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,ll;aBHO 6bma 3aMe•teHa Bm1rnaH ponb KOH!popMHbIX rrpeo6pa30-

BaHHH B MaTeMaTHlfeCKOH !pH3HKe. 3,necb Mb! H3ylfaeM !pH3HlfeCKYIO 

eenHlfHHY - KOH!p_QpMHbIH MOMeHT HMrrynbca, TeCHO CBH3aHHYIO 

C rpyrrrroii KOH!pOpMHblX rrpeo6pa30BaHHH rrpocTpaHCTBeHHO- ape -

MeHHoro MHpa. CHalfana paccMaTpHeaeM KnaccHlfeCKHH cnylfaii 

penHTHBHCTCKOH lfaCTHUbI, 3aTeM KBaHTOBbIH cnylfaii penHTHBHCT

CKOH lfaCTHUbl co CIIHHOM rronOBHHa H lfaCTHUbl co CIIHHOM Hynb. 

HaKOHeu, paCCMaTpHBaeM KOH!pOpMHbIH MOMeHT HMIIynbca B KBaHTO

BOH TeopHH CIIHHOpHoro H CKanHpHoro rroneii. KaK 3TO HH CTpaHHO, 

CKanHpHbIH cnylfaii Ha rrepBbIH B3rnH,D; Ka)KeTCH cnO)KHee, lfeM 

CIIHHOpllbIH. Ilo:JTOMY Mb! paccMaTpHBaeM ero B rrocne,D;HIOIO Olfe

pe,D;b. OTMeTHM TaK)Ke, lfTO Mb! H3ylfaeM MHP rrpOH3BOnbHOH 

pa3MepHOCTH n · /xoTH e ,neiicTBHTenbHOCTH, KOHelfHO, n = 4 /, 
IIOTOMY lfTO 3TO He C03,D;aeT ,!J;OIIOnHHTenbHbIX Tpy,D;HOCTeii, a 

rronyqaeMble cpopMynbl HMelOT H lfHCTO reoMeTpHlfeCKHH HHTepec. 

,ll;nH ypaene'HHH ,ll;upaKa cymecTBeHHo, o.nHaKo, lfT06b1 n 6bmo 

lfeTHbIM. PaBHbIM o6pa30M Mbl paccMaTpHBaeM MHP C KPHBH3HOH, 

IIOCKOnbKY :JTO He IIPHBO,!l;HT K ocnO)KJleHHHM' a rronyqaeMbie 

cpopMynbl OCTalOTCH crrpaee,nnHBbIMH He ycnoBHHX o6meii TeopHH 

OTHOCHTenbHOCTH. C ,npyroii CTOPOHbl, B ycnoBHHX crreuHanbHOH 

TeopHH OTHO_CHTenbHOCTH Mb! rronyqaeM TO rrpeHMYIUeCTBO, lfTO He 

IIPHBH3b!BaeM ce6H HCKn!OlfHTenbHO K ,D;eKapTOBbIM KOOp,!l;HHaTaM. 

B KnacCHlfeCKOH penHTHBHCTCKOH MeXaHHKe ,!l;BH)KeHHe lfaCTHUbl 

3a,naeTCH ypaBHeHHHMH reo,ne 3HlfeCKHX 

dx a 

dr 
a 

p I /1/ 

3,necb x a - TeKYIUHe MHPOBbie KOOp,!l;HHaTbl lfaCTHUbl, pa - ee 

HMrrynbc, r - co6cTBeHHoe BpeMH /rro,nene1rnoe Ha Macey rroKoH/, 

f ;J/ - CHMBOnbl KpHcTocpcpenH, COCTaBnHeMbie H3 rrpOH3BO,!l;llbIX 

OT MeTpHlfeCKoro TeH3opa g af3 .MH,neKCbl a , f3, ... rrpHHHMalOT 

3HalfeHHH OT O ,!l;O n - I • 
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PacCMOTPHM npoeKUHIO (k,p) HMnyni.ca p a Ha HeKOTOpoe BeK· 
Topttoe none le a ( x) : 

(le,p) = lea(x)p a. /2/ 

3TO Bhlpa)KeHHe, oqeBH'AHO, HBnHeTCJI CKanHpHOH 4iYHKUBeH B Ka· 
caTenbHOM nyqKe K npocTpaHCTBeHHO·Bpe~rnHHOMY MHOroo6pa3HIO. 

