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Mauon C.C. 

YpaBHeBBSI neBH8UHH H npoH3BOilHbJe na B PHM8HODbiX 
npocrpancrnax 

P2 - 12026 

Hccnenonaoa CBH3b MelKilY ypaBHeHHSIMJi neBHSUHH H npoH3BOilHblMH nu 
B pBMSHOBbJX npocrpancrnax V0 c uenbJO nonyqeaasr o6IUel1 ljJopMbl ypanaenn!l 
neBHSUHH H paCCMOTpeHHSI ee "18CTHbJX cnyqaeB, npenno>KeHHbiX pa3nH"'HblMli 
anropaMH. C ncnonb30BaHHeM <jlopManuaMa npOH3BOilHbiX /Jn or reoMerpuqec
KHX 06'beKTOB, xap8KTep1!3YJOlUHX HeKOTOpyro 683HCHyiO TpaeKTOpHIO, 110K838Hhl 
yrneplKneHHSI o B03MOlKHOCTH na!lru o6mee ycnonue ansr nexropa nenuauJHl 
~i H 0 CBSI3H napaMeTpOD 6a3HCHOii KpHBOii H COOTBeTCTBYJOIUeii eii TpaeKTQ
pHH. Hccneaonaabl ycnoBHSI, npu HanolKeHHH xoropblX nony"'aJOTCB pa3nH"'HLie 
ypanneauB nenuauuu nereone3u"'ecxux rpaeKTopuii H reoae3H"!eCKHX Tpaexro
puA B UpC!CTpaHCTBSX V0 , nonyCKSJOlUHX rpynUbl CHMMeTpHH, 

Pa6ora Bbmonaena B na6oparopHH reopeTH"'eCKOii $H31!KH OY! flY!. 

Coo6meaue 06'bellHHeHHoro uacruryra BnepHhiX uccnenonanuA. Dy6aa 1978 

Manov S.S. 

The Deviation Equation and Lie Derivatives 
In Riemaru;1ian Spaces 

P2 - 12026 

The connection between Lie derivatives and the deviation equa
tions has been investigated in Riemannian spaces V0 • On this basis 
the deviation equations of the geodesics have been obtained, in 
space with symmetries, as well as deviation equations of non
geodesic trajectories, through imposing certain conditions on the Lie 
derivatives with respect to the tangential vector of the basic 
trajectory. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'66/IBHeHHbl/t BHCTBJ'Y1' R/lepHblJC BCCne/IODBHB/1 0.y6HB 

BBE,4EHHE 

HccneAOBaHH~ OCHOBHYX CTpyKTyp H nonYTKH 3KCne

pHMeHTanbHOrO nOATBep~eHH~ TeopHH rpaBHTaUHHnOBY· 

CHnH HHTepec K npo6neMaM ABJDKeHH~ MaCCHBHYX Ten 

H npo6HYX qacTHU B rpaBHTaUHOHHOM none. PaccMaTpaaa~ 
B03MO>KHOCTH a/ 06Hapy>KeHH~ rpaBHTaUHOHHYX BOnH, 

6/ onHCaHH~ Ae~opMaUHH H npHnHBHYX CHn B MaCCHBHYX 

Tenax H ABJDKeHH~ npo6HYX 'laCTHU BO BHeWHHX CHnbHYX 

rpaaaTauaoHHbiX non~x. a/ o6cy~eHH~ npo6neM 3HeprHa

HMnynbca rpaBHTaUHOHHOrO non~, MHO>KeCTBO aBTOpOB o6pa

THnOCb K npeAnO>KeHHYM H HCnOnb30BaHHYM B pa3HYX 

~H3H'IeCKHX CHTyaUH~X ypaBHeHH~M AeBHaUHH TpaeKTOpHi 

'laCTHU 80 BHeWHeM rpaBHTaUHOHHOM none. 

Ypaaaeaae Ae~auaa reoAe3H'IeCKHX, npeAno>Keaaoe 

CHHrOM H lliHnAOM 14•1 S/Ha OCHOBe paCCMOTpeHH~ AByxna

paMeTpH'IeCKHX CeMeiCTB KpHBYX, B BRAe 

n2,;i 
ds 2 

~fj ukuf'j /0.1/ 

6Yno acnonb30BaHo 4>aw6oaoM'31 H MawxyaoM/7 I M~ ona

caHH~ npHnHBHYX ~BneHHi B CHnLHYX rpaBHTaUHOHHYX 

non~x. 3AeCL 

i 
i dx i ( 2 u ='(fS• u ui=e, e 

n 
,; nRikf ,; i;k;f - e i;k;e • 

1,0), Dui 
ds 

ui . ui 
;J 

i .F = 0, 

/0.2/ 
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D/ d s - KosapuaHTHa.R npoBJBOAHa.R no acWIBHHOMY napaMeT
py s, ;k o6o3Ha'laeT KOBapuaHTHYIO npoBJBOAHYIO no x k ; 

Rikej - TeH30p PBMaHa B npocTpaHCTBe Vn . 

Muu;KeBB'I /IO/u Cl>yKe/ 4/ npeAnO:>KHnH narpaH:>KeB l}lop
ManHJM An.R nony'leHH.R ypasHeHH.R AeBHaD;HH reoAeJH'Iec
KHX. CymeeTBYIOT H Apyrue MeTOALI/1•9•14/ M.R nonyqe
HH.R :noro ypasHeHH.R. Ero o6o6meHHe B enyqae HereoAe-

· 3H'IeeKHX TpaeKTOpHH B BBAe/l 5,l 6/ 

n 2 
t: i i k ~ t:i 
~ = Rke· u u"' 
ds 2 1 

i . 
+ F;j ~l /0.3/ 

6Lino HenonL30BaHO Be6epoM/Io/ KaK TeopeTB'IeeKa.R OeHo
Ba An.R 3KenepHMeHTanLHoro o6Hapy:>KeHH.R ey~eeTBoBaHH.R 
rpaBHTaD;HOHHLIX BOnH. 

MHu;KeBH'I H EnuxuH/2/ npeAnO:>KHnH ypasHeHHe Aesua
D;HH B BHAe 

D . di (u1 ·t Vi) i k e 1· i 
Rkr· u u [- v o.-) :l , 

D~i 
d8' /0.4/ 

0HH HHTepnpeTBpOBanH 3TO ypaBHeHHe KaK ypaBHeHHe 
AeBHaD;HH TpaeKTOpHH "eKan.RpHOH" 'laCTHD;LI e TO'IKH 3pe
HH.R JaAaHHOH MHposoil nHHHH Ha6niOAaTen.a. 

