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K eonpocy cnHHOpHoro npeACTaeneHH~ npocTpaHCTBa

epeMeHH 

PaccMaTpHeaeTc~ npeACTaeneHHe BeKTop-KoopAHHaT~ npo
CTpaHCTBa-epeMeHH B BHAe 6HnHHe~HO~ KOM6HHa~HI-1 CnHHOPH~X 
KOOPAHHaT, B KOTOpOM MOmHO peanH30BaTb TpaHcn~~H~ npOCTpaH
CTBa-epeMeHI-1. An~ 3TO~ ~en~-1 He06XOAHMO BBeCTI-1 ABe cnHHOpH~e 
KOOPAHHaT~. B paMKaX narpaHmeea ¢opManH3Ma B~BeAeH~ ypaBHe
HI-1~ none~ 3~nepa-IlarpaHma. np~-1 noMOUIH TeopeMbl HeTep nony4e
Hbl COXpaH~~UIHeC~ ¢H3H4eCKHe BenH4HHbl. 113y4eHbl TaKme CnHHOp
H~e KanH6poB04H~e non~ B cnHHOpHOM npeACTaeneHHH npocTpaH
cTea-epeMeHH. 

Pa6oTa e~nonHeHa B Ila6opaTopHH TeopeTH4eCKO~ ¢H3HKH 
011.RI1. 

Coo6meHHe 06bellHHeHHoro HHCl'Hl'yra HllepHbiX HCcneaoaaHHl!. D.y6Ha 1979 

Nguyen Thi Hong P2 - 12768 

On the Problem of Spinor Representation 
of Space-Time 

A method of realizing the bilinear spinor representa
tion of space-time is suggested, in which the usual tran
slation can be established. In this spinor formal ism the 
equations of motion, the Noether theorem as well as the 
spinor gauge fields are considered. 
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§1. BBEAEHI1E 

Bonpoc cnHHOpHoro npeACTaeneHH~ npocTpaHCTBa-epeMeHH 6~n 
paccMoTpeH eneps~e CMpmeM s pa6oTe /l/. 11cXOAH~M nyHKTOM as
Topa cnymHT HAe~, yTsepmAa~llla~, 4TO npocTpaHCTBO - speM~ ~s

nReTCR CaMO~ OCHOBHO~ $1-13H4eCKO~ CHCTeMO~ H n03TOMy 4-seKTOp 
X~ AOnmeH 6~n 6~ CTPOHTbCR H3 6onee ¢YHAaMeHTanbH~X MaTeMa

TH4eCKHX 06DeKTOB, a HMeHHO, H3 CnHHOPOB. 11cnonb3YR TPH paa
H~X 6a3HCH~X cnHHOpa H npHAaBaR npH 3TOM cne~HanbHY~ ponb 
TpeTbeMy 3neMeHTY - ~. 4epe3 KOTOp~~ B~pamaeTCR 4-seKTOP 
npocTpaHcTsa-epeMeHH, 

X = t/J Y. ~. 
~ ~ 

I 1. 1/ 

CMpmy YAanocb e~secTH MexaHH3M pac111enneHHR Mace 4aCTH~ 1-1 no
ny4HTb MaCCOBy~ ¢opMyny renn-MaHHa-0Ky6o t2,a1. 

B~weynoMRHyT~e HAeH cHosa 6~n1-1 paccMoTpeH~ 6onee AeTanbHO 
H 6onee 3neraHTHbiM nyTeM s pa6oTax Ta~Ta 1-1 KopHsenna 141 1-1 

ApaKH 1-1 0Ky6o 151. 

CneAyeT, OAHaKo, OTMeTHTb, 4To, KaK 6~no yKaaaHo s ~HTH
posaHH~x pa6oTax, npH npeACTasneHHH seKTopa npocTpaHcTsa
speMeHH no o6paay /1.1/ ~He MomeM nony4HTb o6~4Hoe TpaH
cnR~HOHHoe npeo6paaosaHHe, 1-1 TOrAa rpynno~ CHMMeTpHH npo
CTpaHcTsa-speMeHH 6yAeT RBnRTbCR rpynna Ae CHTTepa /4+1/ 
BMeCTO rpynn~ nyaHKape. 

