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npeAnaraeMbl11 BHI-1MaHl-11O rpaBI-1Ta41-10HI-1CTOB KOHCneKT TeOp1-11-1 act>Q>I-1H­
HO~ CB~3HOCTI-1 Han~caH no ~Hl-1re/l/ B CBR3~ c A~cKyccl-1e~ 06 3Hep­
rl-1l-1 rpaB~Ta41-10HHOrO non~ /CM!2/ ~ 4~Tl-1pOBaHHYIO TaM n~TepaTYPY/. 
npl-1 3TOM nonyvunac s oeayns r aru , ~MelOl4l-1e npanoe o r aoureuae K c r ons 
TPYAHOMY nOH~T~IO. BMecTe c KOHcneKTOM ny6nl-1KyeM ~ 3T~ pe3ynbTa­
ru , 

Bce reoxerpavecxae oõ'sexru B AaHHo~ paõo'r e or ueceuu K KOopA~­
aHaTHOMY 6a31-1cy da = d x" 1-1 AyanbHOMY 6a3~cy a '= a ax a­

Act>ct>~HHAR CBH3HOCTb 
A 

TeH30pHblM nonex T runa ( B ) Ha3blBaeM TeH30pHoe none C KOMnO­
a 1.o.aA 

HeHTaM~ T b b 
1 "0 B 

o 

Act>ct>I-1HHa~ CBR3HOCTb 1 BBOAI-1TCFI Ha MHorooúpa3~~ C TaKI-1M paC4e­
TOM, 4T06bl KOBap"1aHTHa~ np0l-13BOAHaFl V T ruoõor-o TeH30pHOrO nona 
T runa ( ~) a ananac s TeH30pHblM none» r ana (~1) o 

An~ BeKTopHoro non~ nonaralOT 

V T = a T - la T /1/m n m n mn a o 

a
OTclOAa cneAyeT, 4TO KOMnOHeHT~ l mn CBFl3HOCTI-1 npl-1 nepeXOAe OT 
KOOPAI-1HaTHOH KapTbI K K KapTe K npe06pa3YlOTcFI no npaBl-1ny 

- a' ; ax P ax q e» x' ai a 
1 = (f' '-- --- + --------- ) /2/ 

mn pq ai In ai n ai m ai n ax 
~3 /2/ cneAyeT, 4TO Ar.~ nlO60ro BeKTopHoro nOIlFl T KOM61-1Ha41-11-1 

a a T n1 aV m T = a T + 1 
/3/m mn
 

F1BIlFlIOTCFI KOMnOHeHTaMI-1 r euaopuoro nona V T rurta ( 1 ).
 
A 

KOBapl-1aHTHa~ np0l-13BOAHaFl ruoõoro r euaoouoro nona T r ana ( B) 

COCTaBnFleTC~ no npaBl-1ny AI-1ct>ct>epeH4I-1pOBaHI-1R np0I-13BeAeHI-1F1, Hanpl-1­

Mep:
 

V T = a T - r 8 T - 1 8 T
k mn k mn km sn kn ms • 

a a s a a s
 
V k T m = ak T lkm T s + I\s T m •
 m 

~b'h'.ti~lÍ~ wj.ü~M ~HcnrrV'l , 1© Ü6'beAHHeHllbIH HHCTHTYT RA P~J..,.u.ç~e.qgB~~m lr.Yo.-'~p; 986,
Ut.tsI!Jl~ tjCCoQe»lt)R1Uft~ 

P'! liÃ" ftll III ~ ......... tia •
f 

http:P~J..,.u.�~e


n T ab= a T ab + r, a T sb + r b T a s 
v k k ks ks' 

a a s a /4/V k T mn :=: ak T mn - r km T sn 

s a a s 
r kn T ms+ r k s T mn 

AnH CKanHpHO~ ~YHK4~~ T nOnara~T VkT ak To
 
KaK 3TO cneAyeT ~3 /2/, pa3HOCTb
 

a a a 
3 mn = r mo - rnm /5/ 

HBnHeTCH TeH30pOM. Ero Ha3b1Ba~T TeH30pOM Kpy~eH~Ho HHorAa TeH­

30pOM Kpy~eH~H Ha3WBa~T nonOB~HY pa3HOCT~ /5/. .
 

