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Fl3BeCTHhIH MeTO,ll IlOMel.1-leHHH H3yqaeMoii CHCTeMhl B 

HI.QHK Mhl IlPHMeH.ReM K :rneKTpOMarHHTHOMY nomo, 3aKmo

qaJI ero B rpaBHTaUHOHHhIH Hl.1-lHK. 11,lle.R MeTO,lla rpaBHTa

UHOHHOro HLQHKa 6Lma enepBLie npe,llJIO:>KeHa e pa6oTe /I/ 
H nonyqHJia ,llaJILHeiimee pa3BHTHe B pa6oTax /1. ,3 /. 3,lleCL 

e KaqecTBe rpaBHTaUHOHHOro HlllHKa 6epeTCJI KOMilaKTHOe 

opHeHTHpyeMoe pHMaHoeo npocTpaHCTBO ·v3 • Bech MHP 

B TaKOM CJiyqae 6y,lleT npHMhIM TOilOJIOrHqeCKHM npOH3Be -

,lleHHeM 'V3 Ha epeMeHHYIO ocL T( M = T x'V3 ) . 3neKTpo

MarHHTHoe none, B OTJIHqHe OT 06l.l-lenpHHHTOrO B 06l.l-leii 

TeopHH OTHOCHTeJILHOCTHJIOKaJILHOrO.HCCJie,llOBaHHJI, B ,llaH

HOM cnyqae paccMaTpaeaeTCJI cpa3y Ha eceM Mnoroo6pa-

3HH B uenoM, qTo no3BOJIJleT, KpoMe ecero npoqero, yqecTL 

pOJih TOilOJIOrHqecKHX CBOHCTB npocTpaHCTBa. ,D,ocTHraeTCJI 

3TO HCilOJih3OBaHHeM onepaTopoe, onpe,lleJieHHe H CBOHCTBa 

KOTOphIX He 3aBHCJIT OT Bh16opa CHCTeMhl KOOp,llHHa T. Cpe,ll

CTBOM, IlO3BOJIJIIOLQHM CBJl3aTh pa3JIHqHhle <l>opMyJIHPOBKH 

H IlOHJITh ece xapaKTepHhle CBOHCTBa KBaHTOBOii TeopHH 

3JieKTPOMarHHTHOro IlOJIJI, cny:>KHT onepaTop IlOJIHPH3aUHH, 

KOTOphlii BBO,I\HTCJI B IlfHKTe 3. 

1. OCH06Hbre noll0JICeHUJI * 

BCJIKa.R BHeUIHJIJI ,llH<l>4>epeHuHaJILHaJ1 4>opMa CTeneHH p, 
Bhlpa:>KeHHaJI nocpe,llCTBOM JIOKaJILHhIX KOOp,llHHaT, MO:>KeT 

6LITL 3anHcaua B BR.Ile: 
1 i1 ip a=-a 1• 1

, dx /\ ... Adx . 
p! 1 ••• p 

Ko34>4>HUHeHThl <l>opMhl a i l ••• ip - KOMilOHeHThl aHTHCHM -

MeTpHqecKoro KoeapuaHTHoro TeH3Opa paHra p(p -KoBeK

Topa/. 

· * II 6 ~ /4,5,6/ o~po HOCTH MO:>KHO HaHTH B KHHrax • 
• 
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cl>opMLI 'leTHOro H He'leTHoro pO,IJ;OB pa3Jlll'lalOTCJI 3aKo

HOM npeo6pa30BaHHJI p ·K.OBeKTOPOB npH ne:gexo,IJ;e OT O,IJ;HOH 

CHCTeMLI JIOKaJU.HLIX KOOp,IJ;HHaT XI, ••• , X K ,IJ;pyroii 

CHCTeMe JIOKaJILHLIX KOOp.l{HHaT XI , ... ,x n 
f 1 i ax ax p 

ajI' .. jp'""aiJ .. ,ip ax jl ... axjP 

,IJ;JIJI 'leTHLIX p - K,OBeKTOpOB, 

a .. La ... _ax1~ 
i c•ip lrl 'r·1

P ax: 11 

ax
1
P -axip 

- _,IJ;JIJI He'leTHLIX p ·K.OBeKTOPOB. B nocne,IJ;Heii 4>opMyJie 

D( I n) 
X ••• X ... J... . . eCTL JIK06HaH KOOP,IJ;HHaT O,IJ;HOH CHCTeMLI 

D(x 1 ... x n> 
no: KOOP,IJ;HHaTaM ,IJ;pyroii. 