Bonpoc cnHHOPHoro npeACTasneHHR npocTpaHcTsa-speMeHH npH
o6peTaeT e111e HOBOe 3Ha4eHHe 8 CBR3H C TeOpHe~ cynepCHMMeTpHH 
~-9/ • Aeno s TOM, 4TO np~-1 H3y4eHHH cynepcHMMeTpHH Hcnonbay

eTCR YA06H~~ MeTOA, rAe o6~4Hoe npocTpaHcTso-speMR pacwHpReT
CR nyTeM BBeAeHHR HOBO~ cnHHOPHO~ KOOPAHHaT~. 8 3TOM cny4ae 
cnHHOpHoe npeACTasneHHe o6~4Horo npocTpaHCTBa-speMeHH noaso
nReT HaM TpaKTOBaTb npeo6pa30BaHHR cynepCHMMeTpHH H nyaHKape 
Ha paBHO~ OCHOBe, ¢opMynHpyR HX Ha CnHHOpHOM R3~Ke. 

3AeCb ~ npeAnaraeM OAHH MeTOA cnHHOPHOrO npeACTaBneHHR 
npOCTpaHCTBa-speMeHH nO/ , 8 KOTOPOM MOmHO BBeCTH 06~4HOe 
TpaHCnR~HOHHOe npeo6pa3oBaHHe H, cneAOBaTenbHO, MOmHO HC
nonb30BaTb o6~4HY~ rpynny cHMMeTpHH nyaHKape. PaccMaTpHea~TCR 
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ypasHeH~~ AB~meH~~ ~ TOK~ HeTep s 3TOM cn~HOPHOM ¢opMan~sMe, 
a TaKme cn~HOPH~e Kan~6poso4H~e non~, KOTop~e no~sn~~Tc~ np~ 
noKanbHbiX npeo6pasosaH~~x 1111 • nocneAH~~ naparpa¢ nocB~lllaeT
c~ KOH¢JOPMH~M npeo6pa3oBaH~~M 1121 

§2. Cni1HOPHbiE KOOP.[\11HATbl. nPEOEiPA30BAHI1.sl nYAHKAPE 

8 OTn~4~e OT pa6oT 11•4•51 M~ BBOA~M ABa 6a3~CH~X en~ HOp a 
e . ~ T . ' rAe a -cn~HOPHbl~ ~HAeKc .a~paKa, a =1,2,3,4, • a1 a1 . 
i - ~socn~HOPH~~ ~HAeKc, 1 =1,2, ~ HanaraeM cneAY~lllee 
SU(~ -Kosap~aHTHoe Ma~opaHoso ycnos~e: 

e-ai ( -1) ij (C-1 ) a{3 e 
; e Y5 f3i ' 

/2.1/ 
-;ai ;(e-1)ij (C-1y

5
)af3 7 {3j 

rAe C -MaTP~Lia sap~AOBoro conp~meH~~, 
-1 ij . ) j 

(e ) =-eij =-l(a 2 i, 

a l 3 - MaTP~I..Ibl nayn~. 

lofcnonb3y~ /2.1/, Mbl B~A~M, 4TO: 

- -ai If') f3i e e-r r r e = r ,. f3i = 11r r, /2.2/ 

+ 1. r = 1, r 5, Y~i , Y5 r IL Ill a a ' a p.v Ill a a ' 
77r = 

- 1, r ; y 5 y /1. a p.v • a a • y 5 Ill a a •Y/1 saa 

B 4aCTHOCT~, ~3 /2.2/ ~MeeM: 

Oa O=ra r;o p.v p.v • /2.3/ 

~ n03TOMy 

Oy/1 Yve g OO,rr.yr=g rr. 
p.v /1 v p.v /2.4/ 

3To CBO~CTBO Mbl 6yAeM 
cn~HOpH~X KOOPA~HaT (0, r) 

nyTeM np~MO~ nposepK~ 

4acTo ~cnonbsosaTb np~ nepexoAe OT 
K BeKTOpHO~ KOOPA~HaTe X/1 . 

nerKO YCTaHOB~Tb, 4TO B npOCTpaHCTBe 
(0, r) onepaTOPbl 

P = i--1:..-(y, r) . 
IL rr 11 a! 

a /2.5/ 
aeai 
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• 

1 f3 a a 
M ; - --(a ) [r. . ----- + 0 . ---- ---] 

p.v 2 p.v a {3! ar . {3! ae . 
a1 a1 

/2.6/ 

pean~sy~T npeACTasneH~e anre6pbl nyaHKape, ~MeHHo: 

7ai 

[P/1 , Pv ] = 0, /2.7/ 

[Mp.v'pp ] ; i(gvppp. -giLP P). 
/2.8/ 

[M M ) = i (g M + g M - g M - g M ) • 
· p.v ' pa p.a vp vp p.a p.p va va ILP /2.9/ 

CornaCHO /2.5/ ~ /2.6/ saKOH~ npeo6pasosaH~~ An~ eai ~ 
~Me~T B~A 

-iaP 1 ~ -iaP 
e 0 . = 0 . ~ ----(ar )a . , e T . 

