Jlekninga 2

OcunoBnsl OTO. II. CpoiicTBa adpunHoii cBsa3HOoCT. TeH30p KpUBU3HLI.
YpaBuenusi JdiitHHITeiiHA.
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IIepBoe pomoaHHTENABHOE ycjaoBuUe Ha Ko3ddhu-
IIEHTHI CBI3HOCTI: METPUIHOCTD

XotuMm, 9TOOBI OMEpAIN MOHSITHs /OIyCKAHUS HHJICK-
coB ObljIa YHUBEPCAJIbHOIM:

g,uv<v)\Ay> - v)\Au;
QW(VAAV> = V/\(gWAV)

[To nmpaBuy Jleitbnuna:

ValguwA”) = (Vaguw)A” + g (VaA") =
— (VA4 = (23

A, = guA" Te.

V)\glw =0 (2.4)

MeTpudecknit TeH30p KOBapPUAHTHO MOCTOSHEH,
eCJIN CEA3HOCTL MEMPULHE.

MeTpuYHOCTh CBA3HOCTU AllPUOPU HUOTKY/Ia He CJIeJIy-
eT — paccMmarpuBaioTca 00odmenns OTO, B KoTophIX
CBSI3HOCTH HEe MEeTPUYHA.

3akoH mpeobpa3oBaHnuda a(pMHHBIX CBI3HOCTEIA

VAl = 0\A" + T A” — JToykHo GBITH TeH30pOM!
(2.5)

2 HrH

= gx“ gxﬂ (Vad?) =
~ Ox® O™
-0z 0P
02% an DA
0z 9xP Oz

(O6AF + TR A”) = A" + T AN =

A AV ax/)\ Ay

B ox’ gt ox'M 0xP 9 A~ oz’
9 OxPox

22 A% (2.7
* ox® Ox' Oz’ T Ox? (27)

(VA")

(0, A"+ T3 AY) =

ox® Ox'*
o4
-+ 5 Dl [y, A7 (2.6)

AO&

Fﬁ 5$a 8.@/#

o — ox’ 92
T Ox Oxb

ox"
= AY + T
ox' OxPOx +

)
oA (28)

AV, ACAD 5 A

3 Ox® Ox'" ox’ O2x'm N
Cor'\OxP Oz OxPOxE

02" | 0x°
N OxE | Ox’

r (2.9)

oz’ 0x° O%x'"
Oz’ 00 OxPOxe

ox® 0x'" Ox° 5
Ox™ OxB Ox'0 %

I = (2.10)




oz’ 9%z ox’ 0zt O%a't
ot OO T g o (2.11)
Ox? 0z’ ox'r ~ 02/ Ox'P OxPOxs
o 1 € 1 2,.0
o Ox® Ox'V Ox® 5 OV O (2.12)
A9 9B 9xd % Qe DS
AdunHast CBSI3HOCTH — HE TeH30p!
Kpy4dennue
R 213)

[Ipeobpasyercsa Kak TeH30D!

Ilepsas npobaema OTO co cnumom: TaCTULIBL CO CIIMHOM
He JIBIKYTCA 110 Teoie3ndecKuM (7).

Bmopas npobaema OTO co cnunom: HET pelernTa pac-
YeTa TPABATAIIMOHHOTO [0/ CIIHA.

CucreMa CIMHOB MOXKET CO3/IaBaTh MaKPOCKOIINYIECKU
MOMEHT M JIOJIKHA, IIPUBOIUTH K MAKPOCKOIINYIECKOMY
rpaBuTalmoHHomMy 1oJito, Koropoe OTO He MoxKeT co-
CUUTaATh =>.

[TombITKa ydeTa IO CIMHOB INPHUBOIUT K TEOPUAM
OitHImTeliHa-Kaprana, B KOTOPHIX KpydeHUe He paBHO
HYJIIO.