,D;u4>4>epeHI~HaJI 4>opMLI a CTeneHH p npe.ztcTaBJIJleT co-

60:ii 4>opMy da cTeneHH p + 1. HMeeT MeCTO CJie,IJ;yIOll{ee 

npaBHJIO: 

2 
d a ==0. /1/ 

B PHMaHOBLIX npocTpaHCTBaX C MeTpH'leCKHM TeH30POM 

g ij cyll{eCTByeT He11eTHaJ1 4>opMa CTeneHH n /:meMeHT o6'Le

Ma/ 

e dx
1 

A ; .. /\ dx n=d'V, 
l ... n 

r,IJ;e el =vi g .. I - µepBaJI KOMilOHeHTa He'leTHoro n ... n IJ 
·KO· 

BeKTopa, ,IJ;pyrHMH KOMITOHeHTaMH KOTOporo JIBJIJIIOTCJI 

e .. ""o.1"·~ e 
11 ... 1 p I r··I p l ... n 

cl>opMoii, .ztyaJILHoii 

BaeTCJI 

1 i1 . ip . 
4JopMe a= -a 

1 
• dx A ... dx ,Ha3LI· 

p! I'" Ip 

1 j l j n-p 
* a= ~- (*a). . dx A ••• Adx 

\O-ppJ: ! l l"'ln-
r.zt.e P 

1 i1 ... ip 
(*a). . = - e 1 . . . a 

J 1"·l P. 1 l ... i l l •··l n-p • p n-p 
,ll;JIJI npOH3BOJILHOH 4>opMLI a CTeneHH p 
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'., 

;, 

np+p 
** a ""(-1) a /2/ 

BcnH a , b - . O,IJ;Hopo.ztHLie 4>opMLI O,IJ;HHaKoBoii cTeneHH H 

'leTHOCTH, TO 
1 il ... i . , 

a A * b -= b A ·* a .. - a P b · . d V • 
. p ! i I'"i p 

CKaJIJlpHLIM npOH3Be,IJ;eHHeM 4>opM Ha3LIBaeTCJI 'IHCJIO ( a ,b ) ... 
.. fa/\ *b, ecJIH HHTerpaJI cxo,IJ;HTCJI. CaoiicTBa cKaJIJ1pHoro 

npoH3Be.zteHHJI 

( a , b) = ( b ,a ) 

(* a, * b ) = ( a , b) 

(a,a)LO. 

/3/ 

/4/ 

/5/ 

CTporoe paBeHCTBO (a, a) .. o BLillOJIHJleTCJI TOJILKO npH a= 0. 
JIHHeiiHLiii onepa Top A ' Ha3LIBaeTcJI conpJ1)KeHHLIM one -

paTopy A OTHOCHTeJILHO CKaJIJlpHoro npOH3Be,IJ;eHHJI, eCJIH 

OH y,IJ;OBJieTBOpJieT TO)K,IJ;eCTBY 

(Aa,b) =(a, A 'b). 
. 

OnepaTop o, conpl)KeHHLiii onepaTopy d, cyll{ecTayeT H BLI· 

pa:lKaeTCJI cne.ztyroll{HM o6pa3oM: 

np+n+l 
Ba,.. (-1) * d * a , /6/ 

ecJIH ~ - 4>opMa CTeneHH p. OnepaTOP o IlOHH:lKaeT CTeneHL 

4>opMLI Ha e,IJ;HHHUY, a KBa,IJ;paT ero paBeH HYJIIO': 

2 o a= O· 

TononorH11ecKHii onepaTop .zte PaMa 

tl .. od+ do 

caMOConpg)KeHHLIH 

(Lla,b) =(a, Llb) 
H IlOJIO)KHTeJILHLIH 

(Lla, a ) >.:.. 0. 