B CHny /1/ HMeeM: 

~(le ,p) 
dr 

leaf3P a P f3 + m 
2 F , 

r'Ae m 2= ga/3 Pa P f3 • KBa'ApiT Macci.1 noKOH qacTHUhl, 

1 a 
f=-Vale, n . 

1 . . .. 
le af3= 2(vale{3 +Vf31ea) - Fga/3' 

/3/ 

/4/ 

/5/ 

V a • CHMBOn KOBapHaHTHOH npoH3BO'AHOH. TaKHM o6pa3oM, ecnH 
o6e BenuqHHbl /4/ H /5/ paBHJIIOTCJI Hynro, T.e. ecnH BeKTOpHOe 
none le a no'AqHHHeTCH ypaBHeHHHM Kunnuilra V a k t3+Vf3 lc a= 0 , To 
4iYHKUHJI /2/ HBnHeTCJI nepBblM HHTerpanoM CHCTCMhl ypaBHCHHH 
/1/. EcnH • Macca nOKOJI qaCTHUhl paBHJleTCJI HYnIO, TO 4iYHKUHJI 
/2/ HBnHeTCJI nepBblM HH_TerpanoM npu le af3 = 0 H 6e3 Toro 
qT06bI F paBHHnOCb Hynro. IlpupaBHBBaTb :itce k{accy nOKOJI Hynro 
Mhl MO)KeM nOTOMY, qTo 4iYHKUHJI m 2 = g a t3P a P p HBnHeTCJI nepebIM 

HHTerpanoM CHCTeMbl ypaBHCHHH /1/. 
O'AHonapaMeTpuqecxaH rpynna npeo6pa3oBaHHH, nonyqaromaHCH 

dx a 
B pe3yni.TaTe pemeHHJI CHCTeMbl ypaBHeHBH d>.. - = le a (x) , B 

., 
cnyqae V a k 13+ V /3 le a= 0 HBnHeTcH B30MeTpuqecxou, a B cnyqae 
le a/3= 0 . KOH4JopMHOH. Ilo3TOMY B nepBOM cnyqae eeKTOpHOe 
none k a 6y'AeM Ha3bIBaTb H30MeTpHqecKHM, a BO BTOPOM • 

KOH4iOPMHhIM. CoOTB~TCTBeHHO, BenHqHHY /2/ B nepBOM cnyqae 
6y'AeM Ha3bIBaTb H30MeTpuqecKHM, a BO BTOPOM • KOH4iopMHhIM 
MOMCHTOM HMnyni.ca qacTHUbl. IlOHJITHO, H30MeTpuqeCKHH MOMeHT 
HBnHeTCJI qacnihIM cnyqaeM KOH4iopMHoro. ,ll;nH KOH4iopMHOro 

MOMeHTa 

4 

~(le,p) 
dr 

m 
2 F. /6/ 

I 

I 
\ 

. '1 

B Ba)KHOM cnyqae nnocKoro MHpa KOH4iopMHOe Bti,TOpHoe 
none B 'AeKapTOBblX KOOP'AHHa Tax HMeeT cne'AYIOIUHH BH'A l 

1_ a a/3 l,a a 1 a b a 
rt = a x Q + + ( a, x) x - - ( x, x) a + x , 

. ~ 2 /7/ 

r'Ae aa/3=-af3a, 1,a, aa,· b ·• KOHCTaHTbl, (a,x)= aaxa, 
( x, x) = x ax a , Xa= 9af3x /3. cl>yHKUHJI F 'AnHnonH/7/paBHHeTCJI 
F =I,+ (a,x). TaKHM o6pa3oM, npH I,= 0, aa= 0 eeKTopHoe none 
c/7 / HBnHeTCJI H30MeTpHqeCKHM. IlpoeKUHJI. HMriyni.ca mi 'AeKapTOBY 
OCb H yrnoeou MOMeHT HMnyni.ca B 'AByMepHOH nnoCKOCTH ·oTHOCJITCJI 
K qHcny H30MeTpHqecKHX MOMeHTOB. 

Ilepeii'AeM Tenepb K penHTHBHCTCKOH KBaHTOBOH MexaHHKe. 

