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JlokaJsibHO JIOopeHIleBbI CUCTEMBI OTCYETA

Ecmn ng # (0 xoTst ObI B OJIHOI cucTeMe OTCYeTa, TO
s, =# (0 B 1000t cucTeme OoTCYeTa, CJIEIOBATEIHLHO B
moboit cucreme orciera I'G, =# (0 ¥ TpaBUTAIINIO UCKJIIO-
YUTHb HEBO3MOXKHO. YTOOBI I'paBUTAIUI0 MOXKHO OBLIO

nokasnpHO HeKMounTh, B OTO mpebyemes C5 = 0,
=1% =17
By alé)

[Tpobsiembr co cmmHOM — Teopus ditHmTeitHa- KapTana.

Ecim Cgv = (0, To apUHAYIO CBA3HOCTDb A0KAALHO 3AHY-
AUMD MOACHO,

!/
et = ot + T} 272’

oz’ ox"

(2.1)

dz'|, = dz"|, = o = oL S = oy (2.2)
a?xlu
_qw 7
drPoxs |, 125 + 15 = (2:3)

o Oz 0x" 0x® 5 Oz’ x® Ot
A9 0P Oxtd % O OO OxPOxE
= 030305 0. — 0305 (Tl + Tj.) =

=D = (Th+T3) (24)

Th+ T = T(0) = Th(0) = 0. (25)
Hamnpuwmep: ,

T5 = érl)fé(()) (2.6)

Cummerpuanocts [y ; — Heobxomumoe yeosue!

C noMoIipio mpeodbpaszoBaHus

i =JgJ", J ==
g g ? (ax/>

CUMETPUYIHAT MATPUIIA § MOXKET OBITH IIPUBEJIEHA K JIa-
rOHAJIbHOMY BUJLY

(2.7)

KV 0
N — k!
g = _kz , k'u > 0 (28)
0 — k3
C nomoripio MacmTabHOro mpeodbpaszoBaHus:
| 1 ' 0
e — _ — 4= -
X i \/ﬁ 9muv Nuv g 0 —1 4
(2.9)

[Ipeobpazosanue (2.1) B custy (2.2) He MEHSIET TEH30PHI
B HadaJie KOOP/UHAT, TTOSTOMY CBA3HOCTb MOXKHO 3aHY-
JINTH [OCJIE TOTO, KaK KaK § IPUBEJIEH K JIOPEHIOBY BH-

AY-

MeTpudecknil TeH30p MOXKHO IpUBECTH K JlopeHtie-
BY BHJLY U CBA3HOCTH MOXKHO 3aHY/JIUTH OJIHOBPEMEH-
HO — 9TO JIOKAJBHO JIopeHIeBa cucTeMa OTCIeTa




ABHOEe BBIpaxKeHne Ko3(pUIMeHToB CBA3HOCTH
gepe3 MeTPuIeCKnil TEH30P

Vcnonbsyerca odrnospementio METPUYHOCTD (,;, U CUM-
METPUYHOCTb CBS3HOCTHU:

Vg = 0= 0\guw — Kugw —I1%,9., =0. (2.10)
[ 9ov + 15,900 = Orgw [Apv] | x (+1)
F,Zugcr)\ + F’Z)\gVU = a,ugu)\ [MV)\] ’ X (‘|‘1) (211)
I \Gou + 10,900 = Ovga [VAp] | X (1)
QFC)T\MQO'V - a)\g;w + aMgV)\ - a)xg)\,u ‘gyé (2-12>
0 1 ov
F)\u — ég (8)\g/w + a,ugu)\ - aVg/\,u> (213>

Tenzop KpuBU3HBI

JIBa crmocoba BBeCTH T€H30pP KPUBU3HBI.

