


BBE,QEH~E 

CornacHo np~H~~ny KOH$opMHOA ~Heap~aHTHOCT~ none e~e ypaeHe
H~R AnR 6e3MaCCOB~X 4aCT~~ AOn~H~ 6~Tb KOH$OpMHO-~ H Bap~aHTH~M~, 

a cneA TeHaopa 3Hepr~~-~Mnynbca AOn~eH paBHRTbCR H yn~ 1 1 -3 ~ KaK 
~aeecTHO, ypaeHeH~R MaKe senna ~ ypaeHeH~e ,Q~paKa n p~ m = 0 
KOH$opMHo-~Heap~aHTHbl. KoH$opMHo-~Heap~aHTHOe ypae H eH~e AnR 
cKanRpHoro nonR a 4-MepHoM npocTpaHcTee-epeMeH~ 6bl o npeAno~eHo 
neHpOy30M / I/ . 8 pa60Te / 2/ 6~n HaAAeH COOTBeTCTBy~~~A MeTp~4e
CK~A TeHaop 3Hepr~~-~Mnynbca cKanRpHoro nonR, ceoAcTea KOToporo 
~3y4an~Cb 3aTeM B pa6oTe / 4

/ . np~H~~n KOH$OpMHOA ~H Bap~aHTHOCT~ 
~MeeT 6onbwoe 3BP~CT~4ecKoe 3Ha4eH~e, TaK KaK Hece T c co6oA 
c~nbH~e orpaH~4eH~R Ha B03MO~H~e T~n~ B3a~MOAeACTB~A 12-V. 

YpaeHeH~e neHpoyaa-4epH~Koea-Tar~poea AnR CKanR pHoro nonR ~ 

ypaBHeH~e ,Q~paKa AnR cn~HOpa xapaKTep~3y~TCR TeM, 4TO OH~ KOH
~OpMHO-~HBap~aHTH~ np~ n~6oA paaMepHocT~ npocTpaHc - ea-epeMe
H~ 1 2•61 . ,QnR ypaeHeH~A MaKe senna cy~ecTBeHHO, 4T06LI n = 4 17 I. 
no3TOMY npeACTaBnReT ~HTepec eonpoc 0 cy~eCTBOBaH~~ KOH$OpMHO
~HBap~aHTH~X ypaeHeH~A AnR eeKTOpHoro nonR a npocT paHCTBe npo
~aeonbHoA pa3MepHOCT~. 

B pa6oTe 181 6~no eeeAeHo noHRT~e o HOTo$e - 4aC T ~~e, AOnon
HR~~eA no CBO~M CBOACTBaM $OTOH. Ponb nOTeH~~ana p~ 3TOM 
~rpaeT 6~BeKTOp. 0AHaKO npeAnO~eHH~e 8 / B/ ypaBHeH~ AnR HOTO$a 
He RBnR~TCR KOH$OpMHO-~HBap~aHTH~M~. 3AeCb noKa3aHO, 4TO 6~BeK
TOp MO~HO nOA4~H~Tb KOH$OpMHO-~HBap~aHTHOMY ypaBHe H ~~ BTOpOrO 
nopRAKa 8 npOCTpaHCTBe npo~3BOnbHOA pa3MepHOCT~. 

M~ ~3y4aeM eonpoc o KOH$OpMHo-~Heap~aHTH~x ypae eH~Rx AnR 
eeKTopa ~ 6~eeKTopa a p~MaHoeoM npocTpaHcTee npo~aeonbHOA paa
MepHocT~, nOTOMy 4TO 3TO He C03AaeT AOnOnH~TenbH~X TPYAHOCTeA, 
a nony4eHH~e $OpMyn~ MOryT npeACTaBnRTb ~ 4~CTO reoMeTp~4eCK~A 

~HTepec. 

npe~Ae 4eM nepeAT~ K paCCMOTpeH~~ ypaBHeH~A AnR BeKTOpa ~ 

6~BeKTOpa, BBeAeM OCHOBH~e nOHRT~R ~ onpeAeneH~R Ha np~Mepe 

ypaeHeH~R AnR cKanRpHoro nonR / I-2/ 

1. CKanRpHoe none. B n-MepHOM p~MaHOBOM npocT paHcTee noee
AeH~e CKanRpH~X 4aCT~~ xapaKTep~3yeTCR ypaBHeH~eM / 2/ 

A¢: o¢+ _n_-_2_ 
4(n- 1) 