PaccMOTPHM i::Haqana ypae_mrnHe ,ll;HpaKa 

V 
. H t/J 

V 

imc 

Ii 
Hn rfr• • · /8/ 

YnoTpe6m1eMhJe 3'AeCb o6o3HaqeHHH o6'bHCHeHhI B I 2 •3!; BBH'AY 
MeTpHqecKoii' npHPO'Abl cnHHOpOB mi'AO nonb30BaTbCJI opoTor;oHaJib~, 
HblM penepoM. MeTpHqecKHH TeH30p B opToroHanbHOM penepe 

o6o3Ha'laeM T/ a B. KOBapHaHTHYIO npoH3B0'AHYIO • CHMBOnOM Dv
TaK, 1/J V = D ,, t/J • B OTnHqHe OT KOMnoHeHT B J(OOP'AHHaTHOM penepe 
KOMnoHeHTbl BCKTOpHoro nonH B opToroHanbHOM penepe o603HaqaeM 

6oni.mHMH 6yKBaMH. TaK, BMeCTO /4/ H /5/ 3anHCbIBaeM 

1 . (l 
F=-DaK, 

n 

Kat3.= 1<DaK/3+ D13Ka) - Fr,a/3" . 

Ilo ,BceM !{PH3HaKaM onepaTop 

A 
/l J ' a fi 

K = - i h I K D1L + 4 ( D a K /3 );[ H H ' ~ + 
n-1 
--:r 

/l 1 a /3 
-ihlK ?,µ_·_;1- 4 (DaK13)H H + 

n-2 
4 Fl 

/9/ 

/10/ 

FI 

/11/ 

OTeeqaeT 4iH3HqecKoii BenHqBHe /2/. ,ll;eHCTBHTenhHO, 'AnH npou3· 
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BOJlhHOro BCKTOpHoro nom1 Ka nonyqaeM KOMMyTaTop /CM. npn
JIO)KeHne/ 

i... [H VD 
h V 

.. 
.J1!Ll;_ H n_, K ] 

h 

1 a f3 a f3 a 
TH (D Kaf3) + H Kaf3D + FH Da 

/12/ 

aHanorn'lHLiii npon3eo,nHoii /3/. Ami· KOH4lopMHOro eeKTOpHoro 
IlOJIH KOMMyTaTop .. 
[ H v Dv - im C 

h 

n 
H , K ] · h f ff v D ' · :f ff n - I V = m C 

aHanornqeH IlPOH3B0,!l;HOH /6/. Mhl en,nnM, 'lTO onepaTop n3OMeT,7 
pH'ICCKoro MOMCHTa HMilYJILCa ,neiicTeyeT B npOCTpaHCTBe peweHnii 
ypaBHCHHH ,l\HpaKa n 'lTO npH m = 0 TaKHM )I(~ CBOHCTBOM 
o6na,naeT onepaTop KOH4lOpMHoro MOMCHTa HMilYJILCa. 

IIepexo,nH K CKaJIHpHOMY cnyqaro, ace aenn'lHHhl no-npe)KHCMY 
6y,neM OTHOCnTh K opToroHaJihHOMy penepy, 'lTO CTaHOBHTCH 
Heo6xo,nnMLIM npn, n3yqeHnn B3anMo,neiiCTBnii CKanHpHhIX n c.nn
HOPHLIX qacTnu. Iloae.neHne CKanHpHoii. '18.CTnUhl onpe.n.enHCTC.11 
ypaBHCHneM / 4 ,s/.. . 

•. · ·n -2 
□ ¢ +· 4(n-l) .. Rep ( 

in'c ) i 
-h-. ¢ /13/ 

af3D D R ·· u . r.ne □ = 7/ a f3, • CKanHpHa.11 Kpnan3Ha M:npa. tl>n3n'iCCKOn 
BeJin'lnHe /2/ OTBeqaeT onepaTop 

" µ n - 2 
K = -ih(K D +--f). 

µ 2 

;_ 

/14/ 

IIo.nc'lnTaB KOMMyTaTop /'lTO 6y,neT c.nenaH<? a npnJIO)KCHnn/ •. 

j n - 2 m C 2 ,.• - a D. {3 
_ [ □ + --~ R - (-) , K ] = 2 D Ka {3 + 
h 4( n - J) h 

/15/ 

+ 
n-2 af3 · af3 -n-2 
--l(DaD{3K )+K {3R l+2fl □ +---RI, 
2(n-1) a 4(n-l) 

6 

·1 

,3aKJIIO'laeM, 'ITO on.epaT.OP n3oMeTpnqecKoro MOMCHTa nMnynLca 
CKanHpHOH 'laCTnUhl .neiiCTByeT B npocTpaHCTBe peweHHH ypaBHCHHH 
/13/ n 'lTO npn m= O TaKnM )KC CBOHCTBOM o6na.naeT onepaTop 
KOH4lOpMHoro MOMCHTa nMnynLca. 