MawxyH / 7 0 977l I paeeMoTpen ypasHeHH.R AeBuau;uu, 
HenonLly.R npHBHnerupoBaHHYIO eHCTeMy OTe'leTa, Aei}IHHH· 
poBaHHYIO e nOMOID;LIO KOOPAHHaT Cl>epMH. 0H npHMeHHn 
3TH ypaBHeHH.R An.R OnHCaHB.R paAHaD;HOHHLIX npou;eCCOB 
npH npHnHBHLIX .RBneHB.RX B eHnLHLIX rpaBHTaD;HOHHLIX no
n.RX. PaJnara.a MeTpH'IeeKuil TeHJop B P.RA An.R TO'IeK 
B6nH3H 6a3HeHOH KpHBOH, B KOTOpLIX npoBeAeHa eoeeAH.R.R 
KpHBa.R, MawxyH/7 0975) I nonyqu~ B nepsoM nop.RAKe 
npu6nH:>KeHH.R yenoBH.R An.R BeKTopa ~ 1 

· o~i · · e 
Y

1
·-- = u

1 -e-1 , y .. =g .. - eu. u. }.i = gi }'a , /0 5/ J dS jJ IJ 1] I J ' j Lj • 

BeAyiD;He K ypaBHeHH.RM AeBHaD;HH B BHAe 

4 

i D2 (j 
Y. -

l d 82 

i k e i i i i i n~ 1 Rkn.U u ~+F .. ~ +e(2F u.-Ju F.)-./0.6 
q ·l J J ds 

lloA BnH.RHHeM KPHTHKH Mo:>KeHa/8/ ypasHeHH.R Aesuau;HH, 
uenonLJOBaHHoro Be6epoM, 6LinB npeAnO:>KeHLI ypasHeHB.R 
AeBHaD;HH Ha OeHOBe nOH.RTBH MeXaHHKH HenpepLIBHLIX epeA 
B BHAe 

2 . 
D e(nl 

ds2 

. j 
=k

1

j(n)~ (nl 
i D i 

+ d J'(n) - ~ (n) 
ds 

n ±1, /0.7/ 

ki 
j(n) 

E .. 
I J 

S .. 
I J 

= 

= 

...Q_di 
ds j(n) 

i 
d j(n) 

1 
2 (u i;j + u .. 

Jjl 

1 
2(u i;j - u .. 

Jj1 

Ei . 
J 

- eF. u. I J 

- eF. u. I J 

i 
nS . , 

J 

- eF. u. ), 
J I 

+ e F. u. ) . 
l, 1 

/0.8/ 

/0.9/ 

E.. H S .. - eOOTBeTeTBeHHO TeH30p CKOpOeTH Ael}lopMaD;HH 
IJ IJ I I H TeH30p eKopoeTH BpaiD;eHHJI l 5 , 

Bee 3TH ypaBHeHHJI paeeMaTpusanueL AnJI TpaeKTopuil 
e ManLIM napaMeTpOM YAaneHHJI, T.e. KOrAa HX TO'IKH 
HaXOAJITeJI B6nH3H OAHa OT Apyroil B 3aAaHHOH o6naeTH V . 

n 
CymeeTBYIOT u Apyrue o6o6~eHHJI ypasHeHHH Aesuau;uu 

/eM., HanpHMep, D;HTHposaHHYIO pa6oTy MawxyHa/71, Jia
:>KaHeKoro /I/ I, B KOTOpLix paeeMaTpusanueL TpaeKTOpBH 
e npoHJBonLHLIM napaMeTpoM YAaneHHJI /ypasHeHHJI AeBua
D;HH BLiemero DOPJIAKa/. 

MHoroo6pa3He l}lopM ypasHeHHH AeBHaD;BH eTaBHT sqn-, 
poe 06 HX paeeMOTpeHHH Ha OCHOBe 06ID;ero l}lopManHJMa /II/, 
C ero DOMOID;LIO MO:>KHO HeCneAOBaTL eBJI3H Me:>KAY npeA· 
no:>KeHHLIMH paJnB'IHLIMB asTopaMH ypasHeHHJIMH AeBHau;uu 
H HaXOAHTL HOBLie B03MO:>KHOeTH, eBJI3aHHLie C onpeAeneH
HLIMH I}IH3B'IeeKHMB eHTyaD;HJIMH. ,lJ;nJI 3TOH u;enH HCDOnLJyeT
eJI eBJI3L Me:>KAY ypaBHeHHJIMH AeBHaD;HH H npOH3BOAHLIMH 
JIB COOTBeTCTBYIOID;HX reoMeTpH'IeeKHX 06'LeKTOB B V 

n 
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I..J.enL HaCTOJIIQeH pa60TLI: 1/ paCCMOTpeTL CBJI3L Me:>K.D.Y 

ypaBHeHBJIMB ,D.eBBa:QBB B npOB3BO,D.HLIMB JIB B npOCTpaHCT

BaX V n B Ha :noB: OCHOBe HaRTH 06IQyiO 4lopMy 3TBX 

ypaBHeHBH; 2/ C nOMOIQLIO ,D.OnOnHBTenLHLIX ycnOBBH ,D.nJI 

npOB3BO,D.HLIX JIB nony'IBTL 'laCTHLie cny'laB ypaBHeHBJI 

,D.eBBa:QBB, KOTOpLie MOryT HaRTH npBnO:>KeHBe B 4IB3B'Iec

KBX Ja,D.a'lax. 

1. CB.R3h ME)J(,l{Y IIPOH3BO,lUlhlMH J1H 
H YPABHEHH.RMH ,l{EB~HH B PHMAHOBOM 
IIPOCTPAHCTBE 

1.1. Ilpou3eOOHble Jlu u ypaeHeHue mpaeKmopuu 
0/IJI OOHOU 'IQCIIIUf#bl 6 PUMQH060M 
npocmpaHCII6e V n 

YpaBHeHBe TpaeKTOPBB .D.nJI O.D.HOH 'laCTB:ULI B rpaBHTa-

:uBOHHOM none 3a,D.aHO ypaBHeHBeM reo,D.e3H'IeCKBX B 

vn ' (n = 4) ' 

i . 
Du = ui. ul 

"""'d'S ;J 

. d j 
F l 0 i X . i 2 1 0 /1 1/ · = , u = -d-' u u. = e, e = , , . s l 

B OTCYTCTBBe HerpaBBTa:QBOHHLIX CBn B ypaBHeHBeM 

Dui 

ds 
ui .ui 

;J 

... 

i 
= F ' Fi = Fi (xk) .;, 0, /1.2/ 

Kpr,D.a. B V n cyiQeCTBYIOT HerpaBBTa:QBOHHLie CBnOBLie nonJI 

Y , U
1 

- TaHreH:uaanLHLIH BeKTop K KpasoB: x k (s) 
KOTOPLIH BHTepnpeTBPYIOT B V 4 KaK 4- MepHYIO CKOpOCTL 

'laCTB:ULI, 'ILJI TpaeKTOpBJI onpe,D.eneHa O,D.HBM B3 3a,D.aH

HLIX ypaBHeHBH. 