1. Hepes komMyTaTOp KOBApPUaHTHOI IIPOU3BOIHOM
V.V, A=V, VA=V, VA= (2.14)
ViV, AY) = 0,(V, AN =T (Vo AN, (VA7) = ...

(2.15)
V., (VAN = ... (2.16)

(mocumrars! %)
V., VA = AR, (2.17)
R, =00, =0, +T) I, —T, " | (2.18)
V., VAN = AR, (mocanTaTh ) (2.19)



2. [lapamnienbHBIN MepeHoc BI0Ib 3aMKHYTOTO KOHTYPA,

A Afa)\

Az + dx) = AF(x) — TV, AVdx (2.20)
SAM(z) = Az + dx) — AM(x) = TV, AVda™  (2.21)

AAF = j[ SAM(z) = — ]f I A”da

Opwmyna Crokca:

%B...Adﬂf)\ = %/le‘jA (0,B.x»—0\B.,) (2.23)

(2.22)

1
AAY = 5 / df 05T, A) — 0z(I, A)] =
1
~ A MO, T, AV+TH 9, AV =0\ AY—T% 9, AY)
(2.24)

SAM(z) = —TH Adz* = O\A' = —TH A" (2.25)

AA" =

1
— AT O YA T, AP = O3, AT, I A) =

2

Vo p

1
AfoANOTH — 0,0 +Th TP —TH TP )AY =

Ap~ Vo opT U

1
=54 fORAY (2.26)

1
AAM = SA fOR" A (2.27)




CsoiicTBa TeH30pa KPUBU3HBI

A _ A A A A
R, =08, —a,I), +TA10 —T) 1"

wp- vo vpT puo (228)

A
RTU,uV — QTAR oy

= gA(0,1), — 0,1, + T T, — T T ) (2.29)

A T
1.
Ropy = —Rrpy) — 0OUEBUIHO (2.30)
> Ropy = —Ryrp — HE 0UEBHIHO (2.31)
e = 00Tk = 5(00goc + ot — D) (232
Regyw = +gA(0,10, + T 10, (2.33)
—gm(aurﬁo— + FipFZU)

vo = ..
gw\(aur./\. + F;);pr.p.) - gTAVMF.).\ = VM(QTAF.).\> =
— v,u(FT,..) - apJFT,.. - Fi,ur)\w- -
— a,uFT,l/O' - g)\gF£,7uFA,uo (234)

GO0 + T T ) = 0,1 0 — ¢ Te Do (2:35)

RTa,uy - a/LFT,VU_aVFT,/LU+g)\§(Ff,ﬂUF)\,VT_Ff,I/UF)\,MT) —
— a,uaagTV - a,uaTgua — ayaagT,u + auaTgua+

+ 0 (Te polar = Tewolapr) (2.36)

3.
RTO'/JI/ — R,um'a * (237)
4,
r,,+R,,+R, =0 (2.38)
3 ToxnectBa SAxodu:
[va [vuv Ve + [VW V., Vp”SOJF Vo, [vpv VMHS?QZSS%
Vo IV, Vil = =0,pR°,, = (2.38) (2.40)
5. ToxxnectBo bbanku
VR + VR, + VR, =0 (2.41)

3 ToxnecrBa fAxobn

(Vi [V VA + [V, [V0, VAN + [V, [V, V,]] A = 0;

(2.42)
Yucsmo He3aBUCHMBIX KOMIIOHEHT K-
n?(n? —1)
N = 2.43
5 (2.43)
n=4- N=20 (2.44)
n=23—> N=6 (2.45)
n=2- N=1 (2.46)
Tenzop Puyun:
R, =R, (2.47)
Ckangp KpUBU3HBI (He rayccoBa KpuBnsnal):
R=g¢"R, =R',=RY), (2.48)



I[Tony4denne ypaBaHeHniT DIHINTETHA N3 BapUAIH-
OHHOT'O NPUIANA,

Chavana odna epasumanus — 6e3 mamepuu.

IleiicTBue J10JI2KHO OBbITH OOIIEKOBAPUAHTHON BEJINYM-
HOT1.

1. XoTuMm uMeTb ypaBHEHUs BTOPOIO HOPALKA JIA g, .
2. YpaBHEHUs JIOJI?KHBI ObITH JIMHEHHBIMI OTHOCHUTE -
HO BTOPBIX ITPOU3BOJIHBIX.

1. IIpocreiiniee naeiicTBue

Sy =—A / d*z\/—g (2.49)
0g
59y = —A/d4x5 V=g :A/d4:1: 2.50
G = Guv + 5g,uy; 59 =7 (251)
det(g + 8g) = det[g(1 + g~ 'g)] =
=det g - det(1+ g~ '6g) = g(1+ Tr (97'69)) =
g(1+g"8g) =g+g-¢"0gu = (2.52)
09 =9-9""0gum (2.53)
Ao, w
05\ = —5 d*x\/—3g9" 0 g, (2.54)

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

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

S = /d4£€L (907 90/7 90//7 T ) (2'55)
0L 0L 0L
B o (0L 0L 2 _ —
5S/dx<8so R '”)6@ :
(2.56)
0L _99% L 295 . _o  (257)

8(,0 890/ 8(,0”
— Ha4MHad C BTOPOI'O YJi€EHa BXOUAT IIPOMU3BO/JIHBIE BbIC-
X IIOPAAKOB.