Ha.no paccMoTpeTh Teneph BTopn'lHO KBaHTOBaHHhlH onepaTop 
KOH4JopMHOrO MOMCHTa nMilYJILCa,. HO 'lT06hl rOBOpHTh O HCM, 
Heo6xo,nnMO ,lJ.OBOJlhHO o6cTOJITCJihHOe npe.D;HCJIOBHe. IlpHHUnilhl 
KBaHTOBOH TeopnH cnnHopHoro H CKaJIHPHOro noneii B PHMaHOBOM 
MHpe H3JIO)KCHhl B / 2,4,S/. YcJIOBHH KBaHTOBaHHH 3a,naroTc~· Ha 
rnnepnoBepXHOCTn Kown, T.e. Ha TaKoii IlpOCTpaHCTBCHHo·no.no6-
HOH rHnepnoaepxHOCTH ~ ,KOTopaH pa3pe3aeT MHp Ha .nee 'laCTH • 
"npowe.nwee" n "6y.n.yIUee". IIpe.nnonaraeTCH, 'lTO ycnoBHH KowH 
Ha·~ O.llHO3Ha'lHO onpe,neJIHIOT peweHHH ypaBHCHHH /8/ n /13/ 
BO BCCM MHpe. B IlJIOCKOM MHpe rHnepnoaepxHOCThlO KoWH HBJIH -
CTCH, HanpHMep, rHnepnJIOCKOCTh t = con st • Ilonara.11, 'ITO B MHpe 
cymecTBylOT rHnepnoeepXHOCTn .Kown,. Mhl npe,!l;J>HBJIHCM BCChMa 
cepbe3Hbie Tpe6oeaHnH K TononornH MHpa. Ho, KOHC'IHO, He TOJlbKO 
nnocKHH MHp y,noaneTBOpHeT 3THM Tpe6oeaHHHM. HanpHMep, HM 
y,noeneTBOpHeT H: c4JepH'lCCKHH. MHp .ne CHTTepa. ,l\aJILWe 6yKBOH 
~- BCIO.IJ;y o6o3Ha'laeTCH rHnepnoaepXHOCTh KowH. 

B.TOPH'IHO KBaHTQBaHHhIH onepa TOP KOH4lOpMHOI'O MOMCHTa HM· 
nynhca HaXO,!l;HTC.11 B Tecnoii CBH3H C. TCH3OpOM 3HeprHH·HMilYJlhCa 
IlOJIH. · TeHJOP 3HeprHH·HMilYJILCa CilHHOpHoro IlOJIH paBHHCTCH 

T µv 

HMeeM 

ih - - - -
-4-(1" Hµ 1"v -1"vHµ 1" + i/JHvwµ - "1µ 1-ivt/J). 

µ 
Tµv-=TV/L' D Tµv=O, 

µv - • n 
-T = 1/ T µ v· = - m c t/J H i/J • -

TeHJop 3HeprHH·HMilYJILCa CKanHpHoro IlOJIH paBHHCTCH 

Tµv 
T can n - 2 2 
µv - 4(n-1J'Rµv +,DµDv - T//LV □ )cp 

can · J 
r.ne T µv =2<¢,L¢v+ ¢v¢µJ-~TJµv 

·1 a/3. -
L = - T/' ¢ ¢/3 2. a 

I 

n-2 R,1,2+ J.(.~)2 2 _ _!_ 2 
8 ( n -1) 'I' 2 h ¢ - 4 ° </, 

/16/ 

/17/ 

/HY 

/19/ 
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TeH30p /19/ TaIOKe y;:i;ouneTBOp.lleT YCJIOBHJIM /17 /. Ero cne;:i; 

paBHJleTCJI 

me 2 2 
T = -(-) cp • 

I, /20/ 

J:(n.11 TeH30pa, Y;:J;OBJieTBOp.lllOll.lero YCJIOBHJIM / 17 /, H rHnepnouepx

HOCTH, orpaHHqHuaromeii npocTyro o6nacTL 0, HMeeM 

ef,KµT 
11

da 11 =f D
11

(K T/L 11 )dv=f(Kµv TIL 1
' + FT)dv. 

µ O · µ 0 . 