. Ecna paccMaTpBsaeTCJI nppB3BO.D.HaJI JIB oT seKTopa 

F1 
no HanpasneHBIO BeKTOpa e/l 7 ,c-9-lB/ B BCnOnL3YIOTCJI 

KOMMyTa:QBOHHLie COOTHOWeHBJI Me:>K,D.y KOBapBaHTHOH npOB3-

BO,D.HOH B npOB3BO,D.HOH JIB B Vn , MO:>KHO nerKO ,D.OKa3aTL 

cne,D.yiOIQee yTsep:>K,D.eHBe: 

6 

YTsep:>K,D.eHBe 
i i j i dxi 

1. Ecna F = u ;ju , ( u --
ds 

i 2 u u. - e, e =1,0),To .D.nJI Ka:>K.D.oro seKTopa r,i 
l 

BLinonHeHO ycnOBHe 

!i.L i kfi i j kf i 
/1.3/ = R kf" u u f, + ( . F +- u u ! lk p I , 2 J ;j .. 

ds 

r~e ! JIBnJieTCJI npOH3BO,D.HOH JIB no HanpasneHBIO BeKTOpa 

f, . 3TO ycnOBBe MLI Ha30BeM "o6o6IQeHHLIM ypaBHeHBeM 

,D.eBBa:QBB" /BBe,D.eHHOe HaBMeHOBaHBe Tpe6yeT ,D.OnOnHB

TenLHOrO YTO'IHeHBJI/. 

)J.OKa3a TenLCTBO npOH3BO,D.BTCJI Henocpe,D.CTBeHHLIM BLI

'IBCneHHeM. 

YcnOBBe /1.3/ nerKO MO:>KHO nony'IBTL C nOMOIQLIO 

npoeK:QBB DpOB3BO,D.HOH JIB OT CBMBOnOB KpBCT04141enJI /l 7 ,c.B/ 

r,D.e 

£I i I 
f, kf 

i 
lkf I 

i i j 
' ;k; e - R kfj t 

i 
lek I 1 in ( ) 

-g g" k + gk "- gk" 2 t.n, n,t. t,n 

/1.4/ 

/1.5/ 

Ha uk , ue B nocne Heo6xo,D.BMLIX npeo6pa3oBaHBH /eM. 

TaK:>Ke ,D.On. 1/ "o6o6IQeHHOe ypaBHe~Be ,D.e~Ba:QBB" MO:>KHO 

3anBCaTL C nOMOIQLIO BeKTOpOB .F 1 
B U 

1 
B HeCKOnLKO 

OTnB'IaiOI.QBXCJI ,D.pyr OT ,D.pyra 3KBBBaneHTHLIX 41opMaX: 

2i a··· · D i i i 
D I= • Ri uk u t c l + c 1 • Fl + .£: F t - - (.£ u ) - u /£ u ' -~ = kfj "' "' ;J ds c ;1 f, 
ds

2 e "' /1.6/ 

D 2f,i i k f i i j D i k D i 
--2 =Rkf·U uf, +F .. f, --(u.kf, --f,) 
ds l •l ds • ds 

ui . (ui ck _ _Q_ ci) , 
;J ;k"' ds "' /1.7/ 
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3,JJ;eCb BBe,JJ;eHbl H BblllOJIHJIIOTCJI CJie,JJ;yiO~e 0603HaqeHHJI 

H OTHOWeHHJI: 

8 

i Dui i j 
.F = -- = u .u 

i 
F u. = 0, 

i o.;i 
v = <rs' /1.8/ ds ;J ' 1 

o i i e i e . /1.9/ - (,; k ) = R kE· u ,; +ull~el, ds ; J 

~<vi u. > 
ds 1 

k e I i l . i Fk u u u £ kE ' 
V

1

Fj + ,; ;k 
0

i + i ,; /1.10/ 

i ( i j ) £F =£U.·U .; .; ,) 
ui .£ ( u i . ) + u i . ,£ u j 

.; jj jj.; 

(£ui) . u i + i £ j u .. u 1r. e i 
+ u u .£Ike I , 

.; jj 

k e i l 
u u £IkE .; 

k e 1i 1 u. u u .£ kE 
1 .; 

; J.; 

. D . 
£ Ft - - (£ ul) 
.; ds .; 

.; 

u i . ,£ u j 
j] .; 

D i D . 
- [ -

0
- .£ u . + u.- (£ u 1 )] , 

ds .; 1 1 ds .; 

u. £ .F i = - Fi .£ u. i it - F u . g .. F .. £ui 
J e 1.; .; 1 e 1) 

= - .Fi ·t ui - Fiui(,;i;j +.;j;i), 

£.Fi 
e 

i k k i 
.F ;k e - F e ;It , £ui = ui l:'k e ;k"' 

/1.11/ 

/1.12/ 

/1.13/ 

/1.14/ 

- o.;i 
ds 

/1.15/ 

,£ ui 
e 

,£ ds 
ie 

-u --, 
ds 

i u. ,£ u 
1 e 

,£ ds 

-e-e~ 
ds ' 

i 
.£ dx = 0, e 

/1.16/ 

RikEj uk u E 
D · · k · 

-(u 1 . ) + u 1 k u . - F1 . 
ds il ; il il 

/1.17/ 

_Q(Viui) 
ds 

i i j 
F V. + F . u.,; 

1 jj I 

D (£ i ) , u.-. u 
1 d s .; 

/1.18/ 

. D .t: i 
ECJIH V 

1 
= ~ 3a,JJ;aHO B JIBHOM BH,JJ;e, TOr,JJ;a 3TOMY "nep-

ds 

BOMY HHTerpany" ypaBHeHHB ,JJ;eBHaUHH 6y,JJ;eT COOTBeTCTB0-
2 . 2 

.Ba.Tb onpe,D;eJieHHOe ypaBHeHHe ,IJ;JIJI D e Ids . BH,JJ; 

yCJIOBHJI ,JJ;JIJI Vi MO~HO onpe,D;eJIHTb 3~,JJ;aHHeM llpOH3BO,IJ;HOB 

JIH OT U i no HanpaBJieHHIO BeKTOpa e C llOMOIUbiO COOTHO

meHHB: 

vi 

V. 
I 

D,; i 
ds 

u i l:'k 
;k"' -

. j 
ul ~ gij + uj;i.; 

