0 0
00a—1/4 0qi2 qi3 —04—1/4 Q3 T3
2.20.9 00 0 oo a—1/4 —1/4 0
00 0 0 0 a+1/2
00 1/46!—1 OQ12 q13 —3/4a q13 7"173
2.20.22 00 0 ;1 0 0 1/4a —1 0 1/4a 0
00 0 0 1 0 1/2«
2.20.12 (5=1) 0 0 —3/2 0 q12 @13 3/2 T2 T3
2.20.14 (4——1) 00 o0 |.lo o =32/ o -12 0
0 0 0 0 ¢ 0 0 0 -1
0 pi12 P13 p2—l  q2 Q.3 P13 qL3 T3
1.5.21 0 0 0 , 0 —2p12+3 —3p13 | 0 —3pi3 7123
0 0 0 0 0 P1,2—2 0  p2 2pig3

B cayuanx 4.21.24, 4.21.25, 3.20.27, 3.20.22 (g,g) He donyckaem 3K8uapOuUHHbLX

cesi3Hocmell.
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Joka3sareabcTBo. [[15 KaxK[no¥ napsl, NpUBeJeHHON B TeopeMme 1, HalaeM 3KBHad-
¢uHHble (70KaJMbHO 3KBUHApGUHHBIE) cBsI3HOCTH. Hanpumep, B cayuasnx 4.21.24 u 4.21.25
apuHHAsA CBA3HOCTb MMeeT BUJ

00 P13 00 qi3 1 —q13 0
0 0 0 y 00 P13 y 0 (AN] +1 0
00 0 00 0 0 r1+pis+1l

Tensop xpyuenus B cayuasx 4.21.24, 4.21.25 npunumaer suz (0,0,0), (p13—71.1,0,0),
(2¢13,p1.3 — r11,0). CooTBercTBeHHO, 1" = 0 mpU 711 = P13, 13 = 0. B 3TUX cayuasx
CBSI3HOCTb SIBJISIETCSI JIOKa/MbHO 3KBHadhUHHOH, mockoabky trA([y,z]) = 0 nas Bcex
Y,z € g. CBA3HOCTb He sBJsieTCS 3KBUA(DPUHHON NpH JIOOBIX 3HAUYEHHSX MapaMeTpoB,
TaK Kak Jaxke A(g) He MpUHAINEKHUT sl(m).

Ananornuno B ciyuae 3.20.27 adpdrHHAs CBA3HOCTb HMeeT BHJ

o O O

000 000
000 |, 000 [,
000 010

o O O
o o O

TEH30p KPYUeHHsl HYJEBOH, CBSI3BHOCTb SIBJISETCS JIOKAJIbHO 3KBUA(PHUHHOM, MOCKOJbKY
trA([y, z]) = 0 nnist Bcex y, z € @; CBA3HOCTh He sIBJsETCS SKBHAapPUHHOM, Tak KaK gaxe
A(g) He MpUHALJIEXKHUT sl(m).

B cnyuae 3.20.22 addunHHas CBA3HOCTb MUMEET BUT

0 pi2 0 q11 0 0 0 0 rig

o 0 0], 0 qi1+pi2 0 ; 0 0 ,

0 0 0 0 0 qii+1 0 pip 0
TeH30p KpydeHus — (pi2—qi1—2,0,0), (0,0,0), (0,0,¢1.1 +2—pi2), T = 0 npu
@11 = P12 — 2, TOrJa CBSI3HOCTb SIBJISETCS JOKAJbHO SKBHAM(PUHHOH, MOCKOMbKY
trA([y,z]) = 0 mia Bcex y,z € §; CBA3HOCTb He sBJsieTcs 3KBUADOHUHHOH, TaK Kak

naxe A(g) He mpUHALJMEXKHUT sl(m).
Addunnas cBA3HOCTb B cayuasx 3.25.25, 3.25.26 umeeT BUI

0 0 pi3 00 qi3 1 —q13 1,3
0 0 0 s 0 0 pl,g s 0 Tl,l + 1 0 s
0 0 0 0 0 0 0 T11 +p173

TEH30p Kpy4deHHUd — (0,0,0), <p173 — T — 1 - ﬂ,0,0), (291,3,171,3 — 711 — 1 - 570)
CoorserctBeHHO, 1" = 0 npu 711 = p13 — B — 1, ¢1,3 = 0, CBA3HOCTDb SABJIAETCS JIOKAJNbHO
sKBHaQPUHHOH, nocKonbKy trA([y, z]) = 0 nasa Bcex y,z € g. CBA3HOCTb SIBJISETCS K-
BUappuHHON npu trA(z) = 0 nsis Bcex © € g, T.e. npH 3r1 1 +p1 3+ 1 = 0, cjenoBarensHo,
4]9173 - 35 —2=0.