OTCIO;:J;a cne;:i;yeT, qTo .l];JIJI H30MeTpHqecKoro BeKTOpHoro nOJIJI 

HHTerpan 

K=fK/LTda
11 

µv 
I 

/21/ 

He 3aBHCHT OT BL16opa rHnepnouepxHOCTH I • B cnyqae T = 0 
TaKoe )Ke YTBep)K;:J;eHHe cnpaBe;:J;JIHBO H .l];JIJI KOHq>OpMHOro BeKTop

Horo non.11. CornacHO )Ke /18/ H /20/ KaK B cnHHOPHOM, TaK. 

H u CKaJIJIPHOM uapHaHTax T = 0 npH m =· 0. J:(JIJI HHTerpana /21/ 
MLI ycTaHOBHM paBeHCTBa, KOT~pLie B cnyqae KOHq>OpMHOro BeK

TOpHoro non.11 no3BOJIJIIOT HCTOJIKOBaTL ero KaK BTOpHqHo KBaHTO· 

BaHHblH onepaTop KOHq>OpMHOro M0MeHTa HMnyJILCa, HO npe)K;:i;e 

noJICHHM npaBHJia KBaHTOBaHHJI noneii. 

Ha npocTpaHCTBe cnHH0PHLIX noneii u H conp.11)KeHHLIX cnHHOp

HblX noneii v 3a;:i;aeTc.11 6HJIHHeiiHLIH q>yHKUHOHan 

( ;, u ) = - f v H II u da 11 
• /22/ 

I -
KBaHTOBaHHe cnHHOpHoro noJIJI "' H conpJl)KeHHOro noJIJI "' CBO;:J;HTCJI 

K TOMY, qTo "' H if; ofrLJIBJIJIIOTCJI reuepaTopaMH anre6pL1 KnHq>· 

q>op;:i;a. O6ll.lHH 3JleMeHT JIHHeHHOH o6onoqKH reHepaTopoB paBeH 

U + y•, r;:i;e U={;j;,uJ,·v==(v,t/J)•3;:J;eCL u,v • HeKBaHTOBaHHLI~no_-, 

n.11, a CK06KH 03HaqaroT 6HJIHHeiiHLIH qiyHKUHOHaJI /22/. CKan.11p11Liii 

KBil.;:i;paT u o6onoqKe reHepaTopou paueH (U + v" J2=(v,u). EcnH 

u, v no;:i;qH11.11roTc.11 ypauueHHIO J:(HpaKa /8/, TO D
11 

( v H II u ) = 0 , 
H q>yHKUHOHaJI /22/ He 3aBHCHT OT BLI6opa rHnepnouepXHOCTH I. 

J:(n.11 CKaJIJIPHLIX none ii u, V 3a;:i;aeTCJI q>yHKUHOHaJI 

(u,v) = f (uv - vu )da 
11 

I/ I/ 

/23/ 

I 
ECJIH u, V no;:i;qHHJIIOTCJI ypaBHeHHIO / 13/, TO 3TOT q>yHKUHOHaJI 

He 3aBHCHT OT BLI6opa rHnepnouepXHOCTH I,nOCKOJILKY B 3TOM 

cnyqae D 11 
( u vii - VUv) = 0. KuaHTOBaHHe CKaJI.llpHoro nOJIJI ¢ 

CBO;:J;HTCJI K TOMY, qTo 3HaqeHHJI nOJIJI cp Ha I H 3HaqeHHJI ero 

HOpMaJILHOH K k npOH3B0;:J;HOH o6'LJIBJIJIIOTCJI reHepaTopaMH an-

8 

~ 
~

r 
l 
I 
I 

( 

~ 
.Q 
I 

. i 
I 

re6pLI. O6mHii 3JleMeHT JIHHeHHOH o6onoqKH reHepaTOPOB paBHJleTCJI 

U=(u,cj,J,r;:J;e u - HeKBaHTOBaHH0e CKaJIJlpHoe none, CK06Ka 03Ha

qaeT qiyHKUHOHaJI /23/. B JIHHeHHOH o6onoqKe reHepaTOpOB 

3a;:i;aeTCJI aHTHCHMMeTpHqHoe CKaJIJIPHOe npOH3Be;:J;eHHe no npaBHJIY 

[U, V] = UV - VU = ih(u~ v). 
J:(oKa)KeM TenepL, qTo ;:J;JIJI KOHq>OpMHOro BeKTopuoro nOJIJI 

