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0 audbchepeHUManbHbIX ypaBHEHNAX TEH30POB KPUBU3HbI
¢yHAaMeHTanbHO-rPynnoBom 1 apdUHHON CBA3HOCTEN

Paccmotpena ¢yrmamenranpHO-rpymmoBas u addun-
Hasl CBSI3HOCTB. [l KaXK7moil CBSI3HOCTH ITOKa3aH IOIXO]I,
KOTOPBIIl Mo3BOJNseT Haiitn auddepeHnnanbHBIe ypaBHE-
HUS Ha KOMIIOHEHTBI 00hEKTa KPHUBH3HBI COOTBETCTBYIOMICH
CBSI3HOCTHU 0OoJiee OBICTPHIM IyTeM, 4eM IudGepeHIpoBa-
HHE BBIPQKEHHH STHX 00BEKTOB Yepe3 00bEKThl CBSI3HOCTH
1 ux npadQoBsl MPOU3BOIHEIE.

Kniouesvle cnosa: ctpyktypHble ypaBHeHus Jlanrtepa, (yHmameH-
TAILHO-TPYIIIOBAsT CBSI3HOCTh, ad(UHHASI CBA3HOCTH, OOBEKT CBA3HOCTH,
TEH30P KPUBU3HBI.

1. ®yHnaMeHTATbHO-TPYIINIOBasi CBA3HOCTH

Paccmorpum rinaBaoe paccioenne G,.(M,), 6a3oii KoTOporo
CIY)KHT 1 -MEpHOE Illaikoe MHOTooOpasue M, , a TUIIOBBIM CII0EM
sBysiercst » -wienHas rpymnma Jlu G, . Ero ctpykrypHbIe ypaBHe-

Hus JlanTera umeror Buf [1]

Do) =0 A&, (i ko= L), M

Do® = Zya)ﬂ/\a)7+a)iAa)i“ (a,B,y,..=n+Ln+r). (2)
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3mece D — cuMBOII BHEmIHETo AuddepeHraia; A — 3HaK
BHELIHErO0 YMHOKEHUs; @ — Oa3uCHble JuHeNHbIe U peperiy-
anpHble  (OpMBL;, @ — crnoeBble U depeHIHanbEHbE  (HOPMBI;

@' — nponomKeHHble 6a3ucHbie GOPMBI, @ — TIPOIOIDKEHHBIE

cloeBbIe (POPMBEL; CZy — CTPYKTYPHBIE KOHCTaHTBI rpymnmsl JIu
Gr , YAOBJICTBOPAIOIINWEC YCIOBHAM AHTHCUMMCTPUHU IIO0O HUKHUM
{yc&"l = 0’

IJie KpyIJible CKOOKH 0003HA4aloT CHMMETPUPOBAHHUE, a (PUTypHBIC —
LUKJIMPOBaHHUE.
Jns 3ananus cBszHoctH 1o JlanteBy (cm., Hamp., [2]) B riaB-

ungexcam C, . =0, a taxxke ToxaectBam Skoou Cf
By) B

HoM paccinoeruu G, (M) BBemeM HOPMBI CBI3HOCTH
Q" =0"-T7d . 3)

Huddepentupys dhopmser (3) BHeIIHEM 00pa3oM ¢ yueToM (1,
2), IOIy4YuM:

DQ*=Cl Q" N+ ANdlT — T + T of + o) -
“)
a By i J a _
sl 0 N0, o =2
KommonenTsl 00bekTa (GyHAaMEHTaIbHO-TPYMIIOBOM CBA3HO-
cru 'Y ynonerBopsitorT muddepeHIranbHbIM ypaBHEHHAM (CM.,
Harp., [3]):
a a _ ra, . j
Ay +o =10, ®)
T/Ie TeH30PHBIN quddepeHansHbIN onepatop A AEWCTBYeT clie-
JTYIOIIIUM 00pa3zoMm:

C=dl T + I of
Torma ypaBaeHus (4) IPUMYT B
D" =Cp QP N +R0 ne, R =115 —CoITTY, (6)

A€ KBaJApaTHBIC CKOOKH 0003HAYAIOT AJIBTCPHUPOBAHUE.
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YrBep:knenne 1. Cmpykmypuvie ypasnenus 0ns ¢opm ¢yH-
damenmanbHo-2pynnogol cessnocmu 2% umerom 6ud (6;). Onu

codepofcam KOMNOHEHmMblL 00beKkma KpUBU3HbL R? eblpasicaroujue-

lj ’
cs no gopmyne (6).