Addunnas cBasHocTh B cayuasx 2.13.7, 2.13.8 nmeer BUx

0 0 pi3 0 1/2 71,3 1,1 712 71,3
0 0 pi2 |, 0 0 1/2+pmgs |, 0 m1+1/2 rao+aqs ;
00 O 0 0 0 0 0 riatpig+1
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teHsop kpydenus — (0,0,0), (p13 —ri1 — @,0,0), (q13 — ri2,p13 — 711 — «,0). Coor-
BeTCTBeHHO, 7' = 0 NpH r1; = P13 — &, T'12 = (1,3, CBA3HOCTb SIBJISETCS JIOKAJNbHO K-
BUaddUHHOM, mockonbKy trA([y, z]) = 0 nnis Bcex y, z € g. CBA3HOCTD SABJSETCS dKBUAD-
¢uHHO# npu trA(x) = 0 ans Bcex x € g, T.e. IpH 3r11 + p13 + 3/2 = 0, caenoBaTesNbHO,
4p173 —3a+ 3/2 =0.

Addunnble cBsizHOCTH 115 nap Tuna 2.20 UMerT CJIefyOIUN BUI!
2.20.3 (6 =0), 2.20.8 (6 =1)

0pi2pis qi,1 qi1,2 q1,3 1,1 71,2 1,3
O 0 0 ’ 0 Q1,1+p1,2 + 1 p1,3 ) O Tl,l 0 ) (5 = 07 17
00 O 0 0 qi,1+1 0 prarii+pis
2.20.6
0 pi2 g3 qi,1 q1,2 q1,3 11 71,2 1,3
0 0 0 ) 0 qiitpiz P |, 0 7 0 ;
0 0 0 0 1 qi1 0 pig rig+pig3

92.20.9 (5 = 0), 2.20.22 (§ = 1)

0pi2pis qi1 q1,2 q1,3 1 T2 1,3
00 0 ; 0 qi1i+pi2ms |, 0 rmi1+a 0 , 0=0,1,
00 0 0 0 q11 0 pi2 mit+tpszta+l

2.20.12 (5§ = 1), 2.20.14 (§ = —1)

0 pi2 P13 q11 q1,2 q1,3 1,1 1,2 71,3
o 0 0 ], 0 qi+pi2 M3 | 0 ry—2 0 , 0==1
0O 0 0 0 ) Q1 0 pi2 mait+tms—1

Tensop kpyuenus B caydasx 2.20.3, 2.20.8 umeer Bum (p12— 11— 2,0,0),
(p13—711,0,0), (13 —712,P13 —T11,q11 +2 — p12), AHAJOTMYHO BbILIEH3T0KEHHOMY
T'=0mn0pu 110 = p12— 2, "1 = P13, T2 = (1,3, CBA3HOCTb fBJIAETCHA JIOKAJbHO 3K-
BUa(QPUHHOH, ecsu, KpoMe TOro, 3ri; + p1g = 0, TOCKONBKY [ug, u3] = ey — ugz, TOrAa
trA(ea—u3) = 0, T.e. p1 3 = 0; CBA3HOCTb ABJsETCS SKBHADPUHHON NPH 3¢ 1 +p12+2 = 0,
3r11+p13=0, e npu p13 =0, p1o=1.

B cayuae 2.20.6 tensop kpyueHust — (p12 — ¢1,1,0,0), (p13 —711,0,0), (13 — 12,
P13 — Ti,q — pi2), = 0 0pu qii = pi2, "1 = P13, T2 = (i3, TOraa
CBSI3HOCTb §IBJISIETCS JIOKAJbHO 9KBHA(P(HUHHOH; CBA3HOCTb SBJIAETCS dKBUAD(DUHHOU IIPH
311+ p12=0,3r,1+p13=0, 1e. mpu p;3=0, p1o=0.

B cJaydae 2.209 — (pl’g — qu,0,0), (pl’g —T11 — 20(, 0,0), (ql’g —T12,P13 —T1,1 —
— 20,q11 —p1,2), T =0 mpu g1 = pi2, "1 = P13 — 20, T2 = (1,3, TOraa MpH
a = ( CBS3HOCTb SIBJISeTCS JIOKaJbHO 3KBHADPUHHOH, a mpu « # (0 — TOJNBKO €ecJu
3¢11+p12 =0, T.e. pu p; 2 = 0; CBA3HOCTD sABJACTCA SKBUAMD(OUHHOHN NPH 3¢ 1 +p12 = 0,
37’1’1 + P13+ 20+ 1 =0, T.e. P13 = — 1/4, P12 = 0.

