MATOMATHIKA 87

VJIK 513.82

Anexcanop Anopeesuu FQ0o6', Enena Banepvanosna Apaduux?,
JImumpuii Cmanucnaeosuy Apaduux’®, Enena Bauecnasosena Kucuniox
Ykano. uz.-mam. nayx, doy., doy. kag. anzebpui, 2eomempuu u MAMEMAMULECKO20 MOOCTUPOBAH
bpecmckoeo cocyoapcmeennozo ynusepcumema umenu A. C. Ilywkuna
2ylmmeﬂb mMamemamuku u ungopmamuxu sumuasuu 2. Ipyscanoi
$yuumens mamemamuxu u ungpopmamuxu CLI Ne 5 2. Ipyxcar
*npenodasamensv-cmasicep Kagh. npuKIAOHOT MAMEMAMUKIU U UHDOPMAMUKL
bpecmcroeo eocyoapcmeennozo ynusepcumema umenu A. C. Ihywkuna
Aleksandr Yudov', Yelena Arabchik?, Dmitrij Arabchik®, Yelena Kisilyuk*
'PhD in Physics and Mathematics, Assistant Professor,
Assistant Professor of the Department of Algebra, Geometry and Mathematical Modeling
at the Brest State A. S. Pushkin University
*Teacher of Mathematics and Computer Science of the Gymnasium of Pruzhany
*Teacher of Mathematics and Computer Science of the Secondary School nr 5 of Pruzhany
*Rainee Teacher of the Department of Applied Mathematics and Computer Science
at the Brest State A. S. Pushkin University
e-mail:modelmath@brsu.brest.by

NTNOPEPEHIIUAJIBHASI TEOMETPHUSI OJJTHOPOJIHBIX IPOCTPAHCTB
CO CTPYKTYPHOM I'PYIIIION —
I'PYHNIIOM JIM IBUKEHUMA ITPOCTPAHCTBA Lg

4

Lenvro uccreoosanus sseniemcs Kiaccupurayus 0OHOPOOHBIX PEOYKMUBHBIX NPOCMPAHCME C (yHOa-
MeHmanbHOU epynnoil — epynnou Jlu deusicenuti npocmparncmea Ls u 6cex ux pedyKmueHbIX 0ONOIHeHUll, 6bi-
YuceHue meH30pP08 KPUBU3HLL U KPYUEHUs UHBAPUAHMHBIX APPUHHBIX C8AZHOCMEN, HAUOEHHBIX PEOYKMUBHBIX
00HOPOOHBIX NPOCMPAHCME.

Differential Geometry of Homogeneous Spaces with Structure Group —
the Lie Group of Motions of the Space Lg

The aim of the study is to classify homogeneous reductive spaces with a fundamental group — the Lie
group of motions of the space Ls and all their reductive complements, to calculate the curvature and torsion
tensors of invariant affine connections, found reductive homogeneous spaces.

BBenenue

['eomeTpuss OTHOPOAHBIX TPOCTPAHCTB SBISIETCS OOBEKTOM HCCIIEOBAHUS MHOTHX
OTEUECTBEHHBIX U 3apyO0eKHBIX YUEHBIX YK€ Ha MPOTsHKeHUU Oolee cta jer. B aToit obmactu
pabortanu 3. Kapran, I'. Beitnp, 1. K. Pamesckuii, K. Homunzy, 11I. Ko6ascu, B. . Benep-
HUKOB, A. C. ®enenko, . B. bensko, B. banamenko, C. I'. Kononos, A. A. FOnoB u np. Cpenu
OJTHOPOJIHBIX MPOCTPAHCTB OCOOCHHO BaKHBIC MPUMEHEHHUS HAXOJUT TEOPUS PEAyKTHUBHBIX
OJIHOPOJIHBIX IPOCTPAHCTB C PA3JIMYHBIMU CTPYKTYPHBIMHU T'PYIIAMH, B YACTHOCTH, C TPYI-
namu JIu aBuxeHu# (TICEB0)EeBKINIOBBIX MPOCTPAHCTB PA3TUIHON PA3MEPHOCTH.

B pabote uccnenyroTcsi OAHOPOIHBIE IPOCTPAHCTBA, CTPYKTYPHOM TPYION KOTOPBIX
ABJISIETCS Tpynna JIu qBukeHui pocTpancTsa L.