/7/ 

/8/ 
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2. 3AeK111POMOZHU1/IHOe noAe e zpaeumaijUOHHOM JIUIUKe 

IlycTL x I , x 2 x 3 - JIOKaJILHaH CHCTeMa KOOP.D:HHaT 
B 'V3 H g ij (x I , X 

2 ,x3) - MeTpH'leCKHH TeH30P Ha 'V3 .Tor.z:i:a 

Ha M=Tx'V 3 2 . 
ds2=-(dt) + g dx 1 dx J . 

ij 

liHBeKTOP f a/3 ( a , f3 ""'. 0, 1 , 2, 3 ) onpe.z:i:em1eT Ha 'V 3 ~ -4'opMy 
/BeKTop/ e = f 10 dx 1 H 2-il>opMy f =.l.f 1jdx 1 ?.dxJ. Boc
noJIL30BaBwuci. Bhlpa:>KeHHHMH onepaTfipoB d , 8 11epe3 
KOBapuaHTHhle npOH3BO.l(Hhle 151 , HeTPY.D:HO y6e.l(HTLCH, 'ITO 
ypaBHeHHHM MaKCBeJIJia 

Va f Q = 0, V f Q + V Qf + V f = 0 
a,-, a ,-,a ,-, aa a af3 

B paccMaTpHBaeMOH JIOKaJILHOH CHCTeMe KOOPAHHaT OTBe
'lalOT ypaBHeHHH 

af 
-+ de= O 

/9/ 

at 
/10/ 

df = O 

a e f --o =0 . /11/ 
at 

oe =0, 
/12/ 

onpe.z:i:eneHHLie y:>Ke Ha BCeM MHOroo6pa3HH M. 3aMeTRM, 'ITO 
onepaTOPhl d , o , * KOMMYTHPYIOT c onepaTOPOM a/at. 

Ilo TeopeMe pa3JIO»ceHHH / 5 ,6 / il>opMa f MO:>KeT 6blTL 
e,l(HHCTBeHHhIM o6pa30M npe.z:i:cTaBJieHa B BH.D:e CYMMhl Tpex 
l}>opM: a/ rOMOJIOrH'IHOH HYJIIO, 6/ KOrOMOJIOrH'IHOH HYJIIO 
H B/ rapMOHH'leCKOH: 

f = f I + f 2 + f 3 . , /13/ 

r.z:i:e f1 = da , f 2 =ob , fs=Hf - .rapMOHH'lecKa.11 4'opMa. 
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·~ 
.; 

IloKa:>KeM, 'ITO, corJiaCHO /10/, B pa3JIO:>KeHHH /13/f2 
paBHHeTcH HyJIIO. ,D;eiicTBHTeni.Ho, (f2 , O=(ob, f) =(b,df)= 0. 
C .z:i:pyroii CTOPOHhl, ( f 2, f} =( f 2, f 2 ) . B .z:i:ani.HeiiweM 6y.z:i:eM 
npe.z:i:nonaraTi., 'ITO 11ucno lieTTH b 2('V3 ) 161 paBHO HyJIIO. 
TaKoe TOilOJIOrH'leCKOe orpaHH'leHHe o6ecne'IHBaeT CYllleCT
BOBaHHe BeKTOp-n_oTeHI~HaJia, TaK KaK OHO 03Ha11aeT, 'ITO 

Hf,.. 0 H, CJie.l(OBaTeJILHO, 

f = da. /14/ 

IlpHMepoM MHOroo6pa3HH C TaKHM 'IHCJIOM lieTTH MO:>KeT 
CJIY:>KHTL TOilOJioru11ecKaH TpexMepHaH c4'epa S 3 / 7 /. P aBeH

CTBO b
2
('V

3
) = b iC'V 3 ) H TeopeMa pa3JIO:>KeHHH, nocne no.z:i:

cTaHOBKH 714/ B /9/, 06ecne11uBa10T npe.z:i:cTaBneHue 

e=d¢-.£.!L at · /15/ 

lfa BTOpoii naphl ypaBHeHHH · MaKCBeJina /11/, /12/ cne

.D:YIOT .ypaBHeHHH .l(JI.11 IlOTeHI.~HaJIOB a , ¢ : 