Ho eciu " Bxopgar B £ B kombunanuu @o”, To:
a(@@”> _ 90”5 o 8(9090”) _ 0; 82 8(9090//) _ 90//
agp 8S0/ 890//
(2.58)

IPOM3BOJIHBIX BbIIIIE 2-T0 MOPsijiKa HEe MOJTydaeTCs.
R saucur ot gy, IMEHHO Tax.

Sp=—-K / d'z/—gR = — K / d'z\/—g99" Ry,
(2.59)
(SS}g = —de4$(5(\/—g)R = 551
—K [ d*z\/—gR,,0g" | = 05,
—K [ d*z\/—gg"'0R,, | = 055

(2.60)



K
05] = 5 d'z\/—g R g"6g,, (2.61)
05y = —K/d4:c\/—gRW5gW (2.62)

ogh” =7

0(g"gn) =0 = g"0g,\ = —gadg"™ |g”  (2.63)
000g"" = —g"g" g\ = (2.64)
6g"" = —g"0gag" | p 2 v (2.65)
09" = —g"" 599" (2.66)

(SSQ — —I—K/d%?v —gRuygupg)‘V(Sgp)\ =

+K/d4x\/—ngA5gpA (2.67)

0.5y = +K/d4:1:\/—g R" 4g,,, (2.68)
053 = —K/d4a;\/—gg“”5RW (2.69)
Rﬂuz\p - akrlljp o aprﬁ/\ + Fg/\rgp o ngFg)\ (270)

(5R“VAP = NI ) — 0,01+
+ oIy + 100y — oI Iy, — T oI, (2.71)

oI — tensop, B ommeume ot [, ! (ITouemy? ¥%)

VAOTD,) = V,(017,) =
= O\(oI") ) + T, 017 ) —T%,01% , — TS 01, —
= 0p(01)) = T, 017, + I7,0170, + T80, =
=0R",,, = (2.72)

OR,, = V(0I),) — V,(01),) 2.73)

553 = —K/d%\/—g g‘“’[VA(5FfW) — Vu((SF,AM)] =
- K / d'zy/=g[Va(g"0Ty,) = Vu(g"oT),)] =
_ K / A2/ =gV (g T, — g™oT7 ) =

1
_ \w - Loy *\ _
_ K / 0 04(g8T, — g"™aT7) = 0 (2.74)

— TaK KaK II0J UHTCI'PaJIOM II0JIHAA JUBEPICHIIA.

S5 =0 (2.75)




05 =05\ + 0S5k =
A

=5 / d*z/=g 9" 89,

-5 d4x\/—g 9" ROg,

+ K/d4x\/—gR“”5gW =

1 A
- / d'r\/—g [K <RW — 5gWR) —59"
1 1
RM — —g"" R = —A\g"”
27 oK Y
1 1
K LT
K moka nemspecTHa!
Terzop DitHIITEHA:
1
G,uy = ij — §guyR

(2.77)

(2.78)

(2.79)

ITosgs maTepun, TEH30p IHEPTUN-UMILYJIbCA

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

05 = 05x(9)]sg + 05R(9)]sg+
+ 0Sm(u, g)lsg + 0Sm(u, g)lsu =0 (2.81)

Bapuanun dg,, n du HezaBucuMbI! =>

(2.80)

ypaBHeHI/IH I'paBUTAIIMOHHOI'O IIOJIA:

050 (9)log + 0SR(9)]sg + 0.5m(u, g)lsg =0 (2.82)
YpaBHEHNA TI0Iell MaTEPUN:
0Sm(u, g)|su =0 (2.83)

13 Bapmalium mOJIHOTO JeACTBUS MOJIYYaATCI U ypaB-
HeHNsI TPaBUTAIMOHHOTO T0JIA, U YpaBHEHUs TOJIel Ma-
Tepun!

Sm(uag) :/d4ﬂf _ng

1
— / dtz/—g T,,09"

(2.84)

0Sm(u, g)lsg = 5 (2.85)

T, — MeTpu4ecKuil TeH30D SHEPrUU-UMILYJIbCa I0JIef
MaTepun.