JlokaJsibHO JIOopeHIeBbI CUCTEMBI OTCYETA

Ecnm C’g‘7 = (0 xoTd OBl B OJIHOI cHUCTeMe OTCYeTa, TO
C'5, = 0 Bo BCex cucremax orcyera =

Ecmn C’E‘V # () xoTd OBl B OJIHOI CHUCTEME OTCYeTa, TO
B =# (0 B j1000M crcTeMe OTCYeTa, CJIeJOBATEIbHO B

moboit cucreme orcdera I'5 7 0 1 rpaBUTAINIO UCKILIO-
YUTH HEBO3MOYKHO.

YTo0ObI TPaBUTAINIO MOHCHO OBLAO JOKAJIBHO HCKJIIO-
auth, B OTO mpebyemen Cf, =0, = 15 =17,

Bmopoe ycaoesue Ha4 CB8A3HOCTNG.

Hpunuun IR6UBANEHTTIHOCTNU mpedyem CUMMEMPUHHO-
cmu CeA3HOCTU (Omcymcmeuﬂ %‘py%nu&).

Ecmnm 05‘7 = (0, To apUHHAYIO CBA3HOCTD A0KAALHO 3AHY)-
AUMDB eTUCMBUMEALHO MOAHCHO.

ot =l + TH 272l (2.14)

ox' ox”
_ SH. — SV
| =0 5| = (2.15)
0 0
a?x/u
_ H p

5o, = T+ The = (2.16)

i _ Ox® 0x'" Ox° _4 B ox? dx= O*x'™ B

A QA 0B 0xd % Qa0 0xPOxE
= 530505T. — OVo5(Tl + ThL) =

T - (T4 T (27

T3\ + T} = I'(0) = I'{5(0) = 0.

CummerprranocTs [ s — Heobxoammoe yemosue!

(2.18)



C noMoIpio mpeodbpaszoBaHus

i =JgJ", J ==
g g Y <8[L‘l>

CUMETPUYIHAA MaTPUIIA § MOXKET OBITH IIPUBEJIeHA K JIa-
rOHAJIbHOMY BUJLY

(2.19)

KV 0
. !
g= g2 , k>0 (2.20)
0 — k3
C nomoripio MacmTabHOro mpeodbpaszoBaHus:
1 0
w __ ] 1 - - —1
L _xﬁig/,w—nw/—g_ 0 —1 .
(2.21)

[Ipeobpaszosanme (2.14) B cuy (2.15) He meHser TeH-
30pbl B HAaYaJie KOOPJUHAT, [I0O9TOMY CBSI3HOCTH MOXKHO
3aHYJIUTh [OCJIE TOTO, KAK KaK § IPUBEJIEH K JIOPEHIIOBY

BUJLY.

MeTpudecknil TeH30p MOXKHO IpUBeCTH K JlopeHtie-
BY BUJLY U CBA3HOCTH MOXKHO 3aHYJIUTH OJIHOBPEMEH-
HO — 9TO JIOKAJbHO JIopeHIeBa cucTeMa OTCIeTa

A

1y BOOOIIIE TOBODS, HE HC-

OHaKo MpousBoAHbIE G, 1 I
Je3a10T!

B wgacTHOCTH, HEyCTPAHUMBbI IIPUJINBHBIE CUJIBI U OCTa-
FOTCST TPAJIUEHTBI, KOTOpble MOryT (7) BJIMATH HA JIBU-
JKeHUe YaCTUIIbl CO CITUHOM.

ABHOEe BhIpaxKeHne Ko3(ppUIUeHToB CBA3HOCTH
gepe3 MeTPpuIeCKnili TEH30P

Vcnonbsyerca odrnospementio METPUYHOCTD (,;, U CUM-
METPUYHOCTb CBSAZHOCTHU:

v)\g/w =0= a)\g;w - Fiugay - ()T\yg/LO' = 0. (2-22)
Widov + 15,900 = g [(Apv] | x (+1)

L0 gon + T0nGve = Ougun [t A] | X (+1)  (2.23)
Fz)\gaﬂ + qug)\a — OvGru [I/)\,LL] ’ X (_1>

QFK,ugUV — a)\g/u/ + augu)\ — a)\g/\,u ‘gy(s* (224)

i = Lo 0 0 2.25

A T 59 ( Nuv + uwgu — Vg)\,u) ( . )

«
g Toro, 9T0ObBI Fﬁv BBIPAXKAJINCH 9€Pe3 §,,,, MeTPUY-
HOCTh M CUMMETPUIHOCTH CBSI3HOCTU HEOOXOINMbI!