a2a 
at2 

a 
+oda--dcp= O • at 

o ( def, - aa ) = O. at 

" 
/16/ 

/17/ 

CHoBa npHMeHHH TeopeMy pa3JIO:>KeHHH, TenepL y)Ke K BeK
TOPY a, H o6o3Ha11a.11 'lepe3 a O BeKTOP, roMonorH'IHLIH HYJIIO, 
H qepe3 a I - BeKTOP, KOrOMOJIOrH'IHhlH HYJIIO, 6y.z:i:eM HMeTL: 

a=a
0

+a
1 

( a
0

, a 
1 

) = ( a
1 

, a 0) = 0 

oa 1 = 0 

da
0

= O_ 

H, KaK cne.l(CTBHe /16/-/211, 

/18/ 

/19/ 

/20/ 

/21/ 
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a2al a2 aO a 
- +·oda + -- -- d¢= 0 a t 2 · 1 a t 2 at 

aao 
o(d¢- --)== 0. 

at 

/22/ 

/23/ 

aao 
BeKTop c = d¢- at ecTL rapMouuqecKuii BeKTop, no-
CKOJILKY de ==0. oc =0 H TaK KaK, no npe.nnoJio:>KeHHIO, pa3-
MepHOCTL npocTpaHCTBa rapMOHHqecKHX BeKTOpOB b l(V 3) =0 
TO c = 0 HJIH /qTo TO :>Ke/: 

d¢=~-at /24/ 

IIo,ncTaBJIJIJI /24/ D /22/, HMeeM: 

a2al 
--+oda

1
= 0. 

at 2 
/25/ 

3. Onepamop noAJ1puaa1.1uu 

OnLIT IlOKa3LIBaeT, qTo Ka:>K,nLIH <l>oTOH HaXO,nHTCJI D He· 
KOTopoM cocToJIHHH nonJipH3annu. l!±o6LI npu.naTL :JTOMY 
IlOHJITHIO TOqHLJH MaTeMaTuqecKHH CMLICJI, BBe,neM onepaTop 

,. 
p = * d /26/ 

,. 
H pa.ccMOTPHM ero CBOHCTBa. OnepaTop P, KOTOpLiii MLI 
6y,neM Ha3LIBaTL onepaTOROM noJIJIPH3anuu, Ka:>K,nLiii BeKTop 
a nepeBO.I{HT B BeKTOP pa npoTHBOilOJIO:lKHOH qeTHOCTH. 

. ,. 
JierKoycTaHaBJIHBaeTCJI caMOCOilPJI:>KeHHOCTL onepaTopa p 
OTHOCHTeJILHO CKaJIJipHoro npOH3Be,neHHJI B npOCTpaHCTBe 
BeKTOpOB 

,. ,. 
(Pa , b ) = (* da , b ) = ( d a , * b) =( a, o :* b) = ( a , Pb ) . 

TaK KaIC d 2a == 0 , TO 

8 

~ ( 
I 

I. 

J 

" oPa== 0. /27/ 

" H:i onpe,neJieHHJI onepaTopOB P u o CJie,nyeT paBeHCTBO 

" p2 a = o da. /28/ 

3a,naqa Ha co6cTBeHHLie 3HaqeHHJI onepaTopa nonJipH· 
3anuu npHBO.I{HT K ypaBHeHHJIM 

,. 
Pa = pap 

p 
/29/ 

" IIocKoJILKY onepaTop P HeqeTHLiii, ero co6cTBeHHLie 3Haqe• 
HHJI JIBJIJIIOTCJI cKaJIJipaMH ueqeTHoro po.na /ncea.nocKaJIJI • 
paMH/. 3TO 03HaqaeT, qTo eCJIH p - co6CTBeHHOe 3HaqeHHe, 
To-p - raIOKe 6y,neT co6CTBeHHLIM 3HaqeHHeM. EcTeCTBeH· 
HO Il03TOMY onpe,neJIHTL COCTOJIHHJI C co6CTBeHHLIMH 3Ha • 
qeHHJIMH I Pl KaK npaBononJipH30BaHHLie, a c co6cTBeH· 
HLIMH 3HaqeaHJIMH...:lp I - _KaK neBononJipH30BaHHLie • ..f{cHo, 
'ITO BeKTOP al MO:lKHO npe,ncTaBHTL KaK cynepn03HnHIO 
TaKHX COCTOJIHHH 