£ u i 
.; 

i u v. 
1 

(,;. ui) . 
l ; 1 

£ i ' - u. u • 
I .; 

/1.19/ 

/1.20/ 

1.2. IlpoU3600Hble Jlu 0111 eeAU'IUH, xapaK111epU3YKJUIUX 
HeKomopyKJ mpaeKmopuKJ u coomeemcliiBYIOUIYIO 
eu coceOHKJIO lllpaeKIIIOpUKJ 

PaccMoTpHM aonpoc o CBJIJH ycnoBHJI /1.3/ c ypaa

ueuueM ,JJ;eBHaUHH ,JJ;BYX TpaeKTOpHB B V n • ,l).JIJI 3TOB UeJIH 

Heo6XO,IJ;HMO paCCMOTpeTb CBJI3b Me~,JJ;y npOH3BO,IJ;HblMH 

JI F
i i u u 

H OT BeJIHqHH H U H3 ypaBHeHHH .Il.~JI O,D;J:IOH TpaeKTO-

pHH H COOTBeTCTBYIOIUHMH BeJIHqHHaMH F
1 

H V 
1 

,IJ;JIJI ,JJ;pyroii 

TpaeKTOpHH B Vn . 
fipH paCCMOTpeHHH TOqeqHQB TpaHC.OpMaUHH B BH,JJ;e 

xi= xi+ei, ,;i = ,;i(xk), /1.21/ 

i -1 
r,JJ;e .; = .; d t - HH.HHHTeJHMaJibHbli: BeKTop I d t - uu-
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cil~HHTe3HManbHbiH napaMeTp/ 
0 
npOH3BO,li;HaJI nH OT BeKTOpa 

F
1 

no Hanpaam;HHIO BeKTopa 1;, 1 
onpe,ll;enBeT AecllopMHpoaaH

HbiH BeKTOp/l 7/ 

'Fi Fi £ Fi 
+ 1;, /1.22/ 

COOTBeTCTBYIOll.(HH /no KOHCTPYKUHH/ BeKTopy B TOqKe x_k 
BeKTop vi MO:>KHO npe,!J;cTaBHTb B BH,ll;e 

vi dxi 

dr 

1 i 
-u 
a 

/1.23/ 

H paccMaTpHBaTb KaK TaHreHuuanLHblii BeKTop Kpuaoii 
xk ( r) , r ,ll;e napaMeTpbl ,li;Byx TpaeKTOpHii xk ( s) H x k( r) 
CBJI3aHbl COOTHOWeHHeM 

ds 
dr 

1 
a 

a a(xk) t 0. /1.23a/ 

Ecnu Fi 
xk( r), 

OnHCbiBaeT H3MeHeHHe BeKTOpa Vi 

T. e. ecnH BblnOnHeHO ycnOBHe 
no KpHBOH 

-i 
F 

n vi d vi k e i 
/1.24/ = -- = -- + v v I kEl 

dr dr ' 

r,ll;e 

-
dxi dx i i i i i ui !k~ I = l k~ I + £ lk~ l, v = --, = --. 

1;, dr ds 

/1.24a/ 

TO MO:>KHO ,li;OKa3aTb cne,ll;yroll.(ee yTaep:>K,ll;eHHe. 

Y T Be P:>KA e H He 2. Heo6xo,li;HMoe H ,li;OCTaToqHoe 
ycnoaue B03MO:>KHOCTH JanucaTb aeKTop Fi =- Fi +£ Fi 

B BH,ll;e /1.24/, r,ll;e BblnOnHeHbl /1.23, 1.24a/, eCTb: 
1;, 

i i 1 ° 
0 D k~ i 

£F =-F +--[F 1 -u 1 --loga +U u £ { !l./1.25/ 
1;, a2 ds 1;, k~ 

10 

-j 
3To 3KBHBaneHTHO ycnoBHBM ,ll;nB F 

Fi 1[i iD ke£ 1i lJ - F - u -::-'- log a + u u k r · 
a2 as 1;, 

/1.26/ 

llpH ,li;OKa3aTenbcTae Heo6xo,li;HMOCTH HY:>KHO ucnonL-
30BaTb cllopMynbl /1.2/, /1.23/ H /1 ,24a/ ,ll;nB Fi , Vi 
H I~~ !. ,D;ocTaToqHoCTb cne,ll;yeT H3 cllopMynhl /1.22/ 

,ll;nB£FiH COOTHOWeHHH /1.23/ H /l.24a/. 
1;, -j - i 

TaKHM o6pa30M, aeKTop F = D v I dr onpe,ll;eneH c 
nOMOll.(biO BenHqHH, xapaKTepH3YIOlltHX 6a3HCHYIO KpHBYIO 
X k ( S) , H cilYHKUHH a, ,ll;aiOll.(eii CB113b Me:>K,li;Y 6a3HCHOH 
Kpuaoii H Kpuaoii xk ( r) c TaHreHuuanLHbiM aeKTopoM 
vi , BblnonHBIOll.(HM I 1.24/. Cyll.(eCTBeHHO BblnonHBIOTCB 
cne,ll;yiOll.(He H3 /1.25/, /1.10/, /1.8/, /1.6/, /1.7/ H /1.3/ 
ycnOBHJI: 

ke li I i D i 2 i i u u £ k~ = u ---loga + £F -(1-a )(F -t£F ), 
1;, ds 1;, 1;, /1.27/ 

D i k D I;, i i j k D l;,j 
---(uo 1;, ----) +U

0
o(uokl;, ----) 

ds • k ds • J • ds 

= (1- a2 )(Fi 
0 0 D 

+ £ F 1 
) - u 1 

-- log a , 
1;, ds 

/1.28/ 

i i 1 D ; i j iD £ F = - F + --- [ -- ( £ u- ) + u 
0 

£ u + u -- log a ] , 
t: 1-a2 ds 1;, ;J 01;, ds 
s /1.29/ 

D 2) i D ( 1 0 ~---loga- (1-a u 0 £ F + ui -- £u )= , 
d s 1 if ds 1;, /1.30/ 

D i i it:j 
-- ( V u 0 

) = V F 0 + uo F 0 s · ds 1 1 1 ; J 
- (1-a 2 )u 0 £ Fi + elLloga. 