1. Knaccudukanus pelyKTUBHBIX MPOCTPAHCTB ¢ GyHIaMEHTAJBHOM IPynnoi —
rpynmnoii JIu nBu:keHunii npocrpancra L,

Onpenenenne 1. OmnoponHoe mpoctpadctso H / G, HasblBaeTCs peLyKTUBHBIM,

ecnu anredpa JIu H rpynnsl JIu H pacniagaercst B npsMyro CyMMY MOAIPOCTPAHCTB!

H=m+G,, (1)
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IpUYEM MOANPOCTPAHCTBO M uHBapuaHTHO oTHocuTenbHo AdG;, rne adG; — npucoenu-

HeHHoe npezcTasienue anreopst JInu G; .

PaccmoTpum ognopoanoe npocrtpanctso H /S, rae S, — noarpynna Jlu rpynmnsl Jin

H BpameHunii mATHMEPHOTO JIOPEHIIEBA TPOCTPAHCTBA, HMerolTast anrebpy Jln S, = {il3}, rue

I[JI?I peICcHrA CUCTEMBI MHBApPUAHTHOCTU
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Takum 00pa3oM, peTyKTUBHOE JIOTIOJTHEHHE M = {Xl, Xy sy Xg} 3aJ1aeTCs BEKTOPAMH:

X, =1, + A,
X, =i9+ﬂi17’
X,y =i, +3i,,
X, =l +0i,
Xo =i, +Si,, )
X =lyg +1i5,
X, =g+ pi,
Xs =i10+qi17v
Xg =lpg +ri;.

Ucnonb3ys Tabauily KOMMYTaTOPOB U 0003HaYast a = I;5, MoIyuum
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[a, Xl]: [a1i7]+ﬂ“[a’ i17]: —lg,
[a, X, ]=[aig |+ plaiy, ] =17,
[a, X, ]=[ai, ]+ daiy, ] = iy,
[a, X4]: [av i16]+ G[a’ i17] =i,

[a’ Xs]: [a’ i14]+ S[av il7] = by, 3)
[a, X ]=[a,is ]+ tlaiy; ] = iy,
[a, X7]= [a'i8]+ p[a,i“]: 0,
[a’ Xs]: [a’i10]+ q[a,i17]: 0,
[a’ xg]: [a'i13]+ r[a,i17]: 0.

PaccMoTpHM NHHEHHYI0 KOMOUHALIMIO BEKTOPOB X ..., Xg !
o, (i + A, )+ B, (I + piyy )+ 7, (1, + iy )+ 6, (i + 0y, ) + @, (i +Siy; )+ &, (i +1i; ) +
+¢ (I + piy; )+ 77, (g + iy )+, (g + Ty ) = iy + Biig + 7, + Sl + @4y, + 4)
+E g + By + iy F Wi + iy (A + B+ 7,9+ 60+ oS+ e+ G P+mq+yir).
CpasuuBas ¢popmyiy (4) ¢ nepBoit popmynoii (3), moryunm:
a,=0,=-1y,=006,=00,=0,& =0, =0,77, =0,y;, =0, £ =0.
CpasuuBas ¢popmyiy (4) co BTopoii popmymnoii (3) momydnm:
a,=15,=0,,=0,0,=0,0,=0,6,=0,9, =0,77, =0,iy, =0,4=0.
CpasnuBast popmyiy (4) ¢ Tpetbeii popmyoii (3), moxydnm:
a;,=0,3,=0,7,=0,0, =L w, =0,6, =0,¢0, =0,77, =0,yy, =0,0 =0.
CpasnuBast popmyiy (4) ¢ uerBeptoit popmyrnoit (3), momyunm:
a,=0p,=0y,=-16,=0,0,=0,¢, =0,0, =0,7, =0,iy, =0,9=0.
CpasnuBast popmyiy (4) ¢ maroit popmymnoit (3), momyuum:
a;=0,5=0,7.=0,6, =0,0, =0,&; =1, ¢, =0, =0,y =0,t =0.
CpasuuBas ¢popmyiy (4) ¢ mectoit hopmysioi (3), MOTyUrM:
as=0,6,=0,7,=0,0,=0,0, =L &, =0,¢p, =0,, =0,y, =0, =0.