U! a1 - I a1 
TT 

= T . 
a! 

i p.v i p.v i /1 1' i p.v 

/2.10/ 

2w Mp.v - 4w all'' 2w M1u , -4w ap.v 

e eai = (e eai • e 'ai = (e r)al 

/2.11/ 
B cooTBeTCTB~~ c /2.10/ ~ /2.11/ saKoH npeo6pasosaH~~ 

AnR nonesoro onepaTopa san~weTc~ s B~Ae 

-iaP 1 ~ iaP 
e ¢(r,O ~ -_::--- ar)e ¢(r,O), /2.10 1/ 

TT 

· p.v · Ill/ i IL" 
.Lw M - .l..w M - -w '5' 

e 2 /lf/ ¢ (r', e ')e 2 IL';: e 2 I-IV¢ (r, 0), /2. 11 1
/ 

rAe lp.v - cn~Hosa~ MaTP~Lia An~ non~ ¢, 0' ~ r' - TpaHc¢op
M~posaHH~e cn~Hop~ /2.11/. 

CTpo~M Tenepb seKTop npocTpaHCTBa-speMeH~ x/1 4epes 6~
n~He~HY~ KOM6~Hal..l~~ 0 ~ T no ¢opMyne 

x/1 ; "i" y /1 0. /2. 12/ 

_0TMeT~M, 4TO X/1 - Ae~CTB~TenbHbl~ BeKTOP, TaK KaK ; y /1 0 
= Oyll r . Eionee Toro, 4To6~ x/1 6~n non~pHbiM 
peAen~eM npeo6pasosaH~e 4eTHOCT~ cneAY~lii~M 

BeKTOpOM, Mbl on
o6pa3oM: 

e . a I 

a 
... ry (yo )a e ' · a 1 

rAe ¢a30B~ ~ ¢a KTOp 1j 

a 
• r . ... ry(yo) a 1 a T '· ' a 1 

OA~HaKos An~ 0 ~ r 

/2. 13/ 

~ paseH +1 ~n~ -1. 
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Ael71cTBYR 12.51 Ha 12. 121, Mbl YBI-1AI-1M, 4TO 

PIL X ~, i g ll l.' 

1-1, cneAoBaTenbHo, 

e~ ia P X ~ X 
IL IL 

+ a 
IL 

12 . .141 

12. 151 

T . e . Mbl nony41-1M o6bi4Hoe TpaH cnRl.II-10HHoe npeo6pa3osaH!-1e AJ1R • 
KOOPAI-1HaTHoro seKTopa. 

3AeCb cneAyeT o6paT!-1Tb BHI-1MaH!-1e Ha I-130 C ni-1 HOPHY~ CTpyKTypy 

Oai 1-1 rai ; I-1MeHHO OHa no3BOnReT nony41-1Tb ypasHeHI-1R 12.31 
1-1 12.41 1-1, cneAoBaTenbHO, 12.141 1-1 12.151. 

§3. YPABHEHH~ ABHmEHH~. TOKH HtTEP 

B 3TOM naparpact>e Mbl paccMaTp!-1saeM ypasHeHI-1R ABI-1~eH!-1R 1-1 

TOl<l-1 HeTep Ha R3b1Ke cni-1HOPHbiX KOOPAI-1HaT ()a i 1-1 r a i • 

H3 Bblpa~eHI-1R 12.51 AnR TpaHcnRl.li-10HHoro reHepaTopa Mbl 
BI-1AI-1M, 4TO AnR Taro, 4T06bl I-1MeTb COOTBeTCTBI-1e C I-13BeCTHbiMI-1 
pe3ynbTaTaM!-1 IHa R3~Ke BeKTOpHOA KOOPAHHaT~ ~~ narpaH~!-1aH 
AOn~eH 3aBHCeTb OT noneA ¢(r, ()) 1-1 1-1X nepBblX npOH3BOAHbiX 
_a_p_ __ 

ae ai 

£ - ~ (¢ (r, ()), -~~~~·- () ) ae ~--- J. 
a I 

/3.11 

M~ noTpe6yeM, 4To6~ ypasHeH!-1e ABI-1~eH!-1R !-1Meno TaKy~ ct>opMy, 
npr-1 KOTOpOI7! B 4aCTHOM cny4ae nonR 3aB!-1CRT OT T 1-1 () 4epe3 