1 1;, ds 
/1.31/ 
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BeKTop ,; i onpe,IJ,emieT nepeHoc Me)I(,IJ,y KPHBOH c ypaBHeHH

eM _p_{ = Fi /6a3HCHOH TpaeKTOPHH/ H KpHBOH c ypaBHeHH-
ds 

eM 0 vi 1 dr = F i /Ha6nro,IJ,aeMoH TpaeKTOPHH/. OH onpe,D,en.H
eTc.H KaK BeKTop ,IJ,eBHaD.HH. Ero HJMeHeHHe, a BMecTe 
C 3THM H OTHOCHTenLHOe YCKOpeHHe Me)I(,IJ,y ,IJ,BYM.H Tpa
eKTOPH.HMH, onHCLIBaeTc.H ycnoBHeM I 1. 3/, HaJBaHHLIM no 
3TOH npuquHe "o6o6ID.eHHLIM ypaBHeHHeM ,IJ,eBuau.uu". IIo
cne,IJ,Hee ypaBHeHHe MO)I(eT 6LITL JanHCaHO B BH,IJ,e 

02{~ i ukuEfj+Fi.· 
-- - R kE· • J ds2 J 

1 k i +--a uu. a ;k 

j . . 
,; - (1-a 2 )(F

1 
+£F 1

) + 
,; 

/1.32/ 

BLipa"lKeHHe /1.30/ MO"lKHO paccMaTpHBaTL KaK ypaBHe
HHe ,IJ,R.H ~YHKIJ.HH a, ecnH OCTanLHLie BenHqHHLI H3BeCTHLI 
KaK ~YHKIJ.HH Koop,D,HHaT xk . PeweHH.H ypaBHeHH.H /1.30/ 
,IJ,R.H a MO:>KHO nonyqHTL B BH,IJ,e 

e =0: 

D . 
u. ---( £ ul) 

a= 

1 ds ,; 1---------
ui £ Fi 

,; 

2 
e~O (e =1): 

112 
D i u. -- (£ u ) 

1 ds ,; 112 
= [ 1 + -------------] 

F. £ u i + Fi uj £ g.. ' 
I ( ,; lj 

/1.33/ 

.2... i .2... i i k - 1/2 
a =I C 0 + f dxi £ F • exp ( f dx i [ £ F - ( £ u ) u ])! x 

e ,; e t, c ;k s s . t; 

1 i . k 
x exp(--Jdx. [£F -(£u 1

) .ku ]), C
0
=const., 

e 
8 

1 { ,; , 

.2... i 2 . . k-112 
a = I C0 + f dx. £ F exp (- -- f [ u 1 £ u. + u. ( £ u 1 

) ] dx ! x 
e I~ e ;kf. I I J: ;k 

s ~ s - ~ 

xexp(- LJ[ui £ui +U.(£ui) ]dxk). 
e 8 ;k( 1,; ;k 

/1.34/ 

12 

\ 
I 

'1 
·~ 

2. YPABHEHH.Jl ,l(EBH~HH 
C ,l(OIIOJIHHTEJibHblMH YCJIOBH.JIMH 
,l(JI.Jl IIPOH3BO,l(HbiX JIH B V n 

2.1. YpaeHeHUJI oeeuaijUU c Fi = Dui /ds f 0 

qacTHLie cnyqau ypaBHeHH.H ,IJ,eBHaD.HH, npe,D,no"lKeHHLie 
pa3nHqHLIMH aBTOpaMH, MO"lKHO nonyqHTL H3 "o606IIJ.eH
HOrO ypaBHeHH.H ,IJ,eBHaD.HH" /1.3/ Hano:>KeHHeM ,IJ,OnonHH
TeRLHLIX .YCROB~H H.a npOH3BO,IJ,HLie JIH no HanpaBneHHIO 
BeKTopa e OT F

1 
H u1 

1. £ ui = 0. II pH Hano"lKeHHH 3Toro ycnoBH.H Ha £ u i H3 
( ,; 

/1.3/ cne,IJ,yeT ypaBHeHHe ,IJ,eBHaiJ.HH, npe,IJ,no"lKeHHoe CHHroM 
H lllHn,IJ,OM H HCnOnL30BaHHOe Be6epoM/l6,~ BH,IJ,e /0.3/ 

0 2gi 

ds 2 
i k e t:i ,i ck 

R kPj u u c,· + f ;k s , 

i 
r,IJ,e BLinORH.HIOTC.H cne,IJ,ylOIIJ.He OTHOWeHH.H ,D,n.H ,; H a · 

o,;i i fj, 
-d;-= u ;j 

a= const. 

i i k e i 
u. V = 0, £ F = u u £ l l, 

I f ,; kf 
/2.1/ 

/2.2/ 

lJpH BLinOnHeHHH ycnOBH.H £ ui = 0H3 /1.14/, /1.16/ 
( 

H /1.30/ cne,IJ,yeT, qTo a=const H BMecTe c TeM BLinon-

HJieTc.H ycnoBHe £ g .. = ~ .. + ~. o= 0 0Tcro,IJ,a MO:>KHO JaKnro-
( IJ S I ;j S j;l 

qHTL, qTo ypaBHeHHe, HCnORL30BaHHOe Be6epoM, nonyqeHO 
,IJ,nJI cnyqaJI, Kor,IJ,a ,;i -BeKTop KunnuHra. Cne,IJ,oBaTenLHO, 
ypaBHeHHe ,IJ,eBHaD.HH, npe,D,nmteeHHoe CHHroM H lllHn,IJ,oM, 
BLinORHJieTCJI B npOCTpaHCTBaX Vn, ,IJ,OnycKalOIIJ.HX rpynnLI 
.D.BH:>KeHHJI £ g .. = 0. Heo6xo,IJ,HMLIM H .D.OCTaToqHLIM ycno-t. IJ 

BHeM ,IJ,nJI cyiiJ.eCTBOBaHHJI ypaBHeHH.H /0.3/ B Vn .HBnseT
cs ycnoBHe 
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__Q_(ui ~k _ D~i) = -ui.(uj ~k- D~i), 
ds ;k ds ;J ;k d s 

/2.3/ 

KOTOpoe y~oaneTBOpXeTCX /TO~~eCTBeHHO/ ycnOBHeM £ui= 
=0. ~ 

. . k 
2. £ u1 = t/J u! t/J "" e u k V . Ilpu Hano~eHHH JToro ycnoaux, 

~ 
JKBHBaneHTHoro ycnoaHIO MawxyHa/7; nonyqaeTcx cooT BeT

CTBYIOI~ee ypaBHeHHe ~eBHa~HH /0.6/ .Ilocne fiO~CTaHOBKH 
XBHOH <llopMbl ,I\nx £ ui B Bblpa~eHHe ~nx <ilYHK~HH a 

~ 
MO~O nony'IHTL COOTHOWeHHe ~ng napaMeTpOB 6a3HCHOH 

B COOTBeTCTBYIOUleH e:H KPHBOH. 