OtKya bepercst Takoe olpejiesieHue’



1

0Sm(u, g)lsg = 5 /d4:c\/—gTW59W (2.86)
IIpumep. CkangpHoe moJie
1 1
Lse = 50000 = V() = 59" upOup — V(9) (2.87)

0S5l g, = / d'z [5\/—7 <%g“”8u90(9yg0 — V(go)) +
+v=g % 59“”(%@#] =
= / d'z E\/fg 9" Gy Gg’”@p@@as& - V(Sﬁ)) -
—%\/—7 9"69009”" M@y@] -

1
= — [ d*zy/=gx
2/33 9

1
[g’“‘” <— g°70,00,p — V(@)) —g"g” pgoé&;w] 0Gpuw

2
(2.88)
(2.85)=
T = g™ g 0pp0sp — 9" Lc(@) | Gopgsy  (2.89)
Top = O0dpp — gupl(p) (2.90)

— 00OBITHOE BHIPAXKEHNE TEH30Pa SHEPIUN-UMITYJILCA, CKa-
JITPHOTO TIOJISA, CJeyIolee M3 TeopeMbl Herep.

YpaBHeHUd T'PABUTAIMOHHOIO MOJIdA C y9€TOM Ma-
TepUNn

0S5 =05y +0Sg+ 4S5, =
1 A 1
- [davma[ic (e Lpm) A o) s

2 2 2
(2.91)
1 1
Ruv - éguuR — ﬁ(AgMV + TMV) (2'92)
Haiine OHCTA !
i1eM KOHCTAHTY ——
pi | Yy oK

CraTnyecknii HepeJIATUBUCTCKUN Tpeaes IBUXKEeHN Jar-
CTHIIBI:

A2t dz® dz’
M — =0 2.93
ds? B ds ds ( )

da dx’ da A2
—~1 — = [ 0 2.94
ds " ds < ds ds? oo ( )
uv = N + Yuv (295)

: 1 . 1
Foo = 577@0((90700 + 90%00 — 9oY00) = +§8@-%0 (2.96)

>’ 1
= —=0,; = —,; 2.97
T2 5070 p (2.97)
@ - I'paB. IIOTEHIMAJI
goo=1+70=1+2¢p (2.98)
1
Ap = 58gm (2.99)



YpapHenne [lyaccora mjad rpaB. TOTEHITIATA:

Ap = 41Gp
Nz (2.99):
Agoo = 8tGp
YpaBHenne Jiiamreiina 6e3 A
1 1 )
Ry — §9WR = ﬁTuv | 9"
1 1
R——-4R=—/7T, T=¢"T, =
2 T oK g
1
R=——"T =
2K

1 1
R/w — ﬁ (T,ul/ — §g,uz/T>

Crarnyeckuil HepeJIATUBUCTCKUI ITpeIest:

R 1 1 1
Ry, =0\, — 9y, + T\, — T I
Roo = 0\ — o'y, (crarmuno)

1
Ry = §A900 = Agoy = 2Ry

1
Ago = —
goo = 57P
CpasuuBag ¢ (2.101):
1
— =81G

2K

(2.100)

(2.101)

(2.102)

(2.103)

(2.104)

(2.105)

(2.106)

(2.107)
(2.108)

(2.109)

(2.110)

(2.111)

YpapHeHue DiHInTeHA ¢ A-TIeHOM:

1
R, — §gWR =81G(Agu + 1))

(2.112)

N3 ypaBHeHus DifHINTElHA cJjeayeT KOBAapPWHT-

HbIl 3AKOH COXpPaHEHUd MMIYJIbCA:

VH = g¢"V,
1
\Ya (RW — égWR) =0 = V"7, =0
JloKazaTeabCTBO.