61-1n1-1HeAHy~ KOM61-1Ha1.11-1~ ry!L 0 ~ X IL . • Mo~HO noKa3aTb, 4TO 
caMoe npocToe ypasHeH!-1e, YAOBneTBOPR~~ee 3TOMy Tpe6osaHH~, 
eCTb: 

a~· 

il¢ 

d af 
au a"i a<ach: aeai) 

o. /3.2/ 

PacCMOTPI-1M HeKOTOPble npocTble np!-1Mepbl. AnR cso60AHoro HeA-
TpanbHoro cKanRpHoro nonR <ll•c, ()) Bbl6!-1paeM narpaH~HaH BHAa 

f ~ _! __ _ 
2rr 

6 

.rl<l> 

,·Ill . 
fll 

d<fl 1 9 " - -- m- •I>-
·J 

13.31 
rlii'" 

• 

a AnR 3apR~eHHoro cKanRpHoro nonR - B!-1Aa 

f = _ _!_ -~<p-~_ . -~~-- - m2 <I> t <I>. 
- - ai 
TT a(}aj a(} 

13. 3 11 

TorAa ypasHeHI-1e 13.21 AaeT: 

(-_!_- ---~-----;-- + m 2 ) <I> = 0. 
TT aeai a(Jal 

13.41 

IlerKo Bi-1AeTb, 4TO s cny4ae <l>(r,O) = <I>G'yll(J) ypasHeH!-1e 

13.41 npespa~aeTCR s o6~4Hoe ypasHeHI-1e KneAHa-ropAoHa. 
AnR cso6oAHoro cni-1HOpHoro nonR tjJ (r, ()) Mbl Bbl6!-1paeM nar-

paH~I-1aH BI-1Aa 

i IL a -f = --.::--iii y (y T) . ----- - t/1 - M t/1 t/1 • 
2rr IL ai aeai 

13.51 

YpasHeH!-1e 13.21 AaeT 

(- iy IL -~p._: )ai --- - --
TT 

a 
M)t/J = 0 /3.6/ - ---- ~ 

ao ai 
1-1 

tfJ (i -~JL~)!!L yll __ !} ___ + M) = o . I 3. 6 11 
TT a(} ai 

B cny4ae tjl(r, 0) = tjJ (ryll 8) ypasHeHI-1R /3.61 1-1 13.6 I 
npespa~a~TCR s o6bl4H~e ypasHeHHR AHpaKa. 

B npocTpaHCTBe (r, ()) onpeAeni-1M Aei7!CTBI-1e, KaK HHTerpan OT 
narpaH~I-1aHa nor 1-1 () 

rAe 

An = r ct 8 e ct8 
r ~ , 

n 

d 8(Jd 8
r _n d Oai, _n drf3i· 

a - 1, 2,3 ,4, f3 -- 1, 2 ,3,4, 

i - 1, 2 j = 1, 2 

13.81 

/3.81 

H3 ct>opMyn 12.101 1-1 12.111 Bi-1AHO, 4TO I-1H$1-1HHTe31-1ManbHbl l7! 
11061>eM11 d8 0 d 8r RBnReTCR nyaHKape-I-1HBapHaHTHbiM 1-1, CneAO-
BaTenbHO, cKanRpHOCTb narpaH~I-1aHa o6ecne41-1BaeT nyaHKape
i-1HBapl-1aHTHocTb Ael71cTBI-1R A. 

PaccMOTPI-1M 1-1H$1-1H!-1Te3HManbHoe npeo6pa3osaH!-1e cni-1HOPHblX 

KOOPAI-1HaT 0 , T 1-1 nonel71 ¢ 1-1 Bblpa3!-1M sapi-1al.IHI-1 o() ai ' OT a! 