B cnHHOPHOM BapHaHTe .. 
µ I/ -

f K T /L II da = ( t/1 , K t/1 ) , /24/ 
k 

a B _CKaJIJIPHOM uapHaHTe 

/25/ 
µ I/ f K Tµ 11 da 

J .. 
~ ( ¢ , K ¢ J, 

k 

r;:i;e CK06KH 03HaqaroT /22/ H /23/, COOTBeTCTBeHHO. 3TO KaK pa3 

Te CaMLie paBeHCTBa, KOTOPLie ;:i;aroT B03MO)KHOCTL rOBOPHTL 

0 BTOpHqHo KBaHT0BaHHOM onepaTope KOHq>OpMHOro MOMeHTa HM· 

nyn·Lca. 

. J:(m1 ;:J;OKa3aTeJILCTBa paBeHCTBa /24/ o6o3HaqHM 

T 
11 

= K/l Tµv + ifr'H 11 K t/1 , 

" 
r,r,;e K - onepaTop /ll/, 1µ 11• TeH30p 3HeprHH·HMnynLca /16/, 
KOTOpbIH M0)KHO npe;:i;cTaBHTL TaIOKe H B BH;:J;e 

ii, - - ii, - a 
Tµv =y(t/lHvt/lµ-,/JµHvt/1)+-;,Dai/l[HIIH/lH ]t/J 

HeTpy;:i;Ho y6e;:J;HTLCJI, qTo 

ii, - a ii, - a a ii, - a 
Tv=-:;rDat/l[HVKH ]t/1+2Dat/l(KVH -K Hv)t/1--rt/lH t/lKaV' 

a 
r;:i;e K = Ka H. OT6paCLIBaJI Ha OCH0BaHHH Teope.Mbl CTOKCa ;:J;HBep-

reHUHH aHTHCHMMeTpHqHLIX TeH30POB, nonyqaeM: 

i !!._ f :i H a·'· K d a 11 
2 'I-' 'I-' av ' 

k 
f T d V 

V a 
k 

T.e. 

A 

/l V - jl, - a V f K T da =(,fr, Kiy}- -
2 

f ,fr.H t/lKav da • 
k µv . ~ /26/ 

OTcro;:i;a .l];JIJI KOHq>OpMHoro BeKTOpHoro nOJIJI nonyqaeTCJI paBeHCTBO 

/24/. 
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B CKam1pHOM BapHaHTe o60JHa'IHM 

TV K 11 T +~lei, (K µ ¢ + n - 2 F_¢) -(K µ¢ + ~ F¢)¢ I. 
µv 2 /l 2 V /l . 2 JJ 

M<>>KHO y6e,nHTbCJl / CM. npuno>KeHHe/, 'ITO 

a n - 2 a 
Tv = D Aav- --DB 

4( n - 1) av+ 

a 2 K _n_ ( D ¢ ) a.v .+ 
4(n - 1) /27/ 

-t n-2 2 a 
4(n-1J </> D Kav' 

r.ne 
. 1 2 . 2 

Aai· =-;r<KaDv ¢• - KvDa</>), 

1 · 2 
Bav= 4Aav+ 2 ¢ (DaKv- DvKa). 

TaK KaK AavH Bai, - aHTHCHMMeTpH'IHbie TeHJOpbl, TO 
. v 1 . . . ~- 2 ·. 2 a Id. v 

f T da = - f -I n ( D ,1,, ) K + ( n - 2) ¢ D. K. . a , 

2 
v 4(n-1)2 .'1' av av 

T.e. 

/l V 1 A 

:f K- Tµ v da = -- ( ¢, K ¢ ) + 

2 
2ih 

/28/ 
a 2 · 2 a v 

+ 
4

(n~l) f ln(D cp )Kav+(n-2)¢ D Kav Ida. 

I 

OTCIO,na .nnH KOHq>opMHOro BeKTOpHoro nom1 nonyqaeM paBeHCTBO 

/25/. 

. )].oiaJaHHbie paBeHCTBa npe.ncTaBilJllOT 6onbWOH HHTepec .nm1 
MHpa MHHKOBCKoro, a TaK,Ke H ,nnH Mupa .ne CHTTepa, r.ne HMeeicH 
nxfmi.nu;aTb .UHHeifoo HeJaBHCHMblX BeKTOI)Hbii noneii, 1iJ KOTOpbIX 

.necHTb - HJOMeTpH'-leCKHe. 