PaCCMOTp~M onepaTOp
 
p • 

V kl = Vk VI - V k VI +3 kl V P • /b/ 
B np~MeHeH~~ K cKanHpHo~ ~YHKU.~~ T OH naer Hynb ( V kl T.= O),
 
a B np~MeHeH~~ K KOBeKTopHOMY non~ Tn - cneAY~~~ pe3ynbTaT:
 

a /7/
V kl T n == - R kln Ta ' 

rne
 
a a a
 

R kln = - aI r kn +ak r 1n /8/ 

N 
+ l (r a rI s - rI a rk

s )
k

o 

s=1 s n s n 

H3 /7/ cneAyeT, ~TO KOM6~Ha4~H /8/ HBnHeTCH TeH30pOM. OH Ha3W­
BaeTçH TeH30pOM Kp~B~3HW ~n~ TeH30pOM P~MaHa - Kp~CTo~~enH. 

CBepTKa 
a /9/R In = R a l n 

Ha3blBaeTCH TeH30pOM P~~~~ o 3,aMeT~M o~eB~AHOe TO}/(AeCTBO
 
a a
 /10/

R kln + R lkn == O. 

D np~MeHeH~~ K BeKTopHoMY noruo Ta oneparop /6/ AaeT 

a a a /11/
Vkl T = RklnT . 

nerKO npOCMaTp~BaeTCH aHanor~H Me}/(AY ~opMynaM~ /1/, /3/ ~ ~op­
MynaM~ /7/, /11/. OHa oacnpocr paaaet ca Ha ace reasopuue nons , 

HanpVlMep, 

== -R~lm - R ~\n T ms'V k l T mn T sn 

>n a. s a a S /12/
V kl 1'm = - R klm T s + R k ls T m, 

ab a sb b as
 
\l kl T = R kls T + R kls T
 

2 

a s a s a a s
 
VklTmn =- RklmTsn - RklnTms +
 R k 1s .T mn· 

~opMynbl / 12/ nonyvaor ca ~3 oop-iyn /4 / 3aMeHO~ V k - ak Ha V kl 
~ r 

a Ha a 
k m R k1m• 

CBEPHYTAfl CBfl3HOCTb 

CBepHYTO~ /a~~~HHo~/ CBH3HOCTb~ Ha3WBaeM CBepTKY 

rm=r:a . /13/ 

CornaCHO /2/, ee KOMnOHeHTbl npeo6pa3Y~TcH cneAY~~~M o6pa30M: 

-' axp a ax í r m = -----;::- r p + --, --- /14/m 1 max ax ax 

3TY ~opMyny MO}/(HO np~BeCT~ K B~AY 

- ax P a' 
r m:=: -- (rp + -- In J) , /14';ai m ax P 

rAe J - ~Ko6~aH npeo6pa30BaH~H 

J = a(x 1, ••• , X N ) 
/15/

-1 -Na(x , ... , x ) 
TaK KaK A~~~epeH4~an onpeAen~TenH ~ n~6o~ MaTp~4W (~~) paBeH 
d 4J == ~,k d ~ i , rne ~ ,k - anreõp aavec xoe AononHeH~e anene ar a ~ki . 

1 k 1 O 
KOBap~aHTHaH npOVl3BOAHaH TeH30pa r-ma ( N) paaua 

a 
Vm f k

1 
0.0 k am(k r mk .. ·k

N 1.··kN 1(ak2 N 

/16/a 
- rmll.~,k1"· 'k N-1a 

EcnVl 3TOT TeH30p aHTVlC~MMeTp~~eH no °n~6o~ nape 3Ha~KOB k •• • kN ' 1
TO KOM6V1Ha4~H 

r b ( -L b ( _... _ r b e /16'/ma k 1 .. ·k mk 1 ak 2 ... k N mk N k 1...kN-1 aN 

aHT~C~MMeTp~~Ha no nt06o~ nape 3Ha~KOB a, k 1 , 0'0 k N' Cnenoea rens­, 

HO, OHa paBHa ~Hyn~ 

V ( :=: (a - r ) f /16 q / 
m k

1
...k m m k 1 ...k NN 

AHanor~~HO AOKa3~BaeTC~, ~TO 

a c =_R e /17/
Vmnk1 ... kN mna k 1 ... k N 

3 



H3 /8/' HaXOAHM, 4TO ApyraH CBepTKa TeH30pa KpHBH3HW paBHa 
a . 