OTMeTuM, 4TO OCTalbHbIE (GOPMYIIBI HE IPUBOJAT K JOTOJIHUTEIBHBIM YCIOBHUSM.
Takum o6pasoM, B caydae 1° cucTeMa HHBapMAHTHOCTH MMEET BHJI:

#=0,1=0,0=0,=0,t=0,5=0.

B wrtore momy4nim, 9To BEKTOPBl X ,..., Xq HUMEIOT BHI:
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X, =1y,
X, =lg,
X3=i12,
X4 = ilG’
X5 :i14’
Xs = i19'
X;= is + pi17'
Xg =l +0i;,
Xg =l +ri;.

W3 ycrnoBust nuHEHHON He3aBUCHMMOCTH cienyer, uto I # 0. Takum oOpa3oM, moiy-
JaeM PEeIyKTUBHOE JIOMOJHEHUE B BUJIE

X, =1y,
X, =lq,
Xy = i12’
X4 =l
X5 :i14’
Xe =1,
X;= is + pi17’
Xg =l + iy,
Xg =15+l

AHajorn4Ho paccmarpuBaroTcs caydan 2° —10°:
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0 0o 0 0 0 001 g O
0 0o 0 0 0 000 0 1

I17

3
©
—
)
-
o
—
S
—
©
©
—
S)
I~
w

Takum 00pa3oM, peTyKTUBHOE JOTIOJTHEHHE M = {Xl, Xy sy Xg} 3aJ1aeTCs BEKTOPAMH:
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X, =1, + A,

X, =g+ piyg,

X; =l + 3,

X, =l +0is,

Xg =l + Sy, )
Xg =l +1ig,

X; =g+ piy,

Xg =lig + iy,

Xy =l

Hcnonb3ys Tabauily KOMMYTaTOpOB U 0003Ha4ast a = l;,, MoIyuum

[a X ]_[ i ]+/1[a,i13]:—i9,

[aX] [ ]"'/u[a i13]=i7’

[a. X, ]=[anii, ]+ Slais, | = i,

[a,X4] [avlle]"'o'[a '13] 2,

[a’xs] [a!|14]+5[a '13]—_19’ (6)
[a’ Xs]: [a' '19]+t[a '13]_ g

2. X;]=[ai; ]+ pla.i;;]=0,

[a’XS]:[a’IlO]+q[a1|13] 0

[a,Xg]:[a,il7]=0

PaccMoTpHM MTHHEHHYI0 KOMOUHAIIMIO BEKTOPOB X ..., Xg
o, (i + g )+ B, (ig + sy ) + 7, (i, + Jigg ) + 6, (g + oy ) + @, (iyy + Sk ) + &, (g +1iys )+
+¢, (I + piyg )+ 77, (o + Qg ) + Wik = i, + Biig + iy, + Sy + 1, + )
+& g + By + iy F Wiy, i (A + B+ 79+ 60+ oS+ eat+dp+nq).
CpasuuBas ¢popmyny (7) ¢ mepBoit popmy:oii (6), momydnm:
a,=0,=-1y,=06,=00, =0,& =0, =0,77, =0,y;, =0, £ =0.
CpasuuBas ¢popmyny (7) co Bropoit popmy:oii (6), momydnm:
a,=15,=0,7,=0,0,=0,0,=0,6, =0,90, =0,77, =0,iy, =0,4=0.
CpasuuBas ¢popmyiy (7) ¢ Tpetbeit popmynoii (6), momydnm:
o, =0,6,=0,7,=0,0, =L w; =0,6, =0,¢0, =0,77, =0,y;, =0,06 =0.
CpauuBas ¢popmyny (7) ¢ uerBepToii hopmynoii (6), moxyanm:
a,=0p,=0,y,=-16,=0,0,=0,¢, =0,p, =0,7, =0,py, =0,9=0.
CpasuuBas ¢popmyay (7) ¢ msatoit hopmyioii (6), moayamnm:

o, =0,6.=0,7.=0,0, =0,0, =0,6, =1 ¢. =0,77, =0,y =0,t =0.
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CpasuuBas ¢popmyiy (7) ¢ mectoii hopmysioi (6), moaydum:

@, =0,B,=0,7,=0,8, =0, =L &, =0,¢, =0,5, =0,, =0,5 =0.