10 

IlpuAoJ1Ce11ue 

IlpHBe.neM HY>KHbie J.necb cBe.neHHH o TeHJope- KPHBHJHbI Pu-
MaHa· KpHcToq>q>enH /6/.0H IlOHBnHeTCJl B paBeHCTBe . 

a 
(D13Da- DaD13)Kv·~ Rv,{3aKa," ·;29; 

cnpaBe,nnHBOM ,nnJl ~I06oro KOBeKTOpHOr0 IlOilJl . K v, H o6na,naeT 
cne,nylOIIJ;HMH CBOHCTBaMH CHMMeTpHH 

· .- · · a · ·a a 
Ra +Ra =0,R +R +R =0. 

v,{3a v,a/3 v,{3a {3,av a,v/3 

)].nH TeHJOpa 

Rvµ,{3a 

HMeeM TaK>Ke 

R i, {3 a . T/ a/L 

Rvµ,{3a 

TeHJop PH'l'-IH 

R {3a,vµ 

a 
Rva=Rv,aa 71 /L/3 R vµ,{3a 

CHMMeTpH'-leH. CKanHpHaJl KPHBHJHa paBHJleTCJl 

R = T/ R va. 
va 

)].n.11 nro6oro TeHJ0pHoro non.11 T µv' 

a a . 
( D13 D a - D a D /3) T µ v = R /l, /3 a T av + R v, f3 a T µ a , 

.nnH cnHHOpHoro nonH t/J 

1 V /l 
( D /3 Da - D a D 13) t/l =. 4 H H : R vµ ,.{3 a t/J 

)].nH TeHJOpa KpHBHJHbl BbIIIOnH~~TCJl. TO>K.ne.CTBa ·tHaHKH 

D µ·R :,{3a + D13 R :,aµ + Da R i:µ{3 ~- 0, -, 

/30/ 

/31/ 

CnepTbIBaJl HX C TeHJOp0M O $ T/ va , Haxo,nHM, '11:0 ,nHBepreHIJ;HJl 

TeHJopa 3iiHWTeiiHa G = R -" 2
1 

R71 To,K,neCTBeHHO. paBHHeTCH µv µv µv 
HYillO, T .e. 

V 1 
D R 11 µ= 2 Rµ, R 11 ""DµR /32/ 

II 



)J.anee, H3 To:>K,11;ecTBa 

D 11 Da K /3 = D11 (Ka{3 + F.,, a(3 ) + Da ( K13 11 + f:1113) -

-D13(Ka11+ FT/av)+ 1 (D{3Da - DaDi}Kv + 

1 t 
+ 2 (Dv Da - DaD 11 }K13- 2 (D 11 D{3- D{3D 11 }Ka! 

r,11;e F H Kaf3 onpe,11;eneni.1 cornacno /9/ H /10/, cne,11;yeT pa
BeHCTBO 

D II D a K (3= D II Kaf3+ Da K 13 11 - D13 Ka 11 + 

a . 
+ F 1/ /3 + F 1/ 1~ - F r:i 1/ + R II r:ia Ka• v a a ,-,F ,-, av ,,., 

/33/ 

CnepThJBaR erci C TeH3opoM T/ va HaX0,!l;HM 
I 

□ K (3 = ( 2 - n} F (3 + 2 D a Ka (3 +. R ~ /3 Ka . _ /34/ 

B3RB ,!l;HBepreHIJ.HIO, nonyqaeM 

D{3 □ K(3-•(2-n} □ F+ 2Df3DaKaf3 + D{3(R~~Ka}. /35/ 

C not.i<>ll{hIO /29/ H,/30/ Haxo,ztHM
1 

DµDvDaK13= DµDaD 11 K13+ Dµ<Ri,va Ka}~ 

• I • 

DµDaDvK/3 = DaDµD 11 K·13 + R:,µ~-DaK13+R$,µa D11 K;. 