0mn= R mna = In - a l m . /18/am n 

3TOT TeH30p Ha3WBaeM KPHBH3HO~ cBepHYTo~ CBH3HOCTH. 
Ha opHeHTHpyeMüM MHoroo6pa3HH cy~ecTByeT HHrAe He o6pa~a~­

~aHCH B Hynb N-~opMa. Bw6HpaH TaKO~ aTnac, AnH KOToporo Bce HKO­

6HaHbl /15/ C50nbwe Hynrl, Mo»<eM nOnO»<HTb f = f l ... N > O AnH BCeX 
KapT, COCTaBnH~HX aTnaC. Ae~CTBHTenbHO, ecnH f> O, TO H7 
= f = Jf > O. nonaraH, 4TO KOBapHaHTHaH npOH3BOAHaH TeH30pa 
fk l.·k·

N 
p aaua Hymo, H3 /16 1 1 / HaXOAHM

1 ... N 

1m = am In f •	 /19/ 

B TaKOM cnY4ae 

/20/n mn= O. 

no cy r a 3AeCb Mbl HMenH neno c IInpOAon»<eHHblMII AH~cl>epeH4HpOBa­
HHeM H IIAnHHHo~1I npOH3BOAHO~. 

nPEOoPA30BAHHE CBR3HOCTH 

nYCTb Tenepb Ha MHoroo6pa3HH 3aAaHW ABe CBH3HOCTH, 1 H 1 
c K03~~H4HeHTaMH r a H fa COOTBeTCTBeHHO. nepeXOA OT OAHO~ H3 

mn mn	 /1/
HHX K APyro~ Ha3~BaeTCH npeo6pa30BaHHeM CBH3HOCTH ' H3 /2/ 
cneAyeT, 4TO pa3HOCTb 

P a = f a _ r a	 /21/mn m n mn 

H8nHeTCH TeH30pOM. 3TOT TeH30p Ha3WBa~T TeH30pOM a~~HHHO~ Ae­
~opMa4HH. nOAcTaBnHH B3HToe oTc~Aa Bblpa»<eHHe AnH r;n B ~opMyny 
/8/, nonY4aeM 3aKOH H3MeHeHHH TeH30pa KpHBH3Hbl npH npeo6pa30Ba­

HHH C8H3HOCTH: 

.... a	 aa m a a
 
VI +
R kIn R kln + S kl Pmn + V k P In Pkn 

/22/ 
N 

a s __ P a S 
+ I (Pk8 Pl~ 18 Pk n 

). 
8:= 1 

Pa3HOCTb 

P m = f m - 1 m = P ~a	 /23/ 

eCTb~KOB~KTOP a~~HHHo~ Ae~opMa4HH. H3 /18/ nonY4aeM 3aKOH H3Me­
HeHHH TeH30pa KpHBH3HW c8epHYTo~ CBH3HOCTH: 

Okl = Okl + ak P1 - aI Pk •	 /24/ 

4TO cornacyeTcH c /22/. 

4 

CHMMETPH4HAR CBR3HOCTb. 3KBHA~~HHHAR CBR3HOCTb 

-~anbwe 6YAeM paCCMaTpHBaTb TonbKO CHMMeTpH4Hwe CB~3HOCTH, 

T.e. 6YAeM nonaraTb 

a 
l mn '= 

a 
Çm /25/ 

TaK 4TO TeH30p KpY4eH~r1 6YAeT paaHH~b~~ Hyn~. 

B 3TOM cnY4ae 1.1" \ .... l' 

a a :lo 

Rklll'~+ R nkli.;t; Rlnk' j '~'" O. ",ri­ "c ,{ 
(26/ 

B peáyns r are C8epTKH OTC~Aa, norty-raea : 
~ t 

n + R - Rlk"':::'O:'-' , \ '.	 /277 " k1 k1 
'1 

CHMMeTpH4HaH C8H3HOCTb, CSepTKa KOTOpO~ p aaua /1'9/, Ha3bls'aeT-
CH:9kBHa~cl>HHHO~. B 3TOM cnY4ae TeH30p PH44H cHMMeTpH~eH: 

Rkl = Rlk •	 "/28/ 

HapHd:V '~ anre6pàH"4ecKHMH TO>KAe!cTBaMH /101 H /261 cyuiec r aye r 

euie OAHO aec s aa aaxaoe AH~~epeH4HanbHoe TO»<AeCT8o":' a H'MeHHO: 
a a a 

V i'Rkln + V' 1 R i kn + V-k,R U n = 0, ! /29/ 
/1 I

Ha3blBaeMoe TO>t<AeCT80M oHaHKH -Ilano aa . 