OTMeTuMm, 4TO OCTabHBIE (POPMYIIBI HE IPUBOAAT K AONOJHUTEIBHBIM YCIOBHSM.
Takum 06pa3oM, B ciaydae 2° crucTeMa HHBAPHAHTHOCTH MMEET BUJI:

#=0,1=0,0=0,9=0,t=0,5=0.

B uTore nomy4niu, 4To BeKTOpbl X ,..., Xq MMEIOT BUI:

W3 ycnoBusi TMHEHHOH He3aBUCHMOCTH cieayeT, uto I # 0. Takum

YacM PCAYKTUBHOC JOIMOJHCHUE B BUIC

3°.
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X, =1,
X, = ig’
Xs :i12’
X, =l
Xg =1y,
Xe =g,
X; = is + pi131
Xg =l + Qi3
Xg =1, + Il

o0Opa3om, Momy-

X, =1,

X2=i9’

Xy =l

Xy =g,

X =y,

Xe =g,

X; =lg+ piy,

Xg =1lig + Qi3

Xg =17 + i

0O 0 0 04 0 O
0 0 0 0 g O O
0O 0 0 09 0 O
1 0 0 0 0 0 O
0 1 0 0 s O O
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Takum 00pa3om, pefyKTUBHOE JAOMOTHEHHEe M = {Xl, ) ST Xg} 3a/1aeTCsl BEKTOPAMH:
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X, =1, + Ay,

X, =g+ piyg,
=i, + %,
4 =g +0olyg,

s = by + Sy, ®

7 = lg + Py,
g = ha»

X
X
X
X = g +1iy,
X
X
X

Hcnonb3ys Tabauily KOMMYTaTOpoB U 0003Hauass a = i13, IIOJIy4YUM
[av Xl] = [av i7]+ /1[3" ilO] = _igv
[a' X,|= [a' i9]+ﬂ[a’i10] =

]
[a' X3]: [a’ i12]+ ‘9[3-' I10] li6
[a’ X4]: [a' i16]+0'[av|10] 2
[a' Xs]: [av i14]+ s[a, ilO] =y, ©)
[a,X ]_ [a i19]+t[a i10]= I,
[a. X; ]=[aig ]+ p[a io]=0
[a. X, % la.i;]=0

[a. X,]=[a.i,;]=0

PaccMOTpUM THHEHHYIO KOMOHHAIIUIO BEKTOPOB X ,..., Xg:

a (i + Ay )+ B, (I + paing ) + 7, (i + Fiyg ) + 6, (i + 0g ) + 0y (1 +Siyg ) + &, (g +1ig ) +
+6, (I + Piyg )+ iy + Wiy, = e, + By + 7k, + Sl + @y, + (10)
+E g + By + iy + Wiy, g (A + S+ I+ 8,0 +os+et+4p).
CpasuuBas ¢popmyny (10) ¢ nepBoii popmynoit (9), momydum:
a,=0,8=-1y,=006,=0,w, =0, =0,¢p, =0, £ =0.
CpasuuBas ¢popmyiy (10) co Bropoii popmynoit (9), momydum:
a,=14,=0,y,=00,=0,m0,=0,¢, =0,¢, =0,4=0.
CpasuuBas ¢popmyiy (10) ¢ Tperbeit popmysioit (9), momyunm:
a,=0,6,=0,7,=0,6,=1Lw;=0,6, =0,¢, =0,0 =0.
CpasuuBas ¢popmyiy (10) ¢ yerBeproii popmyioii (9), momydum:
a,=0,6,=0,y,=-16,=0,0,=0,¢, =0,¢, =0,9=0.
CpasuuBas ¢popmyiy (10) ¢ maroit hopmysaoii (9), moaydum:
o, =0,6.=0,7.=0,0, =0,0, =0,6. =1L . =0,t =0.

CpasuuBas ¢popmyiy (10) ¢ mectoit popmy:oii (9), momyunm:
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as=0,8,=0,7,=0,0, =0,0, =L, &, =0,90, =0,5=0.

OTMeTuM, 4TO OCTalIbHBIE (OPMYIIBI HE IPUBOJAT K JOTIOTHUTEIBHBIM YCIOBHUSIM.
Taxum 06paszom, B ciydae 3° cucTeMa HHBAPHAHTHOCTH HMEET BHI:

#=01=0,0=09=0,t=0,s=0.