MoxkHO moCUInUTATh, YTO
METPUIHOCTh+CUMMETPUIHOCTH BMeCTe J1atoT 64 ypas-
HEeHUd, OJJHO3HAUYHO OIpeae/idtoniie Bce 64 KOMIOHEHTHI
CBA3HOCTU W .

Boipakerne (2.25) wmHOrmA HA3BIBAETCA CHMBOJIAMIU
Kpucroddensa u odbosnauaeTcs

1
{ 0 } — égdy(a)\g;w + a,ugl/)\ - aug)\,u) (226)

A




Tenzop JleBu-YeBura

XoruM, 4To0bl EHYP? OBbLIT TEH30POM, U B JIOKAJIBLHO JIO-
perteBoit (rasmaeesoit) cucreme ()

EHvpo — ohvpo 0123 _ 1

, € (2.27)

Kak Oymer B mpousBosibHO# cucTeme ()7

ox'

w v 1p lo
0™ 0x™ 0xP 07 55

Eveo — 5 eMP7(2.28)

ox® 0x° Ox" Ox° B
! 1
— /=7 = = (229)
1
Eee — —_gpo (2.30)
V7
Frvee — %SWW (2.31)
—g

Tenzop KpuBU3HBI

JIBa crmocoba BBeCTH T€H30pP KPUBU3HBI.

1. Hepes komMyTaTOp KOBApPUaHTHOI IIPOU3BOIHOM

V.V, A=V, VA =V, VA = (2.32)
ViV, AY) = 0,(V, AN =T (Vo AN, (VA7) = ...
(2.33)
V,(V, A = (2.34)
(mocumrars! %)

V., VA = AR, (2.35)

A A A A
R, =00, -0, +T) I, —T,I" | (2.36)
V., VAN = AR, (mocanTaTh ) (2.37)

Orcrofa BUJAHO, [IOYEMY TeH3ap KPUBU3HbI — JIEHCTBH-
TE€JIbHO TEH30D.



2. [lapamnienbHBIN MepeHoc BI0Ib 3aMKHYTOTO KOHTYPA,

A Afa)\

Az + dx) = AF(x) — TV, AVdx (2.38)
0AM(z) = Az + dx) — AM(x) = TV, AVda™  (2.39)

AAF = j[ SAM(z) = — ]f I A”da

Dopwmyna Crokca:

%B...Adﬂf)\ = %/djmA (0,B.x»—0\B._,) (241)

(2.40)

1
AAY = 5 / df 05T, A) — 0z(I, A)] =
1
~ A MO, T, AV+TH 9, AV =0\ AY—T% 9, AY)

(2.42)

BryTpu kKouTypa A" namMeHsieTcs TOJIbKO 3a CUeT mapaJl-
JIEJIBHOI'O IIEPEHOCA, ITO3TOMY

SAM(z) = T A’dx* = O A' = —TH A" (243)

AA" =

1
— AT O YA T, AP = O3, AT, I A) =
1

— iAfa)\<a)\ng _ aUF/)L\V + Fl)fprlea o ngrﬁ)\)Ay -

1
=54 FfOR AV (2.44)

1
AAM = SA fOR" A (2.45)

I3 BbIBOIA BUIHO, 4TO hOpMYyJia BEpHA YHUBEPCAJIBHO,
HE3aBUCUMO OT METPUYHOCTU U CUMMETPUYHOCTU CBA3-
HOCTH.