J:,\nH CHMMéT-PH4HbIX. C8H3HOCT~~' r euaop a~~HHHO~ Àe~opMa4HH TaK>Ke 
C~MMeTpH4eH, T.e~ 

a "a 
P rnn = Pnrn •	 /30/ 

AnH CHMMeTpH4H~X C8H3HOCTe~ 3aKOH /22/ 3anHweM 8 A~YX 3KBHBa­
neHTHblX 8HAaX 
~ a a a a 
R kln = R kln + V k P 1n - VI P kn + 

/31/
Nas a s 

+	 I (Pk 8 P 1n - PIs P kn i. 
s= 1 

à ~a ~ a ., a 
Rkln =' R k1n + VI P kn - V kP 1n + 

/32/ 
N a 8 a 8 

+ I P 1 - P 18 .(Pk8 Pkn ) 
s= 1 n 

AnH 3K8Ha~~HHHWX C8H3HOCTe~ nOnY4aeM CneACTBHe 

a	 8 a H /33/Rln = Rln +Va~n -VIPn + - PIs P an,P s P 1n 

~ a s a s /34/
Rln R In + VI P n - V aP 1n + P s Pln - PIs Pan • 

5 



J:Ae 

1J51P n a.nm ~, 
e 

CB~3HOCJb K~~tTO~ERB 

3aAaAHM Ha MHoro06pa3H~ ~~S~pO*AeHH~ij C~MMeTp~~H~~ ~e~30p 

g mn J,II norpeôyex , Y-ToGbI -era .KOSapVI<JH;·Hafl npollJ3S0Jllia:R 110 'C~MMeT­

"pW4HOV. CBR3HOcrnr:n paauanec e HYlllO, r ;e , 1l0nO>KHM 

-g '= det (g mn ) = O, 1; mn == g.nm' ., 

IJ61 a 
Smn == Ü, V a g mn == -O • 

a 
HeTPYAHO y6e,q\.'lTbCfI, lITO B TaKOM cnyuae CB'fI3'HOCTb r mn pilBHa cKo6­
Ke K-PJ,llCTo<ll(J>enR 

a 1 ak , .
1mn 1 == 2" g ta m g kn + .an .g km - a..k g mn ) , 131/ 

ma m rne g .g an == Õ n ~ 

mn 
" H3 paeeuc r aa V 3. g mn == ° cnenyer Va g == O. -a 3Ha4HT, onepauaa 

onYCKaHHfl H nOAHflH1R r euaop asrx HHAeKCOB c nOMoUlbJO g mn 14 g .mn KOM­
MYTaTHBHa C oneoau-rea KoaapHaHTHoro AHtlJ<t>epeHL.lHpOaaHHfl no CBfl3­

HOCTJ..1 KPHCT-oc!>(j)ellfl 137/. 
CB~pTKa CBR3HOCTM /3J/ paBHa 

l .a r 1 ab 1=-g dg b ==--d g, /38/
'ma 2 m a 2!? m 

T.e. npeAcTaBllfleTcfl B BHAe /19/, rAe 

( == jjgT . /39/ 

ClleAoBaTellbHO, CBfl3HOCTb KpHCTO$~ellR /371 3KBHaCPCPHHHaQ 
Ilonaraa B nep aoü H3 ~OPMYIl /12/ T m n = gmn.. HaxoAHM, 4TO B cny­

4ae CBR3HOCTH KpJ,llCTo~cpellfl
 

s s
 /40}
gsn + gsm == O.R k1m R k1n
 

CorIlacHo /10/, /40/ M /261, TeH30p
 

a
 /41/
R klmn == R klm g an 

Ta1<OB, 4TO 

o, /42/
R klm~ + R lkmn 0, R klrnn + R klron 

/43/O.R klmn + R mkln + R l mkn 

6 

AOKa>KeM, 4TO M3 To~eCTB /42/ H /43/ cneAyet TO>KAeCTBO 

R klmn == R mnkI • /44/ 

tlIlfl 3Toro CAenaeM B /43/ Bce 4HK~H4ecKHe nepeCTaHOBKH HHAeKcoe: 

+ + R Imkn ee . O, R mnkl + Rkmnl + Rnkml == O,R }rlmn R mk1n 

R lmnk + R nlmk + R mnlk == O. 
R nklm + R lnkrn + Rklnm == O" 

B~4HTaR H3 eepXHHX paBeHCTB HH>KHHe, nOllY4aeM
 
o',
 

R klmn - R klnm
 == R nklm + Rlnkm - Rmkln - Rlmkn 

R mnkl - R mnlk == R lmnk + R nlmk - R kmnl - R nkml . 

OTc~Aa H H3 /42/ cIleAyeT /44/.
 