B urore mosmy4miu, 94to BEKTOPsl X ,..., Xg UMEIOT BUJI:

=
-

X

X, =lg,

X3 =1y,

X4 = i16'

X5 = i14v

Xe =1y,

X, =lg + Piy,

Xg =g,

Xg =l
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Takum 06pa3om, peyKTUBHOE JJONOJIHEHHEe M = {Xl, Xy ey Xg} 3aJaeTcsl BEKTOPaMHU:

X, =1, + g,

X, =iy + g,

X, =lp, + g,

Xy =1y +0lg,

Xy =1y, + S, (12)
X =lyq +1ig,

X7 =l

Xg =y,

Xg =15

CpaBHuBasi COOTBETCTBYIOIINE (HOPMYIIBI U3 TaOIUIBI KOMMYTAaTOPOB C paccMarpu-
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BacMOM JINHEHHON KOMOMHanueil BeKTOpoB {X1,...,Xo}, ojy4aeM CUCTEMY HHBAPHAHTHOCTH,

KOTOpasa UMECT BU:

#=0,1=0,0=0,9=0,t=0,5=0.

B utore MMOJIY4YHJIN, YTO BCKTOPLI Xl,..., Xg HUMCIOT BU .

X, =1,

X, =lq,

X3 =gy,

X4:i16'

Xg =1y,

Xe =g,

X, =1,

Xg =i,

Xy =3
10 0 0 0 4 0 O O
0o 1.0 0 0 x O O O
O o1 0 0 & 0 0 O
0O 0o 0o 1 0 0 0 0 O
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Takum 06pa3om, peyKTUBHOE JJOMOJTHEHHE M = {Xl, Xy

X, =15+ Ay,
X, =g + g,
X, =1, + 8,
X, =l +0lyg,
X =1y, + Sy,
X =1,
X; =l
Xg =1y,
Xy =ly.

" O OO OO0 o o o

Il7

, Xy } 3aJ1aeTCs BEKTOPAMH:

(12)

CpaBHHBasi COOTBETCTBYIOIIUE (POPMYIBI U3 TAOIHMIIEI KOMMYTaTOPOB C paccMaTpu-
BaeMOM JTMHEHHON KOMOMHAIMEH BEKTOPOB {X1,...,X9}, MOTyd4aeM CUCTEMY MHBAPHUAHTHOCTH,
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KOTOpasi UMEET BU/L:
#=0,1=0,0=0,9=0,t=0,5=0.

B utore nomy4niu, 4To BeKTOpbl X ,..., Xq MMEIOT BUI:
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Takum 06pa3om, peyKTUBHOE JJONOJIHEHHEe M = {Xl, ) Y Xg} 3aJaeTcsl BEKTOPaMHU:

X, =15+ Ay,

Xy =lg + piyy,

X,y =1, +8,,

Xy =l +0ly,

X, =i, (13)
Xg =g,

X7 =l

Xg =1y,

Xg =l

CpaBHHBasi COOTBETCTBYIOIIUE (OPMYIIBI U3 TAOJIHIIBI KOMMYTAaTOPOB C paccMaTpH-
BaeMOM JTMHEHHON KOMOMHAIMEH BEKTOPOB {X1,...,X9}, MOTyd4aeM CUCTEMY MHBAPHUAHTHOCTH,
KOTOpasi UMEET BUJI:

#=01=0,0=0,9=0,t=0,s=0.
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B urore momy4miu, 94to BEKTOpsl X ,..., Xg UMEIOT BUJI:
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Takum 006pa3om, pelyKTUBHOE JI0TIOJIHEHHE M = {Xl, ) S Xg} 3a/1aeTCsl BEKTOPaMHU:

Hcnonb3ys Tabauily KOMMYTaTOpOB U 0003Ha4ass a = l;,, Mosyuum

X, =1, + A,
Xy =g + plisg,
X, =1, + i,
Xy =1,
Xg =1y,
Xe =1g,
X; =1y,
Xg =l
Xy =17

(14)
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[a7 Xl] = [av i7:|+ /I[a! i16]: _ig _/“121
[a1 X2]= [a’ i9]+ ﬂ[31 i16]: I, — 4dy,

[a1 Xa] = [a’ i12]+ '9[31 i16] =l — i,
[a, X4] = [a’ ile] =y,

[a, Xs] = [a, i14] =g, (15)
[av Xe]: [a’ ilg]: Iy

la. X;]=[ais]=0,

[a. Xs]=[a.i,]=0,

[a" XQ] = [a’ i13] =0.