CsoiicTBa TeH30pa KPUBU3HBI

R, =00, — 0, + 1) 0 —T) " (2.46)

p-vo vpT uo

A
RTU/W - gT)\R o -

= g0,y — O py + T T, — T 0 ) (2.47)

pp- vo vp' o

1.
R:opy = —R:py) — OUEBUIHO (2.48)

2.
RTO'[U/ — —RC’T,LW (249)

— HE O49E€BUAHO, MCIIOJIB3YET METPHUYIHOCTL, HE YHUBED-
CaJIbHO

1
Cevo = gL, = 5(6?,,90.5 + 05ger — Ocguo)  (2.50)
RTU/W — —I_gT/\(aﬂria + F,t);prl/ja) (251)
A A
—g\ (0,1, + T 1)

vo = ..
g (0,0} + T 1) = gV, I = Vi (gl =
=V,(T,.) =0, =T\ =
=0 e — 9T Dave (2.52)

GO0 + T T ) = 0,110 — ¢ Te Do (2.53)

RTUILLV — auFT,l/O‘_aVFT,;LO+g)\§(Ff,uO‘FA,I/T_FfJ/UF)\,[LT) —
— a,uaagﬂ/ — auaTgVU - auaagT,u + auaTgua+

+ (e yoTawr — Denolayer) (2.54)

Orciofia cBoficTBO (2.49) yKe 0U4eBUJIHO.

3.
RTO'[U/ — R,um'a * (255)
4.
r,,+R,,+Rr,, =0 (2.56)
3 ToxxmecTa Skobn:
[Vm [v/u VI/HSO"F [vua [vl/a Vp“@"’ [VW [vpa V;LHSZ()2:5%
Vo, Vi Villp = =0,pR°,, = (2.56) (2.58)
5. ToxxnectBo boanku
VR, + VR, + VR, =0 (2.59)

3 ToxxnecrBa Skobn

(Vo [V VUJJA* + [V, [V, V| AY + [V, [V, V] A = 05

(2.60)
Yucao He3aBUCUMBIX KOMITOHEHT Y
202
|
A ) (2.61)
12
n=4- N=2 (2.62)
n=23-> N=6 (2.63)

n=2- N=1 (2.64)



Tenzop Puyun:

R, =R, (2.65)
Ckangp KpUBU3HBI (He rayccoBa KpuBn3Hal):
R=g"R,, =R', =RY), (2.66)

I[Tony4denune ypaBaeHniT DIHINTETHA N3 BapUAIH-
OHHOT'O TIPUINIIA

Chavana odua 2pasumanus — be3 mMameput.

[eiicTBue JIOJI2KHO OBITH OOIIEKOBAPUAHTHON BEJIYN-
HOT1.

1. XoTuM uMeTb ypaBHEHUsA BTOPOIO HOPALKA JIA g, .
2. YpaBHEHUs JIOJI>KHBI ObITH JIMHEHHBIMI OTHOCHUTE Th-
HO BTOPBIX ITPOU3BOJIHBIX.

1. IIpocreiiniee aeiicTBue

Sy = —A/ d*z\/—g (2.67)
Q
0g
§S) = —A/d4a:5 = —A/d4x 2.68
Guv = Guv + 6g,uv; 0g =" (269>

det(§ + 8) = detlg(1 + §~'69)] =
— det g - det(1+7'69) = g(1 + Tr (37'05)) =
=g(1+¢"0g)=9+9- 909, = (2.
(2

0g=9-9"0g,

A

05\ = —§/d4:z:\/—gg””5gw (2.72)

2. Bkaan ~ [ d*z/=g f(R)

[Tpobsiema: R 3aBUCUT OT BTOPBIX TPOU3BOIHBIX ¢ TIO .
[Toryaum i ypaBHEHUA BBIIIE BTOPOTO TOPsIKa,?

5= / del(o, ¢, o) (2.73)

0L 0L 0L
0S = /d T (8@ 6?8%0/ +0 8@”) dp=0 (2.74)

0L 0L 5 0L
Oy N a&p’ +0 o

— Ha4MHad C BTOPOI'O YJi€Ha BXOIAT IIPOMU3BOJHBIE BbBIC-
X IHOPAAKOB.

— 0 (2.75)

Ho eciu " Bxonar B £ B kombunanyu oo To:
8(9090”) _ 90//5 ) 8(9090”) _ 0; 32 8(9090”) _ 90//
Op Oy’ 0"
(2.76)

IPOU3BO/IHBIX BBIIIIE 2-T0 MOPSAIKA HE MOJIYIaeTCs.
R sapucur ot gy, NIMEHHO TaK.