B Clly4ae CB~3HOCTH KPHcTocpcpeIlR HapflAY C TeH30pOM PH44H 19/
 

paCCMaTpHBaeM cKâllflp KpHeH3H~
 

mn

R == g R mn /45/ 

H TeH30P 3~HWTe~Ha 

1 /46/
Oab == Rab - -- Rgab • 

2 k in 
CBepT~Bafl TO>KAeCTBa 6HaHKH - naAoBa /69/ C TeH30pOM Ba g , 

HaxoAHM 

/47/2 V nR oI == V I R. 

'CIleAoeaTeIlbHO, KoeapHaHTHafl AHBepreHL.lHfl TeH30pq /46/ paBHa HYIlIO. 

KOOPAHHATHAR CBR3HOCTb 

CBR~HOCTb, Bce KOMnOHeHT~ KOTOpO~ B HeKoTopoK KooPAHHaTHo~ 
xap re K paBHbl HYlllO, Ha3blBaeM Koop,gHHaTHo~ CBR3HOCT blO, nOpO>KAeH­

HO~ KapTo~ K . Ty )f(e caMYIO CBR3HOCTb nopoxa aer ll106aR IlHHeHHO 

Cf(fleeHHafl C KKapTa. CorllaCHo /2/, 8 npOH3BOIlbHO CKlleeHHOH C K 
KapTe K03CPCPHL.lHeHT~ KOOPAHHaTHO~ CBfl3H6cTH paBH~ 

N 2 - i 

r a 
I ax a a ·X /48/ 

m o i= 1 a.x i ax m ax n 

TeH30p KPY4eHHfl H TeH30p KpHBH3H~ KOOPAHHaTHO~ CBfl3HOCTH /48/ 
paBH~ HYIl~: 

a a /49/ 
S mn = O, R kln O. 

7 



li 

4ACTHW~ BHA TEH30PA A$~HHHO~ AE~OPMAUHH
CBepTKa KOOpn~HaTHOW CBfi3HOCTH /48/ paBHa 

-1 -N
_iJ_ in J(X • ••• • ][ )rm r:a /50/
iJx m iHx 1••••• x N) 

TaK 4TO KOOPAMHaTHY~ CB~3HOCTb MO*HO C4HTaTb 3KBHa~HHHOW, no-
J10>DIB E = €O J"-~. rne E = const, a J paSHO /15/. " 

ECnM ~ $Op~nax /317-/34/ C4HTaTb, 4TO CBH3HOCTb r:oKOOPAH­
HaTHaR, TO OHM npWMYT BWA }. 

a a a Nas a s 
Rkln =_0 V kl\n + VI P k n - 1: (Pks P lu - PIs P ku ) /51/ 

5=1 

a .. a a N a 6 a s
 
Rkln =- VkPlI.n + VI Pkn - :I (Pk s Pio - PIs P k o ) /52/
 

s= 1
 

s a s 
"=,_..alo VaP~ + VI P n ...,. (Ps PIo _0 PIs P an ) /53/ 

~ a s a s
 
RIu = - VaP}n + VI P 11 - (Ps Pio - Pis Pao l. /54/
 

EcnM 06e CBR3HOCTH KOOPAHHaTHYe, TO TeH30p a~HHoH A~OpMa4MH 

YAOBJIeTBOpReT cneJWlOIije.,.y YCOOBHIO, 3amCaHHOMY B ABYX 3KSWSaneHT­
I-IbIX BM,Aax: 

a a Nas a s 
VkPl n VIPkn 1: (Pks P In _0 Pis Pkn ) • 

8=1 
/55/ 

_ a - a Nas as 
VkPl n _0 V I PIm = - 1: (Pk s P1n - PIs P tn ) . 

s=l 

KooPAHHaTHYQ CBfl3HOCTb /48/ npM .enaHMM MomHO nPeACTaBHTb 
B BMAe CK06KH KpMcTo~enH /37/ M Aame HeOAH03Ha4HO. neMCTBHTeflb­
HO, B03bMeM nm6ym Heoco6eHHym CMMMeTPM4HYU MaTpM4Y OM ab ) . rAe 

M ab - lLDIcna, a He 4>YHKijJ.1Y.1, 11 nW10llMM B xapre K 

N N aip aiCl
 
g = 2 2 !fl7l - - --b /56/


ab p= 1 q=l pq iJx a iJx
 (\
AnR TaKoro MeTpw4eCKOrO TeH30pa 

j
~ a 2-ia !li UI a x

Imn,1 =.2 157/ 
i=l ai i dX m axD 

B 4eM HeTPY.q1HlO y6€AMTbCH. Boo6rJIe, AlUi nJ060~ - He 06R3aTeJlbHO 
Heoc06eHHoM - CHMMeTpllJ4HOW MaTpMqb1 4iHCeJl (M ab )0 KOBapHaHTHaR npo­
M3BQAHaR OT TeH30pa /56/ no CBH3HOCTM /48/ paBHa HYJ1m. 

