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N. Ryazanov
Lie bracket for tangent vectors and Bianchi identities in principal bundle

The principal bundle is considered. Adapted Pfaffian derivatives of
frame vectors of the tangent space to the bundle at arbitrary point are
built. Expression for Lie bracket of arbitrary vectors in the tangent space
is found. Bianchi Identities for the compositions of the curvature object in
an arbitrary principal bundle, including components of a torsion object
affine connection are obtained. The acting horizontal curvature forms and
vertical connection forms on vertical, non-vertical and horizontal vectors
is described.

V]IK 514.76

. A. Cagporos
banmutickuli pedepanbHbili yHugepcumem um. M. KaHma, KanuHuHepad

0606weHHas ad)¢puHHasA CBA3HOCTb
U ee BbipoXaeHue B aphMHHYI0 CBA3HOCTb

Ha rimagxoM MHOT000pa3uu paccCMOTPEHO PACCIOCHUE JTHHEH-
HBIX penepoB. Ilpemnmoxen cnoco0 3amanus 0000meHHON aduH-
HOW CBSI3HOCTH Ha 3TOM paccioeHuH. CBA3HOCTH 33JaeTCs MOJIeM
00BEKTa CBA3HOCTH, COCTOSIIIINM W3 TEH30pa CBA3HOCTH M 00BEKTa
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apounHON cBs3HOCTH. OOBEKT 0000MmEeHHOH adPuHHON CBSI3HO-
CTH ompezensier oObeKT KpydeHus. [lokasaHo, uto obOoOrieHHas
apGuHHAs CBSI3HOCTB, Y KOTOPOH TEH30p CBSI3HOCTH SIBJISIETCS JIU-
00 HyneBbIM, MO0 cuMmBoOiOM KpoHekepa, BbIpoxaaercs B ad-
(DMHHYIO CBSI3HOCTB.

Knrouesvie cnosa: rnankoe MHOrooOpasue, paccioeHHE JIHMHEHHBIX
periepoB, adduHHAS CBSI3HOCTH, OOBEKT CBS3HOCTH, OOBEKT KPYyUCHHS,
0OBEKT KPUBU3HBL.

PaccmoTtpuM riaskoe MHoOrooopasue M, €O CTPYKTypHBIMHU
YpaBHEHUSIMU

i i
do' =0’ no;. (1
31ech U Aanee WHASKCHI MPUHUMAIOT CISIYIONINE 3HAUCHHUS:
i,jk,.=1n.

[Tomyunm cTpyKTypHBIE ypaBHEHHS Ha (QOPMBI a)’/ , TIPOJTOIIKAs

ypasaenus (1). Bossmem BHemHMNA quddeperiman oT ooenx Jac-
Tel BeIpakeHni (1):

do’ A0, -0’ ANdw, =0.
[MoxcraBum BHewmud nuddepenuman popm @’ u nepeobo-
3HAa4YHUM HEMbIC NHJICKChI
o' Ao Ao, -0 Ado, =0,
BrineceMm Gopmbl @’ 3a CKOOKH:
(do, —o! Aoy )ro’ =0.

Pazpemas nmo nemme JlanteBa [1], moxydaem mpoAoKeHUE
cucremsl (1):
do, = o} Ao, + 0" Ao, ()
npudeM @), =0, rae CUMBOIOM = 0003HAYEHO CPABHEHHE IO
MOJYJI0 Ga3UCHBIX GOPM @' .
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Cucrema ypaBHenuit (1, 2) 3ajmaet paccioeHue JIMHEHHBIX pe-
nepos L ,(M,), L,=GL(n), npuaem (1) — CIpyKTypHbIC

ypaBHeHus 6a3sl M, . 13 BelpakeHuii (2) nosyyaeM CTpyKTypHbIE

YpaBHCHUA TUIIOBOT'O CJIOs L 5
n

ik i i
dm; =7, AT, T, =0 -

3amanum 0000meHHyI0 adGUHHYIO CBA3HOCTH [2, ¢. 125—127],
npeobpasyst 6asuCHbIe @' U CIOEBbIC ) (OPMBI CIIEAYOMMM 00-

paszom:
@ =0-Lo o =0 -0 3)
Haiizem cTpyKTypHBIC YpaBHEHHUS Ha mpeoOpa3oBaHHBIE (Op-
MEL. [Ipomuddepermnmpyem BHETHIM 00pa3oM paBeHcTBa (3)):
do' =o' no, —dL, Ao’ — L o' A
U3 0603nauenumii (3,) BoIpaszum GopMbl @' depes GopMbI @' H
MOJICTaBUM HX B MIEPBOE ClIaraeMoe
~i o~ ik i i j ik j
do'=(0'+ Lo )Ao, —dL, N’ —L,o" A .
[Tepeobo3HauMM HEMBIE MHIEKCHI, PaCKpOeM CKOOKH M BBIHE-
ceM (opMbI @’ 3a CKOOKH:
> — 5 i j i k i ik
do' =0’ Nw;+@’ AN(dL; + Lo, — Lo ).
3anuiieM 3TH ypaBHEHHS KOpoue, BBOIS AU (PepeHIINaTbHBIN
oneparop A:
do' =o' no,+o’ AAL,, AL, =dL, + Lo, - L o) .
i ~i
U3 pasencts (3,) BbIpasuM Gopmbl @, 4epes GOpMbl @; U
MOICTABHM HX B TIOJTydECHHBIC YPaBHEHHUS:

~i _ ~j ~i ik j i
do' =0’ Ao, + 10" )+’ AAL,.
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Packpoem CKOOKM M OCYIIECTBHM YacTHYHBIH BO3BpaT K HC-
XOIHBIM (opMaM:

~i _ ~j ~i Jj Joil ik Jj i
do' =0’ no;+(0' - Lo )AT,0" + o’ AAL,.
B npexnonoxkenny, uro L' — teusop, T.e. AL, = L, ", BoI-
HeceM KBajpaTuunyio hopMmy @’ A @' 3a ckobku:

~i _ ~j ~i i I i i j k
do' = /\a)‘/.+(1“k/.k—L‘/.FM+L/.k)a) NG .