[Ipomomxum ypaBuenus (1, 2), To ecth, nudhepeHIUPYs BHEILI-
HUM 00pa3oM 1 puMeHss 0000meHHy0 TemMMmy KapTana, momyqrm:

ik
Do, = w; A0 + o /\a)k, a)[Jk =0;

(7

1
J J a _ a a A
Da) = ; /\a) +a) /\9 + @ /\a)l/, 49 a)ﬁ, (ow] _—0,

IJIE CUMBOJI = 03HAYaeT CPABHEHHE 10 MOYJIIO 6a3ucHEIX (opM @ .
PaccMoTpiM 0OBEKT KPHUBHU3HEI {R,j‘} C BHEIIHEH TOYKH 3pe-

uus. [Ipoguddepenuupyem BHeHUM 00pa3oM ypaBHeHUs (6;) ¢
YYETOM UX caMuX, a Takxke ypaBHenui (1). [lomydanm:

2 C Qb AN AN+
+(dR} —R,fj‘.a)f‘ ~ Rk +2CL REQ Y Ao A =0,

C yyeroMm TOXxaecTB SIkoOu ImepBoe ciiaraeMoe oOpaiaercs B
HYJlb, BTOPOE CJIaraeMoe IOocJe IMOJCTAHOBKU ()OPM CBSI3HOCTH

07 (3) npumer Bua
(4R ZC“IQ,ﬁF7a) YAD A =0,

3amuinem mocienHNe ypaBHEHUS B BUJE, YAOOHOM sl paspe-
meHus ux 1o gemme Jlanresa [1]:

((AR“ _2c RU'BF7a)k)/\w’ A =0,
Hcnonb3ys 3Ty 1eMMY, IIOJIy4YHUM:
(AR} —2C5 RUTT Y ne =0/ N, @f=0.  (8)

[TepeHeceM mpaByro 4acTh BJIEBO U BbIHECEM 00IIMe Ga3uCHbIC
¢ opMmelI 3a CKOOKY:

(4R; -2Cy Rﬁfya) + @y VYA =0.
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[Tomyuennsie ypaBHEHHs paspemmm 1o jJemMme Kaprama (cwm.,
Hamp., [4]):

—a
Rlﬂ['ya) +a) joka)k.
AJBTEpHUPYS 10 UHAEKCAM i U j C YYETOM aHTHCHMMETPUM

00BEKTa KPUBM3HEI R , MOIydnM:

U b
~ —a
AR + @y = (R[,-,-]k + 2cgnyQ7jwk

VuuteiBas cpaBHeHHsS (8;) 10 MOAYJIO 0a3sMCHBIX (GopM « ,
HOJTy4YaeM:

AR = Ri 0" . ©)

YrBepxknenne 2. /Judhgepenyuanvovie ypagueHus 0k KOMNO-
HeHm 00beKma KpususHvl QYHOAMEHMANbHO-2PYNNOBOU CEA3HO-
cmu nepsoco nopaoka umerom euo (9).

2. Apdpunnasi CBA3ZHOCTH

AddunHas CBA3HOCTH I n -MEPHOTO MHOrooOpaszusi M,
OIIpenesnsieTcss B PAacCIOEHHOM IPOCTPAHCTBE JIMHEHHBIX KOperie-
pos L .(M,) myrem 3amanus oObekta cBszHOCTH [ ;k DopMbl
CBA3HOCTU UMEIOT BUJ [1]

i i i o
Q=w-TI'o. (10)
Huddepeniupys nx BHEMTHUM oOpazom ¢ yuetom (1, 7;), mo-
Jy4UM
DO\ = Q8 A + 0" A
(11)

i 1 ik
/\(dij+Fka), a) F,a)k+a)]k) ij RONVN O
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KommoHeHTs! 06bekTa abdunHOil cBsi3zHOCTH 1 & YHOBIETBO-

pstot nuddepeHranTb-HBIM YpaBHEHHIM

A + oy = I, (12)

J

IJle TEH30pHBIH auddepeHnnanbHbIii oneparop A neicTByer cie-
IYIOIITIM 00pa3oMm:

_ i ! i i
AF dFk+Fka), ,ka)j—Fj,a)k.
Torna ypaBuenus (11) MoxxHO nepenucaTs B BUAE
ik i i { ik /
D= N+ (T — 1l Do" na'.

AnbrepHUpys K03(D(UIMEHTHl B TIOCIEIHEM CJaracMoM IO
MHJCKCaM k u [, BBelleM 0003HAaYCHHE

r7e aJbTePHUPOBAHHME BBIMIOJIHIETCS MO KpallHUM HHOCKCaM B
KBaJPaTHBIX CKOOKaXx.
YrBep:knenne 3. CmpykmypHvlie ypaeneHus 01s ¢opm ag-

Qunnotl ceaznocmu .Q; umerom 6uo (13;). Onu cooepaicam Kom-

nonenmol obvekma kpususuvl Ry, evipascaiowuecs no gopmyne
(135).
PaccMOTpUM 0OBEKT KPHUBHU3HBI {R ,d} C BHEIIHEH TOYKU 3pe-

uus. [Ipomuddepeniupyem BHeHM 00pa3oM ypaBaeHus (131) ¢
YUETOM HX CaMHUX, a Takxke ypaBHenui (1). [lomyunm:

QAQk/\Q’+R N LN _Q'.‘/\.Q,i/\_Q,"—

jlm
i
NN A.Q +de,a) NS -I—R,da) NN -

—R’k,a) Ao" Aw) =0.
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C y4eToM CBOICTB BHEIIHETO YMHOXEHHsS IIEPBOE M TPEThE
ciaraeMble YHUUTOKAIOTCS B3aMMHO. M3 OCTaBIIMXCS CllaraeMbIxX
T2,
BBIHECEM O0IIEE BHELIHEE IPOU3BENCHHE POPM (@ A @ 3a CKOOKY:
i m i m
(dR1k1+ 12, — mkl‘Q -R,,0; -

]kma), "YAD A0 =0.

3anuiueM mocjaeIHUe ypaBHEHUS B BUAE, YAIOOHOM AJIs paspe-
LIeHUs uX 1o JemMme Jlanresa:

i m i i m i m i m / k
((dekl +RM 0L —RLLO" R o Rl o) n o )/\ of 0.
Hcnonb3ys 3Ty 1eMMy, IOJy4YHM:
i i m i m /
(dR w R €2, — mle jmlwk — Ny, @) )/\a) = (14)

_ ~i ~i ~
= ANOyyy Oy =0.

[Tepenecem mpaByIo 4acTh BJICBO M BBIHECEM OOIIHME OA3UCHBIC
(hopmBI 3a CKOOKY:

I ) i i 1
(dR w+ Ru€2, - mkz-Q R, @ — R, )+ @ kl)/\a) =0.

ITosy4eHHbIE ypaBHEHHUS pa3pemuM 1o Jemme Kaprana:
i m i m m
dR}y, + R}, €2, — mkl‘Q la)k

—i

R jkim1 = 0.

- ]kma)l + C() ik = Rjklma)

[Moncrassist BeIpaskeHHst (GOPM CBSI3HOCTH Qj'. (10), momyumnm:
i i m
dRJk, +R” k,a) j,dF @ —R kla) +Rmk,th w
ey m
" + a) = R jiim@".

i m
_ijla)k - ]km

[TepeHeceM TpeThe M ISATOE CllaraéMoe BIIPaBO, COOEpeM Oc-
TaBIIEeCs claraemMsie mox A depeHImatbHbIi onepatop AR’ i A

MMPOAJIBTCPHUPYEM 10 UHACKCAM knl:
i ~i _ i t m
ARjkl + a)j[kl] = (Rjklm + RWF tle )
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VuureiBas cpasuenus (14,) mo moayio 6a3ucHbXx Gopm o ,

noJy4yaem:
;'kl = R}klma)m‘ (15)

YrBepxnenue 4. /[udhgpepenyuanvrvle ypasrenus 0as KOMNo-
HeHm 0bvexma Kpususzhvl apunnot cesznocmu umerom euo (15).

BroiBoa. [Toyunnu HOBBIM NOAXOJ K HaX0XKIECHUIO YpPaBHEHUN
Ha KOMIIOHCHTHI OOBEKTOB KPWUBH3HBI (DyHIaMEHTAILHO-TPYIIIIO-
BOil M ay(UHHON CBSI3BHOCTEH. DTOT CIOCOO OKa3bIBaeTCS KOpode
[0 CPAaBHEHHUIO CO CIIOCOO0M (CcM., Hamp., [3]) HEMOCPEACTBEHHOTO
mddepeHupoBanus BeipaxkeHuit (6;) u (13,).
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About differential equations of the curvature tensors
of a fundamental group and affine connections

Submitted on January 28, 2019

The principal bundle is considered, the base of which is an n-dimen-
sional smooth manifold, and the typical fiber is an r-fold Lie group. Struc-
ture equations for the forms of the fundamental group and affine connec-
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tions are given, each of which contains the corresponding components of
the curvature tensor. For each connection, an approach is shown that al-
lows to find the differential equations for the components of the curvature
tensor of the corresponding connection in a faster way than by differentia-
ting the expressions of these objects in terms of the connection objects
and their Pfaffian derivatives. The method consists in successively solv-
ing cubic equations, first by Laptev’s lemma, then by Cartan’s lemma.
Taking into account the comparisons modulo basic forms, we obtain al-
ready known results (see [3]). Thus, differential equations are derived for
the components of the curvature tensor of the first-order fundamental-
group connection, as well as for the components of the curvature tensor of
the affine connection.

Keywords: structure equations of Laptev, fundamental-group connec-
tion, affine connection, connection object, curvature tensor.
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