a
1 

= ! a a 
p p. p 

a = (a , a 1 ) 
p p /30/ 

u 6o~ee Toro, corna.~uo /25/ H /28/, co6cTBeHHLie 3Haqe
HHJI p onpe,neJIJIIOT 3HeprHIO CTanuoHapHLIX COCTOJIHHH <I>o
TOHa. BBa,ny KOMilaKTHOCTH 'V3 ,..MHO:lKeCTBO co6CTBeHHLIX 
BeKTOPOB a p cqeTIJ.O. OnepaTop p oqeBH.I{HO aHHYJIHpyeTCJI 
Ha BeKTopax ao , Pa O ':" 0 , TaK qTO co6CTBeHHLie BeICTOPLI 
a p He o6pa3yroT 6a3uca Bcero rHJIL6epToBa npocTpaHcTBa 

H BeKTOpOB a. B CBJl3H c· 3THM o6paTHMCJI IC. onepaTopy 
Jlannaca, ICOTOpLiii <i>aKTuqeCKH JIBJIJleTCJI HHqeM HHLIM, ICaIC 
onepaTOPOM .ne PaMa /8/ B npocTpaHCTBe CKaJIJIPOB. Co6-
CTBeHHLie <i>YHKnHH onepaTopa Jlannaca B rHJIL6epTOBOM 
npocTpaHCTBe cKaJIJipo:o ¢ o6pa3yroT opTOHOPMHpoBaHHLiii 
6a3HC '7>>., : 

2 
!!¢'A ='A ¢>..' (¢>.., ¢),.' ) =oM, 

/31/ 

¢= f x>..¢>.., x>..==(¢>..,¢). 
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BeKTOPLI b 1 d 
,\=r cf,,\ 

onpe,l\emnoT HCKOMLIH opTOHOpMHpoBaHHLIH 6a3HC ,l\IlJI BeK
TOPOB ao H BMecTe C BeKTopaMH a o6pa3yroT 6a3HC 
Bcero rHnb6epToBa npocTpaHCTBa H • .n,liicTBHTenbHO, 

" 1 1 
Pb,\ = O, ( b ,\ , b ,\ , ) = ff' ( d ¢>_ , d cf,,\ , ) = ,\,\, (cf,,\ , 11 cf,,\,) = 

,\ , 
= A (cf,,\, cf,,\,) = 8,\,\, , (a P , b,\ ) = 0. 

Ilo.l{CTaBilJIJI nonyqeHHOe pa3IlO:>KeHHe 

a=Ia(t)a +Ifl,\(t)b,\ 
p p p ,\ 

/32/ 

H pa3no:>KeHHe /31/ B /24/ H /25/, HaXO.l{HM, 'ITO 

a(t)=c e ipt 
p . p 

+c+e-ipt 
p ' /33/ 

a BpeMeHHaJI 3aBHCHMOCTb K034><i>Hu;HeHTOB X,\ ( t) , fl,\ (t) 
ocTaeTCJI Heonpe.l{eneHHOH C ToqHOCTblO AO ypaBHeHHJI 

afl,\ (t) 
,\xit) - --- . = o. /34/ at 

HaKnaALIBaJI ycnoBHC JiopeHu;a 

8a + ..±1!_= o 
0 at · 

/35/ 

KOTOpoe ,l{aeT eiqe 0.l{HO ypaBHeHHe ,l{IlJI X ,\ ( t) , fl ,\ (t) 

,\fl,\ (t) + -...:.!--- = 0, /36/ 

onpe,l{enJieM JIBHYIO 3aBHCHMOCTb X,\ (t), fl,\ (t) OT BpeMeHH: 

10 

x,\(t) =P e i,\t 
,\ 

+ 
+ p ,\ e 

- j,\ t /37/ 

{3>. (t) =4,\ e i,\ t 

p,\ + ti q ,\ = o , 

+ 
+ q,\ 

e -iAt 

+ . + p ,\ -11 q ,\ = 0 . 