/1/ 

1 
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L = _!_ gaf3 ¢ ¢ __ n- 2 _ R¢2 _ 
? a (3 8 (n - 1) 

13/ 

- narpaH)KV1aH, R - cKanRpHaR KPV1BV13Ha, Rllv- TeH30P P!-1441-1, VIL- Ko

eapV1aHTHaR npOV13BOAHaR, 0 = ga{3 V V{3, ¢ = V ¢ V ¢ =a ¢ - l ,\ ¢, . a 1L 1L ' 1L v 1L v !LV " 

L\nR ypaeHeHV1R ABV1)KeHV1R /1 IV IL Tllv = 0 1-1 cneA TeH3opa 3Hep-
ILV ll- 2 

rV1V1-V1MnYilbCa paeeH HYiliO: T = g T =--¢A¢ = 0. npl-1 KOW 
/LV 2 

~OpMHOM OT06pa)KeHV1V1 pV1MaHOBa npOCTpaHCTBa;g/ 

' 20 
g !LV = e g /LV ' 

/4/ 

/5/ 

'R e-2~R + 2(n -1) !'1
2

a + (n -1)(n- 2)A 1a], 

A 1 a = gaf3 a a a {3 , 1'1 2 a = g a{3 a • a{3 !6! 

cKanRpHoe none ¢ 1-1 ypaeHeHV1e /1/ npeo6pa3ytOTCR cneAYIO~V1M o6-

pa30M: 
2-n 
--a 

¢' = e 2 ¢, 
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n+2 -----a 
A'¢' = e 2 A¢. /8/ 

OnepaTOp i , KOTOp~~ CKailRPY ¢ CTaBV1T B COOTBeTCTBV1e CKanRp 

rAe seKTOpHoe none K 
IL 

YAOBneTBOpHeT KOH~OPMH~M ypasHeHV1RM K1-1n-

/10/ 

KOMMYTV1pyeT c onepaTopoM A, TO ecTb Ae~fTByeT s npocTpaHCTBe 
peweHI-1~ ypasHeHV1R ABV1)KeHV1H /1/. OnepaTop K Ha3~saeTcR onepaTo
poM KOH~OpMHOrO MOMeHTa V1MnynbCa CKanRpHOrO nonR ¢/6/, 

npV1H~V1nV1anbHO~ OC06eHHOCTbiO ypaBHeHV1H /1/ RBJlReTCR HanV14V1e 
cnaraeMoro c KPV1BV13HO~, o6ecne4V1BatO~ero KOH~opMHYIO V1HBapV1aHT
HOCTb. Tenepb nepe~AeM K V1CCneAOBaHV110 ypasHeHI-1~ AnR seKTopa 1-1 
6V1BeKTOpa. 

2 

\ 

'~ 
J 

2. BeKTOpHoe none. PaccMoTpV1M n1-1He~Hoe ypasHeHV1e sToporo no
PRAKa AnR seKTopa AIL s pV1MaHOBOM npocTpaHCTBe 

AAIL = bVaVa AIL+ cVUV!-1-Aa + dVILVaAa+ eRAIL=O. /11/ 

rAe b, c , d , e - 6e3pa3MepHble KOHcTaHTbl. AoKa)KeM KOH~OpMHYI0 

V1HBapV1aHTHOCTb ypaBHeHV1R /11/ npl-1 onpeAeneHHOM B~6ope 3TV1X KOH
CTaHT. npl-1 KOH~OpMHOM OT06pa)KeHV1V1 pV1MaHOBa npOCTpaHCTBa /4/-/6/ 
eeKTOpHoe none AIL 1-1 ypasHeHV1e /11/ npeo6pa3yi0TCH cneAYIO~V1M o6-

pa3oM: 

A' = eaa A 
IL IL ' 