B cuiy aHTHCHMMETPUYHOCTH BHEIIHETO MPOW3BEACHUS IIH-
HEHHBIX (OpM cllaraeMble B CKOOKax MOYKHO MPOATbTEPHUPOBATH
0 HUXKHHUM HHAeKcaM. O003HAYMM IOJIYYCHHYI0 CyMMY depe3

i i I i i
Ty =15y =Lyl + Ly - 4)

Hazoem Tj’k 00BEKTOM KpyueHHs 0000meHHol addUHHON
cBs3HOCTH. UTak,
~i o~ o~ i k
do' =0’ Nw; +Tyo" A" . ®)]
[Iponuddepenupyem BHEITHIM 00pa3oM paBeHCTBA (35):
~i _ Kk i k i i k il k
do, =0, Noy+ 0" Aoy —dl T No" —T,0 ANy .
[MponensiBas npeoOpa3oBaHus, aHAJOTMYHBIE OINWCAHHBIM
BBIIIIE, IOTY4aeM
~i _ ~k ~i k i i m i k 1
do, =w; Nog+o" NAL +o, )- 1T T,0" Ao . (6)

ITo Teopeme Kaprana — Jlanresa [3, c. 82, 83] ypaBHenus (6)
3aJal0T CBSA3HOCTDH TOJIBKO B TOM cily4ae, KOrJa KOMIIOHEHTHI 00b-

€KTa CBSI3HOCTHU Fj’k YAOBIETBOPSIOT An(depeHInalbHbIM ypaB-
HEHUSIM
i i i
Al + @y =10 .
Torna BeipaxkeHus (6) MOXKHO 3alucaTh HHA4e

~i o~k _ ~i i _m i k I
da)j = ;] /\a)k+(1”j/k,] Fj[k‘Fm‘,j)a) AGD .
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Bripaxkenne B ckoOkax — 0OBEKT KPHBU3HBI a))MHHON CBS3-
HocTH. O003HAYMM €ro yepe3

Riy=Tl ~ThT

ity Akt e
Urak,
da,=o; A&, + R, 0" ra' . (7)
Omnpenenenue 1. CogokynHocme meH30pa CEA3HOCHU LZ. u
obvexma aggunnol ceazHocmu Fj’k Hazosem 00vekmom 0600-
wennoi appunnoii céasnocmu L={L T, }.

Omnpenenienne 2. [ nadkoe MHO2000paszue co CMpPYKmMypHbuIMU
ypasnenuamu (1, 5, 7), onpedenennoe ¢ nomowwro obvexma L,
Oyoem Ha3bleamv NPOCMPAHcmeom 060owennol appunnol cess-

nocmu L .
n“+[njn

[Tokaxkem, 4TO MpH OBYX CIELHATIBHBIX BUAAX TEH30pa CBA3HO-
CTH Lij 00001IIeHHasT CBSI3HOCTh BHIpOXkIaeTcs B ahphuHHyIO CBSI3-

HOCTb.
1. ITonoxum Lij =( . Torna GOPMBI CBI3HOCTH @' CTaHyT Oa-

3ucHBIME (opMaMu @', BeIpakeHHe (4) NMpeBpaTUTCS B OOBEKT
o pi_ i
kpy4enust apbunnoii ceasnocru 7, =17, .
VYpaBHeHus (5) IPUMYT BHIT
i 7 ~i ri k
do' =0’ No, +T, 0’ N®". ()
B coBokymHOcTH ¢ ypaBHeHUAMHU (7) OHH OOpa3yrOT 3aMKHY-

TYIO CHCTEMY U OIPEICIIAIOT IPOCTPAHCTBO ap(hUHHON CBI3HOCTH
L,

2. lonoxum L, =6, . Beipaxenus (4) IpUMYT CIEAYIOLIMIA BULL:
i _ i sl i
T =175 =0, -

Ocy1uecTBisis CBEPTKY, NoIy4aeM, 4to I’ /’k obparmaetcs B 0.
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Taxke u3 ypasHeHuit (3)) mmeeM &' =o' —J5,0' =0, T.e.

(GopMBI cBA3HOCTH @' mponaxyT. Baecem B BhIpakeHus (1) popmb
~i i .
CBSI3HOCTH (), BBIDaKas Yepe3 HUX HOpMbI @) U3 PABEHCTB (3,):

i j ~i ik
do' =0’ No,+1,0").

Packpoem ckoOkH H mpoanbTepHUpYeM KO3 PHULMEHTH BO BTO-
POM cIlaraeMoM I10 HIKHUM HHJIEKCaM ¥ TIOJTy9rM ypaBHEHHS (8).
Teopema. Obobwennvie agghunnvle ceasHocmu ¢ 0cobbIMU

obvexkmamu ceasnocmu L, ={0,I", }, L, ={0,,I", } eviposicoa-

omcs 8 appuHuyI0 C8A3HOCMb ¢ 00BEKMOM Fj’k .
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D. Safonov

The generalized affine connection
and its degeneration into affine connection

On smooth manifold the bundle of linear frames is considered. The
way of giving generalized affine connection on this bundle is offered. It is
set by field of connection object consisting of connection tensor and ob-
ject of affine connection. The object of generalized affine connection de-
fines object of torsion. It is proved that the generalized affine connection
with connection tensor is zero or Kroneker’s symbol degenerates into
affine connection.
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