8 " 

HMeeM 
.., ab ab ou a sb .., b as 
Vk g :;::odkg +rksg +rksg 

/58/ 
ab t a l sb t b l asdli g = - ks I g - ks I g • 

CneAOBaTenbHO, ecnH B pa3HOCTH /21/ B~4HTaeMoe paBHO /37/, TO 

.., ab a sb b as /59/V k g- :;:: g + Pk s -g -Pk s 

AHanorW4Ho,~MeeM 

.., s S

Vkgmn= dk gmn _0 r km gsn _0 
ou

fkn g ms 

/60/ 
s S
 

dk g mn = I km I gsn + I kn I g ms •
 

CneAosaTellbHO, 
s . s /61/Vk gmn :;:: -- Pkm gsn - Pkn gms 

nOCKOJ1bKY MbI ycnoB~n~Cb paccaa'rpaaars TOIlbKO C~MMeTpJ;t4Hble
 

CSH3HOCT~, TO
 
a 1 ak .., .., )
ou 

Pmn = - 2" g (V fi g kn + V n g km -V k g mn • /62/ 

0603Ha4Y1M <) a BeKTOp 

<)a = gmnpa /63/
mn • 

H3 /59/ nonY4aeM 

a (~ ab /64/tI> = V b - Pb ) g . 

ECJ1W CBH3HOCTb r a 3KBJ;taC1>C1>J;tHHa, TO 
mn
 

tI>a_ '; _V ( € a,b)

'-(b~g • /65/ 

E 

Aan~~e 6YAeM C4~TaTb, 4TO CBR3HOCTb r:n paBHa /37/, a CBR3­
HOCTb fa paaua /48/" BblpameHHe f: -1 = J 6YAeM C4HTaTb paBHblM 

/15/" mn 

nPE06PA30BAHHE CKAfl$lPA KPHBH3Hbl 

~3 $OPMYJ1b1 /53/ cneAyeT, 4TO 

mn a b s a /66/
R g (Pmb Pan - P s P mn) + V a fi • 

rAe 

{} a = p ma _ P a mn . /67/ 
m g mn g 

9 
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$YHKUHOHAn rWnb6EPTA H ErO BAPWAUHR 
naDbIDe oF~3Ha4ae~ -$YHK411l0Han rlllnb6epTa OT MeTplll4eCKoro TeH'30pa g mn p aaeu lralln == V -u atnbn 

m U a-b = V~U abn. J77J 
H == J Rl dx 1 ••• dx N. /68/ '~3 ./7~J .cnep.ye1" 

w a ::: grna ôrnrn _ gmn (5rrffn 

H3 /39/ 11I /38/ cneAyeT 

(5 1 ô ab e ::: - 2 f gab g . 

TaKIIlM 06pa30M, 

3aKOH /33/ 1Il3MeHeHIIlR TeH30pa PIIl4411l cpa3Y AaeT Bapllla4H~ 
.ae"i1cTBIIlTenbHo, csep'TblBaR /33/ c TeH30POM.'g In == g In + ôg In 

11I npeHe6peraR KBaApaTIIl4H~MIIl nonpaBKaMIIl, HaxoAIIlM 

8 R = .R a b Ô g ab - V a ú.l a " 

rne aexrcp ú.l a aHanorlll4eH BeKTOpy /67/: 

ôH. 