3. ~ui =¢Fi, ¢= euj ~j· Ilpu Hano~eHHH :noro yc-

nOBBX ypaBHeHBe ~eBBa~HB JaUHCbiBaeTCX B BH~e 

IT = Ri o. uk ue ,:;-i + [F1 . ti- _Q_(¢ Fi).-¢ui .. F jJ /2.4/ 
2 kq ;j d s 'J 

ds 

BnB B BH~e 

o 2(i i k e · i i k · i k · 
---=Rko.u u (l+[F .J· -eF FJ.-euJ.(F u

1
. +F.ku)J(l. 

ds 2 LJ ' ,k • 

/2.5/ 
IlpB 3TOM BbiUOnHXIOTCX cne~YIOUlHe ycnOBBX: 

14 

i . 

~=(U1·J· - . 
ds 

i . 
-eFu.)(J 

j 

D i · k 
£ui =- --- ( + u1.k ( , /2.6/ 
( ds • 

i i 1 [ D i i D i Fj) £ F = - F + -- --( ¢ F ) + u -- log a + ¢ u . . , 
c 1- a2 ds ds .J 
r, /2.7/ 

i 1[ 2 i D ] F F. =--- (1-a )u. £F -e--loga. 
1 ¢ 1 

( ds 
/2.8/ 

I 
1 

I 

~ 

I 

f 

1 
I 

4l>B3B'IeCKYIO BHTepnpeTa~BIO 3TOfO cnyqag MO)~~O HaRTH 

nocne BBe~eHBX OpTOrOHanLHOH U 
1 

- MeTpBKB y.. l2f: 
I J 

y.. = g.. - e u . u . , 
lj lJ 1 J /2.9/ 

C fiOMOUlLIO KOTOpOH ycnOBBe 3, JanBCaHHOe B <ilopMe /2.6/, 
MO~O BblpaJBTL B BB~e 

D c i · e k k j i i cj 
--"'-=y1 y.(<e+se)( =(Ej +Sj)., 
ds k 1 /2.10/ 

r~e 

<ij=~-(ui;j + uj;i ), s .. =.L(u .. -u .. 
1J 2 1 ;j J; 1 

), /2.11/ 

k e f • E .. = y . Y J. ke 1j 1 
k e s ij = y i y j 8 ke . /2.12/ 

E.. B S.. COOTBeTCTBYIOT TeH30py CKOpOCTB ~e<llopMa~BH 
lJ I) 

H TeHJopy cxopocTB apallleHux /eM. /0.3//. YpaaHeHBe 

/2.10/ MO~HO HHTepnpeTBpOBaTL KaK ycnOBHe B3MeHeHHX 

BeKTOpa (i no~ BnBRHBeM TeH30pa CKOpOCTB ~e<ilopMa~BB 
B TeH30pa CKOpOCTH BpaUleHHX/6 / 

i .J i i ; i cj 
4. ~u =e(Fjc;- )u +(U ;j -uj ).., . YpaaHeHBe ~eBHa~BH, 

COOTBeTCTBYIOUlee 3TOMY ycnOBBIO, nonyqaeTCX B BB~e 

o2 ei i k e j i ik 
---= R keJ· u u ( + [F .. + g (F .. k -Fk.· -eFk F. )-

ds 2 • J J • .J 1 

. k k j 
-eu

1 
(F uj;k + Fj;k u )]( /2.13/ 

r~e 

i ·j . j i e k 
_QL = ( u . ' - e F. u 1 

) ( = Y k Y 
1
· ( < e 

ds J J 
k j i i j 

-s e ) ( == (E j -s j )( . 

/2.14/ 

Cnyqaii 4 6y~eT JKBBBaneHTHbiM cny'laiO 3, ecnu Bblnon

HXeTcx ~ononHBTenLHOe ycnoaue: 
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~j . . . k . k . 
¢ul, (g~- euJ uk)~ '' y 1 k~ = r11 0, /2.15/ 

i . 
T. e. ecnH ~ - KOllllHHeapHhiH K U 1 BeKTOp. 

5. £Fi =-F i llpu HanmKeHHH 3Toro ycnoBHJI ypaa-
f 

HeHHe .IJ.eBHa:QHH BhinOllHJieTCJI B BH.IJ.e 

D 2 t:i i k r j i j 1 da i 
<:. -R u u t: +F. t: +----:y--U • --2- kfj "' ;J "' a us 

ds 
/2.16/ 

r.n.e 

D D . 
e --- log a = - u. -- ( £. u 

1 
) , 

ds 1 ds E; 
i i j F

1
.£u =F u £g .. , /2.17/ 
~ f IJ 

1 . k 2 
a=a0 exp(-~-[ui(~u

1 );kdx), a0 =const.,e =1. /2.18/ 

PeweHHe .IJ.llJI lPYHK:QHH a noKa3biBaeT B JIBHOM BH.IJ.e 
CBJI3b Me)I(.IJ.Y napaMeTpaMH 6a3HCHOH KpHBOH H COOTBeT
cTayromeii eii reo.n.e.3H'IecKoii /eM. /1.22/ I H npou3ao.n.
Hoii nu OT BeKTOpa U 

1 
no HanpaaneHHIO BeKTOpa ~ 

1 
, 

i i i k D · · · kf i 
6.£F '~-F-~.kF +-(£u1 )+u1 

•• £ul HnH u u £lkn l 
~ • ds ~ ·J~ ~ t 

i i k 
-(F +~ ·kF ) , llpH HallO)I(eHHH 3TOro ycnOBHJI ypaBHe-

HHe .n.eaua:u;uu nonyqaeTCJI a npe.n.nmKeHHoii Mu:u;KeBH'IeM 
H EnuxHHhiM liJopMe /0.4/, r.n.e BhiDOnHeHhi cne.n.yroi:QHe 
COOTHOWeHHJI: 

. i 
.!L (V 1

u.) = V Fi. 
ds 1 

/2.19/ 

D 2 D i i k i k 
e --- log a + a [ u. -d- ( £_ u ) - ,f, u F ] + t: u. F = 0. 

dS I S ~ . ;k I 0, ;k I 

/2.20/ 

7. ~ i = u i . B 3TOM cnyqae ypaaHeHue .u.eaua:u;uu onu
ChiBaeT H3MeHeHHe aeKTopa F i no npo.n.on)l(eHHIO 6a3HCHoii 

KPHBOH 

16 

r 
~ 

. i i i k 
!ft{_=_pF =£F +U ;kF 
ds2 ds u 

/2.21/ 

r.n.e 

£Fi=UkU£ £{ i } 
u u kf 

i 
F F. = -u. £ 

I I U 
Fi=-u.ukur£ I i }. 