/12/ 

/13/ 
'gaf3v'V'A' e-2a!eaavav A +A'l-A2 a+(2-n)l'1 1al+ 

a IL {3 1L a IL 

a [ a a 2 l 2 a A'! +(V A')a (a-2)+A' aa +a a (2-n-a) +(a+n- )a V, a. 
a IL a , ·IL 11 ...-

OTCIOAa cneAyeT, 4TO 

A' A' = e<a-2) 0 fi.A 
1L ' IL ' 

ecnl-1 B~nonHReTCR cneAYIO~aR CV1CTeMa ypasHeHI-1~ 

b(-a 2 +2-n) + c(2-n) + e(n-1)(n-2) =0, 

b(n - 1) - c + e2(n - 1) = 0, 

-2b + (c+ d)(a -2) = 0, 

b(2a - 4 + n) = 0, 

2b+(C+d)(a+n-2) 0, 

ca + d (a + n - 2) = 0, 

c(2 -n -a 2 ) + d(4- 2n -a2) + b(2- n) =0. 

/14/ 

/15/ 
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PeweH~e c~cTeM~ 1151 ~MeeT 8~A 
4-n n -2 4-n 

a=--, b = --, c = -1, d = --, 
2 2 n 

n ( n - 4) 
e = -::8-+(n---1~) ' 1161 

4TO AOKa3~8aeT KOH$OPMHyD ~H8ap~aHTHOCTb ypa8HeH~R 1111. 
B 4-MepHOM npocTpaHCT8e-8peMeH~ ypa8HeH~e 1111 c K03$¢~~~eHTaM~ 
1161 nepeXOA~T 8 ypa8HeH~e MaKc8enna. TaK~M o6pa3oM, KOH$opMHo
~H8ap~aHTHoe ypa8HeH~e 1111 c K03$$~~~eHTaM~ 1161 o6o6~aeT 
ypa8HeH~e MaKc8enna AnR 8eKTopHoro nonR 8 4-Mep~~ Ha cny4a~ 
npocTpaHCT8a-8peMeH~ npo~380nbHO~ pa3MepHOCT~. Ypa8HeH~e 1111 
MOMeT 6~Tb nony4eHo ~3 narpaHM~aHa 

2L =All AA ll - b Va (All V a All) - eVa (All V ll A a) - d Va ( Aa V ll A1') ·I 1 71 

np~MeHRR K 1171 cnocc6 8~80Aa C~MMeTp~4HOrO TeH30pa 3Hepr~~
~MnynbCa, yKa3aHHbl~ 8 1101 , nony4aeM 

T b = 21 (rra V A + 
a a· b a 

1Ta 

b· 
V A ) + V c (rra Sb A + rrba S A 1 -

a a a· c a · ac d 
1181 

rAe 

a 
gabL + e(Rab + Va'Vb- gab o)(AaA ), 

1 
Sbc A a = 2 (g ba A c - g ca A b ) ' 

all 
aL 

av alf 

>-0 

a ll 
- n • 

IL a 
~-
~o IJ.a 

o , a 
a 

CneA TeH3opa 3Hepr~~-~Mnynbca 1181 np~ 8~nonHeH~~ ypa8HeH~~ 
A8~MeH~R 1111 pa8eH HynD: 

T = gabT b= rr VaAa +'Va(gallrr A -rr Aa) -nL + 
a aa all a aa 

+ e [ R + (1 - n) o ] (A a A a) = 
2 - n All AA ll = 0 , 

2 

1191 

4TO HaXOA~TCR 8 COOT8eTCT8~~ C np~H~~nOM KOH$OpMHO~ ~H8ap~aHT
HOCT~. 

OnepaTop KOH$opMHoro MOMeHTa ~Mnynbca 8eKTOpHoro nonR Aa 

KAa= KllVIl Aa+Ail'VaKil + 
0

;
4 

FAa' 1201 

rAe Kll YA08neT80pReT 1101, KOMMYT~pyeT c onepaTopoM none8oro 
ypa8~eH~R 1111 C K03$$~~~eHTOM 1161, TO eCTb Ae~CT8yeT 8 npo-
CTpaHCT8e peweH~~ 3TOrO ypa8HeH~R. 