B cayusx 2.20.12, 2.20.14 — (p12—¢1.1,0,0), (p13—711+3,0,0), (13 — 712,
Prs—T11+3, 1 —p12), T =010pu ¢11 = p12, 11 = p13+ 3, "2 = ¢1,3, CBA3HOCTb
ABJIAETCS JIOKAJbHO 3KBUA(M(MHUHHOHU, €C/H, KpOoMe TOoro, 3¢i1 + pi2 = 0, T.e. p1o = 0;
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CBSI3BHOCTDb fABJIA€TCH 9KBHAPDUHHOA NPH 3¢ 1 + P12 = 0, 3ry; +pig —3 =0, T.e. npu
P13 = —3/2, p12=0.

B cJaydae 2.20.22 — (p172 — 11, 0, 0), (p173 - — o -+ 1, 1, 0), (ng —T2,P13—T11 —
—a+ 1,1 —pi2), T=0m0pu 11 = p12, "1 = P13 — @+ 1, 712 = q1,3, CBA3HOCTD
ABJISIETCS JIOKAJAbHO 3KBHA((MHUHHOMU, €CsiH, KpoMe TOro, 3¢ii + pi2 = 0, T.e. p1a = 0;
CBASHOCTDb fBJIETCA 3KBUAPMUHHOU NPH 3q1 1 +pi2 = 0, 3rip +pi3+2a+1 =0, T.e.
P13 = CY/4 -1, P12 = 0.

Addunnas cBasHocTb B cayudae 1.5.21 umeer BuI

0 pi2 P13 11 12 q1,3 ™1 Ti2 1,3
0 0 pog3 ) 0 @22 42,3 ) —P23 T22 72,3 )
0 0 0 0 0 qa—1 0 pi2 m1+mpgs

a TEeH30p Kpy4deHHd — (p1,2 — Q11 — 1,0,0), (p1,3 - 7‘1,172]92,3,0), (91,3 — 712,423 — T'22,
Qi1+ 1 —pl,z), T = 0 npu d11 = P12 — 1, 1,1 = P1,3, P2.3 = 0, 1,2 = (q1,3, T2,2 = (2,3, TOTA
CBSI3HOCTb SIBJISIETCS JIOKAJbHO 3KBUA(P(MUHHOH; CBA3HOCTDH fBJsETCS 3KBUAP(UHHOH MpH
2(]1’1 + 42,2 — 1= 0, 27”1,1 -+ 2.2 +p173 = 0, T. €. TIpH 22 = —2])172 + 3, 42,3 = —3])173, TaKUM
00pa3oM, CBSI3HOCTH MMEIOT BUJ, NPUBEEHHbIH B TeOpeMe. O

3akJrouyeHue

B pa6ore /s Bcex TpeXMepHBIX HepelyKTHBHBIX OJHOPOAHBIX MPOCTPAHCTB (HOmyc-
KalOIHMX WHBAPUAHTHBIE CBSI3HOCTH TOJIbKO HEHYJIEBOH KPHUBH3HBI) Hal[eHBl U BBINHACAHbI
B SIBHOM BH[e 3KBHappuHHblE (J0KaabHO 3KBHad(HHHBIE) cBsi3HOCTH. [losydyeHHBIE pe-
3ylbTaThl MOTYT OBITH TpHMeHeHbl B paborax no AuddepeHLHATbHON TeOMeTPUH, NUD-
(pepeHLMAIbHBIM YpPaBHEHHUSIM, TOMOJOTMH, B TEOPUU INpelCTaB/eHUH, a TaKKe B APYTHX
pasjienax COBpeMeHHOH MaTeMaTHKH U B TeOpeTHUecKOH (pU3HKe, METO/bl, HU3J0KEHHbIE
B paboTre, MOryT ObITb NpPUMEHeHbl [Js aHa/lu3a (PU3UYeCKUX MojeJieil, a aJropuTMbl
HaXO0XKJeHHS CBS3HOCTEH MOryT OBITh KOMIBIOTEPU30BAHbl U MCIIOJIb30BAHB! JJIsl pelleHHs
aHaJIOTMUHBIX 3a/lau B GOJ/IbIIMX Pa3MEPHOCTSX.
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