ToxxiecrBo branku:

A A A
VR, + VR, + VR, =0

ouy

CBopadmBaeM 10 A, i

VR + VaRY,, + VR, =0

oAV
VoRoy = VyRoy+ VAR, =0 ¢
V’R,, —V,R+V'R,, =0
V’Ry, — V"(guwR) + V Ry, =

=2V'R,, — V(9w R) =
1

(2.113)

(2.114)

(2.115)

(2.116)

(2.117)
(2.118)

SPAYG (R,W - §gM,,R> =0 (2.119)



JImHeapm30BaHHbIE YpaBHEeHNsS DIWHIITEITHA

1
Rw/ = 81 (TMV - ég,uyT> (2120)
Juv = M T huy (2.121)
RU/WA(QMV — nuu) = 0 (2122)
F/;A(gwf = UW) =0 = (2.123)

Bcé R n Bcé [ — 970 BO3MyIIEeHNd HaJ HYJIEBHIMU 3HA-
YeHUAMM 32 CHeT BO3MYyIleHusd hy,

=> MOXKHO HMCIIOJIb30BaTh (DOPMYJIbI IIEPBOIO MIOPSIKA,
JJIs1 BO3MYIIEHU:

R”MP = o\, — 9,I"), (0 we mumew) (2.124)

1
LYy = SO (Oshp + Ol — Do) =

_ Yoo v oo n. —oon ) (2.125
5 p P p

1
QJFZ)\ = iﬁp[nk"(ath + O\hoy — aahl/)\>] =

= LD+ 0,0y — 0,0 hun) (2126)

1
R,uu = é(fy(?uhm + a)\&/h)\,u — a)\a)\hul/ - al/auhﬁ)
(2.127)

R, kasmOpoBOYHO MHBAPUAHTHO OTHOCUTE/IbHO IIPe0d-
Pa30BaHUSI:

hy — hyy + 0,8 + 0,6, (mpoBeputs %)  (2.128)

['apMmonnYeckas KaJnbpoBKa:

1
O ht — 5al,h§ =0 (2.129)
obecIieveHa, ec/iu
1
0,0"¢, = — (auhg - §h§) (2.130)
Torma, nz (2.127) %%k
1 1
R, = —éa%hw = —50hu = (2.131)
1
Oh,, = 167G <TW - 5an) (2.132)

Ecm 1), =0, To
[y, = 0 = BoJiHOBOE ypaBHeHHe, I'DaB. BOJIHbBI B Ba-
KyyMe.

Sameuanue: ecsim G = (, TO rpaB. BOJHBI BCE PaBHO

€CTb.



Makpockonundeckuii (peHoOMeHOJIOTnIecKnii TeH-
30p SHEPrUuu-UMILyJIbCa W30TPOMNHOIO <«Bellle-
CTBa»

1. Tlokosiimeecst BemecTBO (<«umeaibHast KUTKOCTh> ) B
npocTpancTBe MUHKOBCKOTO:

. y
pv _
T ( , D , ) (2.133)
u" = (1,0,0,0) (2.134)
2. BemecTBo aBmkercd B mpocTpancTBe MHUHKOBCKOIO:
(p+ p)u'u” — pn'” — 310 Tenzop (2.135)

B cucreme mokosg MaTepuu:

: 0 : 1
0 —Pp —1 =
0 —1

P
_< Py ) (2.136)
p

B npousBo/ibHOI ABUKYIIEiicsS cucTeMe:
" = (p+ p)u'v” — pn™

(p+p)

(2.137)

3. BemecTBo B MpOM3BOJILHOI CUCTEME.
B jiokasbHO-JIopeHIieBoit cucreMe JI0JIXKHO OBITh:

" = (p+ p)u'u” — pn™ (2.138)
Torma obekoBapuaHTHBIN TeH30p DU:
" = (p+ p)u'u” — pg"” (2.139)

CraTudeckoe N30TPOITHOE BemeCTBO KaK HMCTOY-
HUK I'PaBUTalN

Oh,, = —167G (T/w — %WVT) (2.140)
Jlist kommorertsr 00: \T = p — 3p\
Oyhoy — Ahgy = —87G(p + 3p) = (2.141)
Ahg = 81G(p + 3p) (2.142)
B nepenarusucrckoit cratuke (cm. (2.99)):
Ahgy = 2Ap = (2.143)
Ap =47G(p + 3p) (2.144)

cToganKOM TpaBUTAITUN SBJSETCA He p, & p + 3p.
Ecm p < 0, p=0 = aHTUrpaBuTaId.
Eciu p 4 3p < 0 = ToxKe aHTUI'DABUTALINA!

A-ajten
1
: 1
T = A oy (2.146)

—1

Ectm A >0, 10 p+3p=—2A < 0.
Kocwmonornueckasa KoncranTa /A > (0 IpuBOAUT K aHTH-
I'DABUTAITUN.