/69/ 

/70/ 

/71/ 

, ~ 

:j 
I 

ti 
I 
I 
I 

, 

rAe 
.ab altij b . .s .ajk1> -s 1-s 

.1;/ = li Pi.s P j k + U U~S Pj k -' Pj:s Plk )­

11 -­ amkn -p n v n ambk p .., TIambn 
-. P mk VnU - mk V nU 7-.fi V n .• 

B nocneAHeH ~opMyne C nOM~bID 176J MomHO 1Il36aB~TbCR 

HblX 'V n· B peaynerare nonywaer ca 

V ab = E,a pb U k lrnn A U-ambn 
"km In T IDO + 

U-a.Q~ = P:k Ua-mkn '!­ P;k U·ambk - Pm U ambn -

f:enep'b HâXOAHM 

2{lJ"~2 G ab.= U ab + v ab , 

l~(U 

UT npOH3BO~­

1181 

11.91 

ôH J(G ab 
ab 

(5g - V a ú.l 
a 

) 
1 N 

f d X ••• d X • /72/ a bkmo 
+ fi kmn U 

b akmn 
+ B kmn U 

/81/ 

r,qe 
s i k 

A mn= 2Ps PlDn - P mk P l n - P1Il ~n • 
nPE06PA30BAHHE TEH30PA 3~HWTE~HA 

a a s a 
PaCCMOTplllM TeH30p B kIDn;;= I\m P n + PkmPsn • 

a mbn ()2 ( a b mn an mb) /73/ nonaraR '3AeCb r~n = O, nOJlY4aeM ct>opMynbl C1-1 Hra 13/.U == (J g g - g g , 

rne f paBHO /39/, a J == 'f.- 1 paBHO /15/. HMeeM 
ajkb .: (J)2(R ab R ab)U R [k =( - g , nCEStlOTEH30P 3HEPfWH-HMnYJlbCA rPAB}1TALH-10HHOrO rwn51 

2 ab /74/akij R b KaK ~ TeH30pHoe none a$$IIlHHoi1 Aect>op~a4~1Il2(fJ) R . 

a a2 i i ag 
U ijk 

Jx a 
_ ~gak(~gkn km ag~~_ ),P 4- -----.- - /83/C 'nOMOUlblO 3TIIlX ct>OpMyn 11I ct>opMyn i52/ 11I /54/ npeo(5pa3yeM TeH30p mn -- k2 x mõai i ax m axn ax n ax/46/ cneAY~IIlM o6pa30M: 

.)
2 (f J )2 G ab == U a k i j ( V.P. b + P. b P.s ) + TeH30pHoe none 

J i k 16 jk ~ 
/75/ ). ab C 4 -2 ab

ajkb ~ ~ 1 s I t = - ---- «( J) V /34/
+U (VjPk-VIPjk+PsPjk-Pjs P ~k ). 161TY 

1C APyroi1 CTOpOHW, Ha OCHOBaHlIl1ll /35/ III /59/ HaxoAIIlM 
rAe C - CKOpOCTb CBeTa, y - nOCTORHHaR Hb~TOHa, RBnReTCR ~YHK­1. 

a 
( ~, 2 P ) U ambn _ paU kmbn P m U aItbn 4HOHanOM xap ru K.. B KOTOPO(:1 KOMnOHeHTbl CBR3HOCTIIl r paSHbl HY­mnv s + s . - sk + sk + 

n~. 3TOT ~YHK411l0Han Ha3WBa~T nceBAOTeH30pOM 3Hepr1llH-IIlMnYJlbCa/76/ 
rpaBIIlTa~1Il0HHOrO nonR. OTMeTIIlM, 4TO 3Ha4eHIIle TaKIIlX ~YHK4HOHanOB

U ambk b Uamkn . p n 
+ Psk + sk • He MeHReTCR nplll 3aMeHe B IIlX aprYMeHTax KapTW i Ha n~6ylO JlHHe~HO 

CKneeHHY~ C K KapTY R. 

1821 

11 
10 



YCnOBHE rAPMOHH4HOCTH 

Yc:JlOB~eM rapMOH~4HOCT~, i-taKJlaAblBaeMblM Ha Te~30~' ac!>et:>i1'H"HO~ Ae­
et:>ob~~~~~ /83/, H~3~BaeM : ,
 

a mn a ::: 0, E-. I 1, ... ,N I	 '/85"!',;;<Il	 = g Pmn a . r : 

,D,Jlfl :~àpMYJl~POBK~ aror-o YCJlOB~fl Aoct'TaTo"SHó ~H~'Tb CBfl3HOCT~ /48/ 
~,	 ,BB~AY paBeHCTBa /57/, ,MomHO He np~6eraTb K MaTp~K~ T~~~4~~/. 
Cor~ªc:H~ /65/, 3TO YCJlOB~e 3an~C~BaeTCfl B B~Ae' , 

f,,! 