Mozkno mokazath, uto f(R)-rpaBuTtanus cBoauTcs K R-
I'PaBUTAINN IIJIIOC HEKOTOPOE CKaJIgpHoe moJte. [losTomy
noctaTodno B3dTh f(R) = R.



Sp=—-K / d*z/—gR = — K / d'z\/—g99" Ry,

(2.77)

553 = —de4£l?5(\/—g)R = 531
—K [ d*a\/—gR,,0g" | = 05, (2.78)

—K [d*z\/—gg"'0R,, |= 055

K A y
051 = 5 d*z\/—g R g" 09, (2.79)
0.5y = —K/dﬁ‘a:\/—gRW@W (2.80)
ogh” =7

5(g"gn) =0 = g"6gn = —gindg™ |g”  (2.81)
06 g" = —g” " b g, = (2.82)
09" = —g"6gng" | p= v (2.83)
09" = —g"" 599" (2.84)

552 = +K/d4$\/ _ng/ngg)\y(sgpA =

:+K/d4x\/—ngA5gpA (2.85)

(2.86)

05y = +K / d4513\/ —g R 5g;w

053 = —K/d4:c\/—gg“”5Ruy (2.87)

R", =0\ — 9, + T 9, —Th o (2.88)

v o ap- VA

SR, = 001" — 0,01+
0T 17 + T%\ 619, — 8TV 19, — T 577, (2.89)
oI, — rensop, B ormrume ot [, ! (TTowemy? ¥%)
VA8IY,) = V,(8I7,,) =
= 3>\(5F/,jp) + F§05F§p — 15,01, — 'S ,01%,—
= 0,(017,) — T0L7 5 + I7,0T0 + 17,01, =
= 5R“Mp = (2.90)
(2.91

OR,, = V(0I),) — V,(0I),) )

053 =—K / d'z/=g 9" [VA(OT,,) — Vi (0T,)] =
— —K/d4a:\/—g[VA(g“”5rﬁy) — V. (g"oT),)] =
_ Kk / 0w /=g V(g aTY, — g™oT, ) =

1
= \V)\A/\ = \/?g(%\(\/ —gA)‘) *\ -
= —K/ d'w (%(g“”(?lﬂfw — gM&FZU) =0 (2.92)
0




— TaK KaK II0Z MHTEr'PaJIOM IIOJTHaA JUBEPIC€HIINA.

055 =0

(2.93)

05 = 05) + 0S5k =

A

=3 / d*z/=g 9" 69,

) d*z\/—¢ 9" R0,
+K/d4x\/—gR“”5gW =

1 A
= /dd‘x\/—g [K <RW — —g”“R) — —g“”] 0guw =0

2 2
(2.94)
RF — 1g“”R = L/\g““ (2.95)
2 2K
1 1
R,uu - ég,uuR - ﬁ/\guy (296)
K noka nenssecrHal
Tenzop Ditnmreiina:
1
G =R, — igWR (2.97)

ITosgs maTepun, TEH30p IHEPTUN-UMILYJIbCA

S = Sa(g) + Sr(g) + S(u, g)

05 = 05x(9)lsg + 05r(9)lsg+
+ 0Sm(u, g)lsg + 0Sm(u, g)lsu =0 (2.99)

Bapuanun dg,, n du HezaBucuMbI! =>

(2.98)

ypaBHeHI/IH I'paBUTAIIMOHHOI'O IIOJIA:

05A(9)]sg + 0SR(9)]sg + 6.Sm(u, g)lsy =0 (2.100)
YpaBHEHNA TI0Iell MaTEPUN:
0Sm(u, g)|se =0 (2.101)

13 Bapmalum mOJIHOTO JeACTBUSA MOJIYUATCa U ypaB-
HEHUsI TPaBUTAIMOHHOTO T0JIA, U YpaBHEHUs TOJIel Ma-
Tepun!

Sulwg) = [devTgLatng (2102
1
0Sm(u, g)|sg = §/d4x\/—g T"5g,, (2.103)

T}, — MeTpu4ecKuil TeH30p SHEPrUU-UMILYJIbCa I0JIef
marepun (cummempuien!).