1 u k r 
/2.22/ 

flo aHanOrBH C 1.- 7. HOBbie liJopMLI ypaBHeHHJI .IJ.eBBa:QHB 
MOryT fiLITb nony'leHLI npB HallO)I(eHBH nO.IJ.XO.IJ..HI:QBX ycno
BBH, 6a3upyromuxcJI Ha MaTeMaTH'IeCKBX una lPHlH'IeCKHX 
CBTya:QBJIX. 

2.2. YpaeHeHUJI oeeua14uu OAJI zeooeau<~ecKux 

6 npOC111paHC1116QX Vn• OonyCKQIOUIUX CUMM€111pUU· 

Ecnu 6a3HCHa.H TpaeKTopH.H JIBn.HeTc.H reo.n.eJH'IecKoii, 
T.e. ecnH F i = 0, TO ypaBHeHHe .IJ.eBHa:QBH /1.3/ HMeeT 
liJopMy 

n2 j: i i k r i k e 
__ .:.__ = R kf· u u f + u u £ I i I 
ds 2 J f k e 

i k r t:i . i n 1 = R kn. u u o, + 1 u -- og a 
tJ ds 

BllH MO)I(eT fiLITb JanBCaHO B BB.IJ.e 

e =0: !?~i = R\r· uk u£ fi 
ds 2 J 

r.n.e 

· D i 
u .V 1 

= -- ( ui f ) =const., 
1 ds 

8=1: 
D27Ji _ Ri 0k 0 £ i 

- - kfj 1J 
ds2 

i i t: j 
1J =y. ':. 

J 

/2.23/ 

/2.23a/ 

/2.24/ 

/2.236/ 
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02~i i k £ ,:-j 
-~ = R kf· u u ~ + 
ds2 J 

1 i n vj) -- u -- (uj 
e ds 

2 . 
i k £ j .L i D ( .:-J ) = R u u ( + u --- u. ~ , 
kfj e ds2 J • /2.23B/ 

r.n;e 

k f £ 1· 1 [ D (£ i) i £ j] U U 1 =- --- U +U U , 
~ kf ds ( · ;j ~ 

/2.25/ 

a=aoexp(Lu. vi) =aoexp(- 1-u. £ui)=aoexp[L Dd (u.()l= 
e 1 e ~~ e s 1 

=A 0 exp ( _1_ f dx. ukuf £ I i 1), a
0 

, A
0 

=const. /2.26/ 
e 8 

1 ~ kf 

0,IJ;HOBpeMeHHO BLIDOJIHeHbl CJie,IJ;yiOII.\He COOTHOWeHHJI 

i kf D i i k 
Rk 0 .u u =-d-(u .J. ) + u ·k u .. 

LJ 8 ' ' .j 

. D . 
ui£ u 1 =---(uif), 

~ ds /2.27/ 

/2.28/ 
( 1- l i 0 l - _!. a. g i ) u k e - 0 ~ kL a ,k f U - • 

EcnH ycJIOBHe /2.28/ BLIDOJIHJieTcJI ,IJ;JIJI Ka)l(.n;oro aexTo
pa uk (Fi = O) H3 KOHrpyeH~HH reo.n;e3HqecxHx, Tor.n;a 
H3 YCJIO,BH.IJ /2.28/ DOCJie He06XO,IJ;HMOH CHMMeTpH3a~HH 
cne.n;yeT/ 131 

I 
i 1 . . 

£ kfl = -(a.kgr + a.p gl) f 2a ' '. k ' 
/2.29/ 

OTKy.n;a DOJiyqaeTCJI YCJIOBHe ,IJ;JIJI a 

2 e 
a = C0 exp (-·- ~ .o ) , Co = const., n,., dim V

0 
• /2.30/ 

n + 1 ,L 

18 

lh /2.23/ H /2.25/ DOJiyqaeTCJI COOTHOWeHHe 

i e 
D ~ __ g_e_ f .f + const • 

ui d8- n +1 • /2.31/ 

ECJIH npOCTpaHCTBO V ,IJ;ODYCKaeT CHMMeTpHH /S( TOr,IJ;a 
n 

ypaBHeHHe ,IJ;eBHa~HH npHHHMaeT clJopMy,. COOTBeTCTBYIOII{YIO 
YCJIOBHIO CHMMeTpHH, HaJimKeHHOMY Ha ~ \ a HM~HHO: 

r.n;e 

r.n;e 

1. ,Il;BH)I(eHHJI: £g.. "' ~. . + /;. . = 0, £{ kl o J = 0, 
~ I J 1; I I: I t, t 

D)2_l'i i k £ j 
-~ = R . u u ~ , a= const .• 
ds 2 kfJ 

/2.32/ 

n..:-i i ·i j t:j 
~ = V = u j' ~ , u j s = con st., 
ds 

/2.33/ 

2. roMOTeTHqeCKHe ,IJ;BH)I(eHHJI: ~ g ij J: .. + f; .. = 2a0 g .. , 
"'I;J JP II 

_n_:£ = R i . u kuf ~ j 
ds 2 kfJ 

e 
a = const., a

0
. = 0, a = .1. ~ .o , 
,k o n ,L 

/2.34/ 

i i k ;i i D i 
V =2a u - l uk' u.V =--(ui~ )=ea 0 . /2.35/ 

o 1 ds 

3. Ac1JclJHHHLie KOJIJIHHea~HH: (~gij ) ;k = (l;i;j + f;j;i \k = 0 • 

n2~:i i k e j 
~I i l = 0, -~ = R e· u u ( , a = con st., 
( k £ ds 2 k J 

. k •j 

_JL (V t + f • u k) = 0 • 
ds 

_Q_ (V. u i ) = 0. 
ds 1 /2.36/ 

4. Cne~HaJI&HLie npoeKTHBHLie KOJIJIHHea~HH: c ·k·f = 0. . ' 
e 

( = ~ ;f • 
D ---( - c ds - o = const., /2.37/ 
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r,IJ,e 

£ I i I = __ 1 _ ( ( gi i 
f k £ n +1 ; k e + ( ; e g k ). 