<Ila'::: 1 Vb {( Jg a b 
) =:; 0, a E-	 /86/"1f,";"",N I.eJ 

)k~MOHHLJ EC'KHE KQUP,lJ,HHATbl" 
':" 

"1:,\ 

no OTHoweH~~ K TeH30pHOMY nOJl~ g~bKoOPA~HaT~ Ha3WBa~Ttfl ,tap­
MOH~4eCK~M~, ecnu eunonuaor cn paBeHCTBa 

1	 :, a -- ab 8 
--=-~' -- (v-f! g ) = 0, a ~ 11, ... , N I.	 / 7/
V- g ax b	 . t.r . 

COCTaBJleHHY~ ~3 TaK~X KOOPA~HaT KapTY 6YAeM Ha3blBaTb rapMOH~4ec­
KO~. 

COrJlaCHO /86/, eCJl~ BWnOJlHfleTCH YCJlOB~e ~rapMOH~4HOCT~/B5/,TO 
TO xap r a R, B KOTOpoi1 KOMnOHeHTbl CBH3HOCJ~ rm~ paauu HYJ1IO, flB": 
JlfleTCR rapMOH~4ecKoi1 KapTO~. ECJl~ KapTa K rapMOH~4eCKafl, TO, 
04eBI"1AHO, ~ ruoõaa Jl~He~HO CKJleeHHaH C Hei1 xap r a K aanaer ca rap­
MOH~4ecKoi1. Ho KapTa K 6YAeT rapMOH~~ecKbi1 ~ B T6M CJly~ae, KOr-
Aa 

a2 i i 
mo 

g =:; 0, i ~ 11, ... ,N I. /83/ 
axmax n 

3TO CJleAyeT ~3 /83/ ~ paBeHCTBa 

1 a .- abg mn I a I = - -:::==::::- __ (v - g g ) . omn	 /89/
y'-g ax b 

'.np~Mep 
I 

B CJlY4ae MeTp~K~ WBap~W~JlbAa	 I 

d a d b 2 V 2 d 2 V- 2 d 2 2 2 ,2 2	 I 
g ab ,x X =:; C t - P P (de + sm edcp ), /90/ 

J 
f
 

rne I
 

V 2=:;1 _ 2a yM	 l 
a = '"P > 2a,	 /91/ i 

c 2P	 " 
rapMOH~4~CK~MH HBJlfllOTCfl KOOPA~HaTW	 I

'0 

X ::: (p - a) .sin () OQS cp , y ::: (p - ~) sín e sin,cp , 

12 

z	 =:; (p - a) OQS 8, t::: t. /92/ 

no ~x nOBOAY 4~TaeM: I'Ka.K cnenyer onpenena r s npflMY~: KaK JlY4 
CBeTa ~Jl~ KaK npflMY~ B TOM eBKJl~AOBOM npOCTpaHCTBe, B KOTOpOM 
AeKapTOBbIM~ KOOPA~'KaTaM~ cnyxar rapMOH~4eCI<~e KoopA~HaTbl X,y, Z ? 

,	 ~I
HaM npencr aanaer ca eA~HCTBeHHO npaB~JlbHblM e roooe onpenenesae" . 
B CBfl3~ C 3T~M MHeH~eM B pa60Te / 2 1 HapflAY c MeTp~KO~ WBap4W~JlbAa 
/90/ 6~Jla BBeAeHa MeTp~Ka M~HKOBCKoro 

; ab d xa,d X b = O 2 d t 2 _ d p 2 _ (p _ a) 2 (d ()2 + sin2 () d cp 2) • /93/ 

OAHaKO, Y4~T~BaH, 4TO nOHflT~e npflMO~ ~MeeT He MeTp~4eCKY~, 

a aet:>et:>~HHY~ npapony , Mbl C paBHblM ycnexox MOrJl~ 6bl BMeCTO MeTp~K~ 

/93/ BBeCT~ TOJlbKO aet:>et:>~HHY~ CBfl3HOCTb no et:>opMYJle /48/4 nOJlOm~B 
"ia paBHblM~ /92/, a x a paBHblM~ xl::: o . X 2:= e, X 3= cp, X := t. 
B TaKOM CJlY4ae MeTp~Ka WBãp4W~JlbAa paccMaTp~BaJlaCb 6~ He Ha et:>o­
He M~HKOBCKoro, a Ha et:>oHe 4eT~pexMepHoro a~et:>~HHoro npocTpaHcTBa. 
3TO ycrpauaer TPYAHOCT~, B03H~KaI0L4~e C ~HTepnpeTa4~e~ napu CBe­
TOBblX KOHYCOB C Bepw~Ho~, B KamAO~ M~POBO~ T04 xe , aaaaaaexux MeT­
p~KaM~ /90/ ~ /93/. 
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