4. KeaHmoeaHue 3AeKmpOMQZHUmHOZO nOAJI 

/38/ 

/39/ 

r ny60KHH no,l{XO,l{ K npo6neMe KBaHTOBaHHJI noneii cit,op
MynHpOBaH B pa6oTax /8 ,9 /. IlpHMeHJIJI nonyqeHHLie B HHX 
pe3yilbTaTbl K 3U,[{aqe KBaHTOBaHHJI 3IlCKTPOMarHHTHoro 
nonJI, MLI npe:>K;J;e Bcero ,[{On:>KHLI BBeCTH CKailJlpHoe npOH3-
Be,l{eHHC B npocTpaHCTBe peweHHH ypaBHeHHH MaKCBenna. 
Ecna e , f = d a ; e' , f '=<la' - ,[{Ba peweHHJI ypaBHeHHii 
MaKcBenna, TO aHTHCHMMeTpHqHoe CKanJ1p11oe np0H3Be -
.[{eHHe onpe,[{enHM, nonaraJI 

< a I a'> = ( a , e ')- ( a ',e ) . 

.D,ait,it,epeHu;Hpyg (a, e ') no BpeMelIH, nonyqaeM 

_a_(a,e')=(k,e ')+(a, ae'> 
at • at at 

' 
=(dcf,-e ,e ')+(a, 8f')=-(e ,e ') +(f ,f'). 

/40/ 

IlpHBe,[{CHHaJI BLIKna.[{Ka nmca3LIBaeT, qTo CKanJlpHoe npOH3 -
Be,[{eHHe He 3aBHCHT OT BpeMeHH. He 3aBHCHT OHO H OT rpa
,[{HeHTHoro npeo6pa3oBaHHJI a ➔ a + d cf, • · 

3neKTpoMarHHTHoe none KBaHTyeTCJI C(lrnacuo cTa
THCTHKe lio3e. 3TO 03HaqaeT, qTo nonJI e" , f Ha nOnHOH 
ranepnoBepxuocTH t = const paccMaTpHBaIOTCJI KaK reue
paTopbI anre6pLI, JIBilJIIOll{CHCJI 060611J;eHHeM Ha CHCTeMLI 
C 6eCKOHe'IHLIM qucnoM CTeneHeii CB060.[{LI, anre6pLI KBan
TOBOH MCXaHHKH. O61l{Hii 3IleMeHT IlHHeHHOH o6onoqKH reHe -
paTopoB HMeeT BH,l\ 

" " " f=(a,e )-(a,e) /41/ 
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" " IlocKOJibKY a , e ; a , e y.noeneTeopsroT ypaeHeHHJIM 
MaKCBenna, ( a ,e")-('a, e ) He 3aBHCHT OT BpeMeHH. Ilone a , 
e OCTaeTCJI HeKBaHTOBaHHbIM. cl>opMynoii 

"" " " ff'-f'f =1ih<ala'•> /42/ 

BBO,IJ.HM aHTHCHMMeTpH'IHOe CKaJIJlpHoe npOH3Be,IJ.eHHe B 060-
JIO'IKe reuepaTopoB /41/, 'ITO H 03Ha11aeT KDaHTOBaHHe no 
CTaTHCTHKe b03e. 

HeTpy,nuo AOKa3aTb, HCn0Jib3YJI /15/, /18/, /19/, /20/, 
/21/, 'ITO - -

, aa aa; 
< a I a > = ( a i • iT ) - ( al • ---;rr--) . /43/ 

OTCIO,IJ;a cne,nyeT Ba)l(Hblii BbIBO,IJ;: nOJIJI ao, ¢ ue KBaHTy
lOTCJI, He3aBHCHM0 OT Toro, HMeeM Mbl YCJIOBHe Jlopeuua 
HJIH HeT; KBaHTOBaHHe 3JieKTPOMarHHTHoro noJIJI C YCJIOBHeM 
Jlopeuua e onepaTopHoii <l>opMe Heeo3MO)KIIO. 

l1To6w npoKBaHTOBaTb nom1 ao • ¢ • 6y,IJ.eM HCXO,IJ.HTb 
H3 ypaBHeHHH /25/ H ypaeHeHHii 

a 2a0 A a = 0 ____ ._ - +u 0 

at 2 

a
2
¢ +fl. ¢ = o. 