PaccMoTpuM NHHEHHYI0 KOMOUHALIMIO BEKTOPOB X ..., Xg
a, (i + A )+ B, (I + pig ) + 7, (i, + s ) + Gl — @1lsg + €1 + iy + 1 + W4, = i, + (16)
+Big + Vi, + Oy, + @iy + g + Gl + i+l i (A + B+ 1,9).

CpasuuBas ¢opmyiy (23) ¢ nepBoit popmynoii (22), moaydum:

o,=0,6=-1y =—A—u—-19=0.
CpasuuBas ¢popmyiy (23) co BTopoit popmynoii (22), moaydum:
a,=14,=0,7,=0,4=0.
CpasnuBas ¢popmyiny (23) ¢ Tpetbeit popmynoit (22), momyyum:
a,=0,8,=0,7, =09 =1.

CucreMa MHBapUAaHTHOCTH MTPOTUBOPEUHNBA.
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Takum 06pa3om, peyKTUBHOE JJONOJIHEHHEe M = {Xl, Xy ey Xg} 3aJaeTcsl BEKTOPaMHU:
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X, =1+ Ay,
Xy =lg + iy,
X =i,
X4 = i14v
Xy =1y, 17)
X =g,
X7 =i,
Xg =1y,
Xy =1y
Hcnonb3ys TabamIly KOMMYTaTOpOB U 0003HaYast a = l;,, MOJIyIuM

[a1 Xy )= [a1 i7]+ l[a’ i12] = —lg + A,

[a’ X2]= [a' i9]+ /“[a’ i12] =1, + g,

[a1 Xs] = [a’ i16] =y,

[a1 X4] = [a' i14] =y,

[a’ X5] = [a’ il9] =y (18)

[a, Xe] = [a, is] =0,

[a1 X7]: [a' ilO] =0,

[a’ xs] = [a’ i13] =0,

[a, Xg]: [a' i17] =0

PaccMOTpHUM JTHHEHHYI0 KOMOWHAIIMIO BEKTOPOB X ..., Xg '
o (i7 + A, ) +5 (ig + py, ) + 71k + Olly — g + &g + G + 1l Y4l = iy + By + (19)

+7,iyg + Oy + Oilig + &g + Bl + g ik, i, (0 A+ Bp).
CpasnuBast popmyiy (26) ¢ nepBoii popmyoii (25), momydum:
a,=0,pB=-1LA=y,u=0.
CpasnuBas ¢popmyiy (26) co BTopoit popmyinoii (25), momydnm:
a,=1,4,=0,1=0.
CpasnuBas ¢popmyiy (26) ¢ Tpetbeit popmynoii (25), momyuum:
oA+ P =-1.

Cucrema MHBapMaHTHOCTH ITPOTUBOPEUYNBA.
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Taxum o0pa3om, pelyKTUBHOE JIOTIOJTHEHHE M = {Xl, Xy peeny Xg} 3a/1a€TCsl BEKTOPaMHU:

X, =1, +/1i9,

Xy =1y,

X; =g,

X4 =y

Xs :|19’ (20)
Xe =

X, =1y,

Xg =3,

X =

)=
Hcnonb3ys TabauIly KOMMYTaTOPOB U 0003HaYast a = l;,, MOJIyIuM
[a, X,]=[a.i, ]+ A[a,iy ] = —ig + Ai,,

[a, IQ]—Iy.

]=

]

]
5]: [a’ i14]: —ijg, (21)
]_ .

]

]

]

PaccMOTpHUM JTHHEHHYIO KOMOWHAIIMIO BEKTOPOB X ..., Xg

a, ('7 + Alg ) + B, + 7 + Oy — @l + &)l + Gl + 1l HWh, =l + B, + g +

. : S : o (22)
+0)l, + @lg + &g + Gl +13lg il +Hlo A,

CpasuuBas ¢popmyny (4.29) ¢ nepBoit popmynoii (4.28), monyunm:
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Ao, =L, =2 =-1.