Ecin dbopMabHO HAIMCATD:

%M%M@=/fmﬁ§(

6L
)69, = (2.104
5g,uy> w ( )



0L, 0L,

—

— = TH —9 2.105
2 0Ypuw 0 G (2.105)
OTKyna bepercss Takoe onpeesieHme”’
1
Sm(u, g)|sg = §/d4x\/—g TH g, (2.106)
IIpumep. CkangpHoe moJie
1 14 1 14
Lo = 50"00,p=VI(9) = 59" 0upOup—V(9) (2.107)

Sse(9,®) = / d'z\/—g (%9“”%06%90 - V(@))
(2.108)

0Ssclsy = / d'x [W—? (%g’”aﬂs@@uso - V(@)) +
+\/jg%5gwf9m@3u@] -
= / d'z B\/?g 9" Gy (%g’”@pw‘%s@ - V(w)) -
—%\/—TJ 9""09p09°" M@y@] =

1
= — [ d*zy/=gx
Q/xg
1

[g“” (5 9°"0,00,p — V(w)) —g"g" psoaawl 0 Gy
(2.109)

(2.103), (2.106) =
T = ¢”'9" 0,00, 0 — §"" Lsc(@) | Gapgsy  (2.110)

Top = aa(pa/@@p — JapLl (90) (2'111)

— 00OBITHOE BhIPaXKeHHe TeH30Pa SHEPIUU-UMITYJIbCa CKa-
JIIPHOI'O I10JIsd, cjejytolee u3 TeopeMmbl Herep .

YpaBHeHUd I'PABUTAIMOHHOI'O MOJId C Yy9€TOM Ma-
Tepun

(5S|5g = 5SA|59 + 5SR|59 + 5Sm|5g =

= /d4x\/—_g [K (R’“W — %g““R) — %g“” — %T“”] g =0
(2.112)
! ! 2.11
Ry — §QWR = ﬁ(/\gw + TMV) (2.113)
. 1
Haiinem KoHCTaHTY 57c 13 HEpEIATHBACTCKOIrO
mpeaesa
Ob611ee ypaBHEHME Ie01e3nIeCcKOit:
du
- B, B
e + [ guu” =0 (2.114)
dr"
T =5, ul(s) = xd@ (2.115)
S

CraTrdecKuii HepeJaaITUBUCTCKUI Ipeie)T IBUXKEeHHS da-
CTHUIIDL:

(2.116)



da? ~1 da’ < da N d2xi+F _0
ds 7 ds ds ds?

v = Nuv + Yuv

Q006 + F0Y00 — OsY00)
A2 1
ds2 = —5 iYoo = — U

@ - TpaB. IIOTEHIUAJ =

. 1 .
[t — Zpio
00 277

Yoo = 2¢
goo=1+00=1+2¢p
1
Ap = §A900

YpaBHenune [lyaccoHa /g rpaB. IIOTEHITUATIA:

Ap =41Gp
N3 (2.123):

Agoo = 87Gp
YpapHeHue DiiHinTeiiHa 6e3 A

1 1

Rl/__ VR:_
o 9n 2K

Lo | g

R-typ- Lo p=ger o
5 2K g tu
1

R=—-——T =
2K

1 1
R,uy — ﬁ (T,LLI/ - §guuT>

1
+2 Y00

(2.117)
(2.118)

/N

2.119)

(2.120)

(2.121)
(2.122)

(2.123)

(2.124)

(2.125)

(2.126)

(2.127)

(2.128)

(2.129)

CraTnyecKknii HepeJIATUBUCTCKIN IpeIet:

P 1 1 1
7o \PTeP) T Ak’
Ry, =0\, — 0,3, + T\, — T I
Roo = 0\ — 0oy = \CTaTMKa\ o,
1
Roo = 0; | =0, :—82@ z—A
00 (2 700) 50itig00 = 52900
[Togcransgem B (2.130):
1
Adgon —
goo = 5P
CpaBuuBas ¢ (2.125):
1
— =81G
2K

YpapHeHue DiHIITEeHA ¢ A-TIEHOM:

1
R, — §gWR =81G(Agu + 1))

(2.130)

(2.131)
(2.132)

(2.133)

(2.134)

(2.135)

(2.136)