3. 5~8eKTOpHoe none. AHanor~4H~M o6pa3oM AOKa3~8aeTCR KoH
$OPMHaR ~H8ap~aHTHOCTb ypa8HeH~R AnR A llv= -A Vll : 

4 

1 

\} 

a a af3 
AA IJ.V = b V V a A !iV + c V ( V li A av - V v Aall ) +eRA !iV + h~vaf3A = 0 , 

/21 I 
( n + 2) (n- 6) 

8=----
4(n- 1) 

6-n, h c = -4, 1221 b = n- 2, 

KOTOpoe MOMeT 6~Tb nony4eHO ~3 narpaHM~aHa 
I'V a !iV a !iV 

2L = A AA !iV- b V (A V a Allv ) - 2c 'V (A V li A a)· 1231 
np~ KOH$OpMHOM OT06pall<eH~~ 141-161 none Allv ~ ypa8HeH~R A8~ll<e
H~R 1211-1221 npeo6pa3yDTCR TaK: 

A' =eaaA 
llV !iV 

A'A~v (a-2)a AA • 
e llv a=~ 2 

1241 

1251 

H3-3a rpoM03AKOCT~ $opMyn 8~KnaAK~ 3AeCb He np~80A~M. C~MMeT
p~4H~~ TeH30P 3Hepr~~-~Mnynbca 1101 

T 1 ( . ail · ail o ) 
ab = 2 "a .. VbAail + 17 b .. v aAail + 

c · aA ·ail 
+ V ("a .. SbcAaA + 17 b .. SacAail)- g abL + 

. . ~ ,,. • ;;I,. i 

+ X b.". . R aijk + ~( v v ~ + v v + X r 
a• •. R bijk 

J.LV 
+ e(Rab +'Va'Vb -gab o)(AIJ.VA ) • 

rAe 

aL - V A 1T 
aJ.Lv 

= ..,--- =- b V A - c( V A a v a AllV a J.LV J.L av V ali 

1 
X !'Vaf3 = "2 hA !iVA af3 , 

J X aljb + 

) . 

SbcAail = ~ (gbaAcA -gcaAbA+ gbAAac -gcil Aab ), 

~MeeT cneA, pa8H~~ Hyno np~ 8~nonHeH~~ 1211: 

T - ab T - n- 2Ailv AA - 0 - g ab - -
2
- llV - • 

1261 

1271 

1281 

1291 

OnepaTop KOH$OPMHoro MOMeHTa ~Mnynbca 6~8eKTOpHoro nonR Aaf3• 

~ IL ll IL n-6 
KAaf3 = K V J.L Aaf3+ Aa!L V f3 K + A llf3 Va K + -

2
- FAaf3 • 1301 
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rAe K~ YAOBneTsopReT /10/, KOMMYT~pyeT c onepaTopoM nonesoro 
ypaBHeH~R /21/ C K03$$~~~eHTaM~ /22/, TO eCTb Ae~CTByeT B npo
CTpaHCTBe peweH~~ 3TOrO ypaBHeH~R. 

AnR ypasHeH~~ /11/ ~ /21/ MOMHO onpeAen~Tb cKanRpH~e npo~a
BeAeH~R s npocTpaHCTBe peweH~~. AOKa3aTb TeopeMbl o6 ~HTerpane 
OT TeH30pa 3Hepr~~-~Mnynbca/lS,l?~ ( T04K~ apeH~R KBaHTOBO~ Teo
p~~ nonR npeACTaBnReT HeCOMHeHH~~ ~HTepec B~4~CneH~e KOH$OpMH~X 
aHoMan~~ AnR TeHaopa 3Hepr~~-~Mnynbca /25/. 

6 3aKn~4eH~e aBTOp~ C4~Ta~T CBO~M np~RTH~M AOnroM B~pa3~Tb 

~cKpeHH~~ np~3HaTenbHOCTb npo¢eccopy H.A.YepH~KOBy aa o6cymAe
H~e peaynbTaTOB pa6oT~. 

AsTop~ 6naroAaPRT TaKme E.A.HsaHosa, B.B.HecTepeHKo, A.G.nec
Tosa, 3.A.Tar~posa, H.C.Wasox~HY aa CT~Myn~py~~~e aaMe4aH~R. 
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