[Tonyuynnu npoTuBopeyne.
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Takum 00pa3oM, peyKTUBHOE JOTIOTHEHHE M = {Xl, Xy sy Xg} 3aJ1aeTCsl BEKTOPAMH:

X, =i,
X, =1y,
X3 =g,
Xy =1y,
X5 =g, (23)
X =i,
X, =1y,
Xg =3,
X, =iy,

Hcnonb3ys TabauIly KOMMYTaTOPOB U 0003HaYast a = l;,, MOJIyIUM

[a, X1]= [a’ i9]= iy,

[a’ Xz]: [a, i12]: Iygs

[a’ Xa]: [a' i16]: —ii,

[a’ X4]= [a' i14]= —iig,

[a, Xs] = [a, ilg] =l (24)

[a’ Xe]: [a’ is]: 0,

[a’ X7]: [a' ilO]

[a, Xs] = [a' i13]
9]: ]

[a’ X [a, Iy7

0
0,
0

PaccMOTpHM THHEHHYIO KOMOHHAIIUIO BEKTOPOB X ..., Xg':

alg + Bl + yilig + Oy, — @y + kg + @l + b5+l (25)
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CpasuuBas dopmyiny (25) ¢ nepsoii hopmyioii (24), nonyuum: 0=1. Cucrema UH-
BapUAHTHOCTH IMPOTHBOPEUMBA.
B urore momyunm cienyronme HHBapUaHTHBIE TOANPOCTPAHCTBA:

X, =iy, X, =i, X, =iy,
X, =lg, X, =1, X, =lg,
Xy =iy, Xy =1y, Xy =iy,
X4=i16’ X4=i16’ X4=i16’
Xg =1y, Xg =1y, Xs =y,
Xg =1, Xg =g, X =1,
X; =lg, X7 =lg + Piyg, X; =l + piy,
Xg =1, Xy =1y, Xy =lyo + g,
Xg =15 Xg =l Xg =15 + I,

2. TeH30pbl KPUBU3HBI U KPYYeHUS] KAHOHUYECKOI CBA3HOCTH HA PeIyKTHBHBIX
OJTHOPOJIHBIX MPOCTPAHCTBAX

Bynem BBIUMCIIATH TEH30pbl KPUBU3HBI U KPYY€HUs KAHOHUYECKON CBA3HOCTH Ha pe-
JTYKTUBHBIX OJHOPOJHBIX MPOCTPAHCTBAX ¢ yHIaMEHTAIBbHOMN rpymnmnoi — rpymnmoit Jlu npu-

KeHuit npocrpaHcTBa L.

CBolicTBa TEH30pa KPUBU3HBI U KPYUEHHsI KAHOHUYECKOU CBSI3HOCTH XapaKTEpU3YETCs
CJIELYIOIIEH TEOPEMOM.

Teopema 1 [1, c. 180, Teopema 2.6]. Ilycts P ects G -unBapumanthas crpykrypa
Ha peIyKTUBHOM OAHOpoaHOM mpoctpaHctBe G/ H ¢ pasnoxenneM G =H +m. [lns Ten-
30pa KpydeHHss | M TeH30pa KpHBM3HBI R KaHoHMueckoii cBszHOCTH B P MBI nMeeMm:

1) T(X,Y)y=-1X,Y], mmx XY em.

2) (R(X,Y)Z)o =—[X,Y];,Z] mn X,Y,Zem.

(3) VT =0.

(4) VR=0.

TeH3opbl KPUBHU3HBI U KPYUEHUSI UTPAIOT BAXKHYIO POJIb MIPU UCCIIEIOBAaHUHN CBOMCTB
JTAHHOM CBSA3HOCTH, MOCKOJIBKY OHU OIPEJNENAIOT CBA3HOCTh C MMOMOIIBIO CTPYKTYPHBIX (op-
myn O. Kaprana. Bocrionb3yemcest TeopeMoit 1 u nomyunm Gopmyssl sl TEH30pOB KPUBU3HBI
Y KPYYEHHsI COOTBETCTBYIOLIEH KAHOHUYECKON CBSA3HOCTH B UCCIIETYEMBIX PEIYKTUBHBIX OJ-
HOPOJIHBIX MTPOCTPAHCTBAX.