at 2 

/44/ 

/45/ 

KOTOPLIM OTBe11aeT He3aBHCHMOe OT-BpeMeHH aHTHCHMMeT

PH'IH0e cKanJ1pHoe npoa3ee,neuHe 

<a,¢1a',¢'> =(a, aa')-(a',~)+(¢' a¢ )-(¢,a¢). 
at at · at at 

/46/ 

KeaHTOBaHHe noneii a • ¢ B TaKOM no.nxo.ne npHBO.D,HT K 
<l>OPMYJIHPOBKe cl>epMH, B KOTOpoii ycnOBHe JlopeHua TpaK
TyeTCJI KaK orpaHH'leHHe ua BeKTOpbl COCTOJIHHJI 

12 

( " • >'\ ) p,\ + :1 q ,\ tp = 0. /47/ 

Haii,neM BTOPH'IHO-K~aHTOBaHHLie onepaTOphl 3HeprHH 

" (. Ilonaras e /40/ a '= ...£..!!. - - at e' • = 

I aa ae ) aa <a - >=(a, - -(- ,e) = at at at 

ae 
""at' 

= ( a , of) - ( d ¢ --e , e ) = ( f , f) + ( e , e ) > 0 • 

TaKHM o6pa3oM, 

("= .L <a I a;>= I P2 < ~ ;+ + c+ c" >. 
2 at P P P P P 

B $opMynHpoeKe cl>epMB nonaraeM 

. , a a 1 , a a o ,1,, , .·a¢ 
a= ,a •-,'f' =-

I at O at at 
H nony11aeM · 

noJiy'IBM 

/48/ 

" 2 " "+ " " 2 " " + "+ " . c = I p ( c c + c + c ) + ! X ( 4,\ q ,\ + q \ q \ ) -
<I> p p p pp ,\ /\·/\ 

2 " ,..+ ,, " ) 
- I ,\ ( p p \ + Pf P ,\ · 

,\ ,\ I\ 

/49/ 

OrpaHH'leHHe /47/ Ha BeKTOpbl COCTOJIHHJI 06ecne1IHBaeT 
- . " -

noiIO)KHTeJibHOCTb cpe,nuero 3Ha"leHHJI £ $· OnepaTopw 3Hep-
rHH /48/, /49/, , nocTaBmieMwe _ rpynnoii TpaHCJIBUHH 
no: BpeMeHH, Dbl,IJ;eJI.HIOT e,IJ.HHCTBeuuoe BaKyyMHOe COCTOJI
HHe. 

B 3aKJIIO'leHH,e 3aMeTHM, 'ITO B cny11ae, KOr,D;a 'V3 eCTL 
E3 H, cTano 6b1Tb, M ecTb Mnp·IIyauKape-MnuKoecxoro, 
onepaTop nonspH3aUHH .naeT KBaHTOBOMexauu11ecKoe o6ocHo
eauHe pa3JIO>KeHHJI 4-e_eKTop-n_oTeuuuana ua nonepe1111yro, 
llPOAOJibHYIO H BpeMeuuy10 'laCTH. Ero co6CTBeHHble 3Ha
'leHIIJI e HMnyJibCHOM npocTpaHCTBe 6y,D;yT paBHhl 

·1 ·1 . / 2 2 2 ➔ +(➔) ➔ - (➔) ; P = v PI + p 2 + p 3 , H, ecJIH e p , e p TaKOBhl, 'ITO 
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" + . . ➔ + " ➔ - . . ➔ - ➔ 1 + ➔-
Pe =!pie , Pe =-!pie , To,nmI e =-(e +e ), 

' 2 
e 2 = -

2
i (e+ -e-) HMelOT MeCT0 paBeHCTBa el • e2 = 0 , 

➔ ➔ ➔ 2. P• p I, 
p.e1 .. p\e2 =0 , ~ ei.\ ek,\ =Oik- ~,r.neei,\ 

x ... l <i> ·P) 
K0Mil0HeHTbl BeKT0p0B e ,\ ( ,\ = 1,2) . . 

ABTOp Bblpa>KaeT HCKpeHHIOIO 6naro,napHOCTb npo4>eccopy 
H.A.qepHHKOBY 3a Il0CTaH0BKY 3a,na11a:- Il0CT0JIHH0e BHHMa· 
HHe K pa6oTe H UeHHhle C0BeTbl. 
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