CaepThJBaR 3TH paneHCTBa c T/ µv 1/ a/3 , nonyqaeM 
/3 , -: µ ... . II ' 

n □ F = D □ K13+ D (R 11 p:K )· 

lfa /35/ H /36/ cne,11;yeT .,, 

(n.-J} □ f.!;=. Q f3oa ~a/3 + D/3(Ra{3K-~}, 

T.e. cornacno /32/, 

, a f3 af3 .· · -1 a 
( n - T} □ F = D D Ka /3 + R K a f3 '+ . FR + 7 Ra K 

12 

./36/ 

j'J7/ 

Ilo,!J;C'IHTaeM Teneph K0MMyTaTop /12/. llMeeM ,. 
[H",K] = 0, 

V µ µ V V µ 
[ H D II , K D µ ] = K H ( D V D µ - D µ D V } + H ( DV K } D µ I 

[ H II D 11 , 1 ( D a K /3 } H a H /3] = 1 ( D 
II 

D a K f3 } H 
II 

H a H f3 + 

1 11af3 a·/311 
+7(DaK13}(H H H -H H H }D 11 , 

[H V D11 1 ~ f] 
!4 

n-2 F Hv. 
4 V 

C IT0M0U{hlO /31/ B /33/ 0TCIO,!l;a HeTpy,!l;H0 nony'IBTh /12/. 
KoMMyTaTop /15/ IT0,!l;C'IBThJBaeTCR cne,11;yIOU{BM o6pa30M: 

· n-2 " n-2 µ · 
-'-[---R, K] = - --K R , 
Ii. 4(n-1} :4(n-1} µ 

[□, n - 2 ·f] = n - 2 ( □ ·f) + ( n - 2} F,., D , 
2 2 " 

µ µ µ 
[c,K Dµl = [o,K ]Dµ + K [ □ ,Dµl 

u, ,11;anee, 

[ □ ,Kµl=(□ Kµ}+ 2(DaKµ}Da, 
a 

[□ ,Dµ)=-RµaD . 

Bocnonb30BaBWHCb /34/, nonyqaeM 
µ a f3 

[□, K µD µ] = 2f □ + (2-n) f Dµ + 2D Ka/3 D • 

Y'IHTbJBaR /37/, Tenepb HeTpy,!l;H0 ,!l;0Ka3aTb paneHCTBO /15/. 
IlpH BhIB0,!l;e qJOPMYilbl /27 / n nepByIO oqepe,!l;b cne,11;yeT 

nponepHTbpaBeHCTB0 

Kµ(Rµv + DµD11 - 1/ µ110)¢2 = DaBav + (Dacp 2)K av -

2 ,.. 2 2 
- ¢ D Kav + (n - J)(cp D 11 F - FD 11 cp }, 

/38/ 

'IT0 ,!J;0CTHraeTCR c Il0M0llJ.bIO /29/ n /34/. CornacH0 /38/, ,11;n,i 
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H3OMeTpH'l('C.KOro BeKTOpHoro IlOJUl K a B <;;Kam1pHOM BapHaHTe 

K µ T . da v = f K µ T t:att da v f µv µv 
~ ~ 

3TO o6CTOHTeJihCTBO H CKphJBaJio neo6xo,nHMOCTh nepexo,na OT 

KaHOHH'leCKoro TeH3Opa 3HeprHH-HMilYJihCa 7 ;a;; K MeTpH'leC

KOMY TeH3opy T µv' noKa He npHWJIOCh pacCMOTpeTh KOHqJOpMHhlH 

MOMeHT HMilYJihCa H npHHHTh BO BHHMaHHe npHHUHili KOHqJOpMHOH 

HHBapHaHTHOCTH IlOBe,neHHH 6e 3MaCCOBhlX 'laCTHU, 

Jlumepamypa 

1. N.A.Chernikov, Acta Phys.Polonica 26, No. 6 (12), 1069, 1964. 
Ilpenpwtm 0HJIH, P-1159, )ly6Ha, 1962. 

2. H.A. C/epHu1<oe, H. c.maeoxuHa .. IlJ. enpuHm 0HJIH, P2- 6109, 
,l(y6Ha, 1971. . , 

3. H.C.maeoxuHa. TM<P, 10, N!!3, 1972. 
4. H.A. C/epHuKoe, H. c.maeoxuHa. IlpenpuHm 0HJIH, P2- 6820, 

,l(y6Ha, 1972. 
5. N.A.Chernikov, E.A. Tagirov. Ann. Inst. Henri Poincare, vol. IX, N. 2, Sect. A, 

109-141, 1968. . 
IlpenpuHm OHJIH, P2-3777, ,l(y6Ha, 1968. 

6. B.A.<PoK. Teopu.R npocmpaHcmea, epeMeHu u rruzomeHU.R. 
M., 1961. 

14 

Py1<onucb nocmynuAa e u3oameAbc1<uii omoe11 
23 rf,eepa11.R 1973 zooa. 