0 2 .t= i i k e j 2c0 i 
-~ = R e· u u ( + --- u 

ds2 k J n + 1 

2c0s 
a = A 0 exp( ---), 

n +1 

0 i 2e --(u.V )=----c0 , A 0 =canst. 
ds 1 n+ 1 

/2.38/ 

/2.39/ 

/2.40/ 

/2.41/ 

5. llpoeKTHBHhle KonnHHeauHH: £ I i I= _ __!_ ( (. k g ~ + ( .p rfk ) • e kr n+1 · . 

r,IJ,e 

r,IJ,e 

20 

2. i k 0 J. j j j:"k 0 nl __ R u u t n ' n = y ., 
----'L. -· kf· ., ., k 

ds 2 J 

a = B
0
exp( -~L- ), 

n+1 

i 
3 0 = canst., ui V =-u.£ui 

I e 
/2.42/ 

6. CneuHanhHhle KOHcPOPMHble .D.BH)I(eHHJI: ~gij ~ 2ugij ,u;j;kc"O, 

£{i l-1 i e k£ - ~- Cgk (; e i in ) 
+ ge(;k-gkeg f;n · 

02 e i i k e /:j + g ui . g ·~ canst .. ___ = R kfj u u c, 
0 

o 
ds2 

1 a= --f , 
n 

/2.43/ 

/2.44/ 

1 i i /: j i i 
a =a0 exp(-;d· a 0 =canst., V =2au -c, . u}, 

_Q_, (f. uj) =e. a 
ds J 

/2.45/ 

7. KoHcPOPMHhle .IJ.BH)I(eHHJI: £ g ij 
f 

2a gij • 

r,IJ,e 

r,IJ,e 

£ I . I 1 ( i i ;i ) 
1 = -- g f o + g o f - g of • f k £ n k ;r_ L ; k kt 

02 .{: i i k £ _l- j 
'l:t--R uu '!. + ·- - k£' 

ds 2 J 

i 0 u --a, 
ds 

a= a0 exp a , a 0 = canst., u.vi=ea. 
J 

8. KoH.PopMHhle KonnHHeauHH: 

. i "i 
£ li 1, .L(gk

1 
( .o + g£f ·k - gkef' ). 

( k£ n , t ' 

o2e i i k £ j 
--- = R k£· u u e + ds2 J 

ui..LLa, 
ds 

/2.46/ 

/2.47/ 

/2.48/ 

j 
a = a0 exp a , a 0 =canst., u j V , e a + h 0 , h 

0 
=canst. 

y cnoBHJI ,IJ,nJI u j (0 ej Ids) HaXO,Il,JITCJI B TeCHOB CBJI3H 

C nepBbiMH HHTerpanaMH reo,IJ,e3H'IeCKHX, paCCMOTpeHHbiMH 

KaTUHHOM H lloBHHOM/5/. 

3AKJIJOqEHHE 

B pa6oTe paccMoTpeHa CBJI3h Me)I(.IJ.Y ypaBHeHHJIMH 

.D.eBHaUHH H npoH3BO.IJ.HhiMH llH B pHMaHOBOM npocTpaHCTBe 

Vn . 06IUaJI cPOpMa ypaBHeHHJI ,IJ,eBHaUHH nony'leHa C llOMOJUbiO 

llpOH3BO,IJ,HOB llH OT. CHMBOnOB KpHCTOcPcPenJI no HanpaBneHHIO 

BeKTOpHoro nonJI e. PalnH'IHhle cPOPMbl JToro "o6o6IUeH

Horo" ypaBHeHHJI ,IJ,eBHaUH~, lallHCaHHhle C llOMOIUbiO npOH3-
I . 

BO,Il,HbiX llH OT BeKTOpOB F H U
1 

cPYHKUHH a /CBJI3biBaiOIUeB 

napaMeTpbl 6a3HCHOB H COOTBeTCTBYIOIUei eii: KpHBOB/, 

HCllOnb30BaHbl ,IJ,n.ll nony'leHHJI B JIBHOB cPOpMe, npH HanO)I(e

HHH pa3nH'IHbiX ,IJ,OllOnHHTenbHbiX ycnoBHB Ha npOH3BO,IJ,Hhle 

llH aT ui ,F i H I ~e I, ypaBHeHHJI ,IJ,eBHaUHH B cnyqaJlx, Kor,IJ,a 
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F\b 0, xor~a Fi = 0 H npocTpaHCTBO Vn ~onycxaeT CHM
MeTpHH. ti>OpManH3M, I<OTOpbli HCUOHb30BaH ,WIJI nony'leHHJI 
ypaBHeHHH ~eBHaUBH, HaBO~HT Ha MbiCHb, 'ITO uap.ll~Y C Knac
c~'leCKHMH 4JopMaMH ypasueuui ~eBHaUHH ~n.11 Fi = 0 H 
F1 

/,. 0, npe~no)KeHHbiMH CHHroM H lliHn~oM, H ypaBHeHH.Il
MH, npe~nO)KeHHbiMH ~pyrHMH aBTOpaMH, cymecTBYlOT ~py
rHe 4JopMb1 ypaBHeHHH ~eBHaUHH ~n.ll reo~e3H'IeCKHX H ue
reo~e3H'IeCKHX TpaexTopHi, xor~a npocTpaHCTBO V ~o-n 
nycxaeT rpynnw CHMMeTpHH HnH xor~a uano)KeHbl ~onon-
HHTenbHble ycnOBHJI Ha npOH3BO~Hble JIH OT reoMeTpH'IeC
I<HX BenH'IHH, xapaKTepH3YlOIUHX CB.Il3HOCTH H 6a3HCHYlO 

KpHBYIO. 

,D.ononueuHe 1. 

EcnH paccMaTpHsaeM To~ecTBO 

£f (f vi) . 
,1 

- avi - ---a xk ' 
0, i 

v ,k 
v 

~ /10/ 
M.ll narpaH*eBOH nnoTHOCTH f 

- k f t: f = y-g u u- "'k;f ' g = I gik 1 < o. 

r~e £ - npOH3BO~Ha.ll JIH no HanpaBneHHIO BeKTOpa Vi, TO 
v 

Mbl nonyqaeM BbiWeynOM.IIHYTOe TO~eCTBO B BH~e 

i - i i j i kf 
£f-(fv ). =v-g(~ ·k·f-Rkf1·~ -£lknl)u u v. = 0. 
v ,I , , e (. 1 

)J.n.ll K~OrO BeKTOpa Vi /,. 0 cne~yeT TO~eCTBO 

- t:i i t:i i k f t s ·k·f- R kf· s - £I n l) u u = 0 . 
' ' J ~ kL 
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