Paccmotpum rpynmy JIu S, ¢ anre6poit JIn S, = {ils}, KOTOPAst ABJISIETCS MOATPYIIION
JIu rpynmet Jlu G aBmwkeHuit naTuMepHoro mpoctpancTa JlopeHria.

PaccMOTpUM peNyKTHMBHOE OJHOPOJHOE NPOCTPAaHCTBO H/S,, KOTOpoEe MMeEeT pe-
ITYKTHUBHOE PA3IOXKeHHe H =S +m, Tae

m= {iw Iy, bz iy6, g + Slig, g, gy 7,1 }
Bribepem B penykruBHoM gononHennn M Gaszuc:
€ =1,8 =1y, € =1,,8 =16 =13 +Sk3, € =1,5,€; =y, € =17,€ =1,

Torma cormacHo TeopeMe 1 TeH30phl KpydeHHs MOAyduM 10  (opmyie
TX,Y)o=—X,Y],, mmm X,Yem , a rteHsopsl kpuBumsHsl — 1o Qopmyie
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(R(X,Y)Z)o =-{[X,Y];,Z] nna X,Y,Zem . Takum 0Gpasom, KoopiuHaTy Tjik
TeH30pa KpYYeHHs MOJMy4HM KaK i-10 KOOpJMHATy pasnoenus sekropa —[€;,€y ], no Ga-
sucy B =1{i,, Iy, iy, iy lg + Shia, iyg, bigs Iy70lye ) pesykTHBHOrO momonmenns M . Koopaumary
R}k,l TEH30pa KPUBH3HBI [OJIYy4MM KaKk -0 KOODJHMHATY DAasJOXKCHHS BEKTOpa
—[[e i €k ]a '€ ] o 6asucy B penykrusnoro nononnenus M.

IIpon3BOas COOTBETCTBYIOIINE BBIUMCICHUS, IIOJIy4a€M TEOPEMY.
Teopema 2. [[si KaHOHUYECKOW CBSI3HOCTH PEIYKTUBHOTO OJHOPOJHOTO MPOCTPaH-
crBa H /S, TEH30p Kpy4EHHs UMEET TOJIBKO CIEAYIOUIME, OTIMYHBIE OT HYJISA, KOOPAUHATHI:

T176 -1 T765 -1 ngs -1 T269 -1 T378 -1 T498 =1 T489 -1 T586 -1
T5?7 =S, Tsl,é =-1 T57,9 =S, T49,8 =1, ng =-1 Ts?s =-1

MIPU 3TOM TE€H30p KPyUEHHUSI KOCOCUMMETPUYEH 10 HIXKHUM MHJIEKCaM.
Teopema 3. [[1s1 KaHOHUYECKOW CBSI3HOCTH PEIYKTUBHOTO OJHOPOJHOTO MPOCTpaH-
crBa H /S, TeH30p KpUBU3HBI UMEET TOJIBKO CIEAYIOIIUE, OTIIMYHbIE OT HYJIS, KOOPIUHATBIL:

2 1 4 3 9 7
R681_1 R682 1R683 1R684_1R687_1 R689 l’
IIpU 5TOM TCH30pP KPUBU3HBI KOCOCUMMETPHUUCH I10 IICPBLIM IBYM HUKHHUM HHJCKCAaM.

3akirouenue

B pabote periensl crneayoomue 3aaaun:

1) HCCJIICOAOBAHbI KAHOHNYCCKHUEC CBSIBHOCTH Ha HOJ'Iy‘-IeHHBIX peILYKTI/IBHBIX O)IHOpO)I-
HBIX TIPOCTPAHCTBAX;

2) BBIYHCIICHBI TEH30PbI KPUBU3HBI U KPYYECHUS] HHBAPHAHTHBIX a)(DUHHBIX CBIZHOCTEM
HalJICHHBIX PEAYKTUBHBIX IIPOCTPAHCTB.

Pesynbratel paboThl MOTYT OBITH TPUMEHEHBI 7Sl PEIICHUs aHAJOTHYHBIX 3ajad
B JIPYTUX CBKJIMJJIOBBIX NPOCTPAHCTBAX, a TAKXKEe B HAYYHO-HCCIIEIOBATEIBCKOW padoTe
no nuddepeHranTbHON FTeOMETPUH U B TEOPETHUECKON (U3HKeE.
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