1-1 o¢ 4epe3 napaMeTpbl npeo6pa30BaHI-1R Ow a no $OpMynaM: 
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(a) 
oOai = 8ai ow a' 

(a) 
o¢ = F ¢ owa 

(a) 
orai=Taiowa' 

13.91 

nocTynaR aHanont4HO 1131 ' Kat< np~-t 8bi80Ae TeopeMbl HeTep AnR 
AeHCT8~-tR 8 o6bi4HOM npocTpaHCT8e-8peMeH~-t x~ , ~-tcnonb3YR np~-t 

3TOM ypa8HeH~-te A81-tlKeH~-tR 13.21, Mbl np~-tXOAI-IM K cneAYIOUjeH ¢op
Myne AnR 8ap~-ta~~-tl-l AeHCT8~-tR: 

aJO T 

OA =- f d80d8r !---~i_{!-1_ __ + -~Ja i(a) 
n ao . a--- Iowa 

al r . Ul 

rAe o6o3Ha4aeM 

Jo 
ai(a) 

JT 
ai(a) 

a~ (a) a¢ (a) a¢ (a) 
= - 1 ---------(F¢- ----8{:3j- -----Tf3i) , 

¢ a(-~i_ __ ) ao{:3j ar{:3j 
aoai 

~(a) 
ai 

/3.101 

13. 111 

1-1 Ha3bl8aeM 3T~-t 8en~-t4~-tHbl 11 TOKaM~-t 11 HeTep 8 npocTpaHCT8e I r , 01. 
H3 13.101 cneAyeT, 4TO ecn~-t AeHCT8~-te ~-tH8ap~-taHTHO OTHoc~-t

TenbHO npeo6pa308aH~-tR C. napaMeTpOM w a , T. e. ecn~-t oAi ow a = 0, 
TO 

0 T 
-~~1::~01_ + -~~f::~l__ = 0 . 13.12/ 

ao . ar ai aJ 

MolKHO noKa3aTb, 4TO 8 cny4ae 
0 T 

J ai(a) 1-1 J ai(a) 

¢ (r, O) = cp(;:y~(}) TO KI-t 

C8R3aHbl C 06bi4HbiM TOKOM HeTep J~(a) <!Jop-

MynoH 
- 0 - T 

J~(a) - ry~ J(a) + Oyp.·J(a) • /3.131 

AnR ~-tnnK>cTpa~~-t~-t np~-t8eAeM OAI-IH npocToH np~-tMep: npeo6pa3o-
8aH~-te TpaHcnR~~-t~-t e-iaP • H3 ¢opMyn 12.101 1-1 12.10 I ~-tMeeM: 

(v) 1 v (v) 
8 . = --- (y T) . ' T . = o. a1 ;, a1 a1 F 

(v) 
¢ = o. 13.141 

noACTa8nRR 13.141 8 13.111, nony4aeM: 

8 

• 

• 

Je. 
Ul,V 

1 a~ a¢ 
= --- ! l - --- ---- ( y T ) ------ -

'' ¢ ar~. v f:3i a o a<--~--> f:3i 
aeai 

B cny4ae cp(r, O) = cp(;y~(}) ~-tMeeM: 

ai 
<T'r > 

~ 

e 
J . 
Ul,V 

" T 
~v 

~ (y T) . I . 
v a1 

rAe T~v - o6bi4HbiH TeH30P 3Hepr~-t~-t-~-tMnynbca, 

'I 
~v 

~ _?-~--- a ,/.. - ~ g IIV • 
k -- I' 'P r 

¢ a<a 11 c~>> 

§4. CnHHOPH~E KAnH6POB04H~E nonH 

13. 151 

13. 161 

HcHo, 4TO Tpe6o8aH~-te ~-tH8ap~-taHTHOCT~-t narpaHlK~-taHa np~-t no-
KanbHbiX npeo6pa3o8aH~-tRX 8 npOCTpaHCT8e ((},~ np~-t80AI-IT K 
npeAnOnOlKeHI-!10 0 CyUjeCT 808aHI-tl-t cn~-t HOPHbiX Kan~-t6p0804HbiX noneH. 
AnR npocTOTbl paccMOTP~-tM 3AeCb U(1) - npeo6pa3o8aH~-tR, 1-1 AnR 
on~eAeneHHOCTI-1 OTOlKAeCT81-!M I-IX C npeo6pa308aH~-tRMI-t 3neKTp~-t-

4eCKOrO 3aPRAa. nony4eHHble pe3ynbTaTbl MO)f(HO nerKo o6o6Uj~-tTb 
Ha cny4aH npo~-t380nbHOH Hea6ene80H Kan~-t6p0804HOH rpynnbl. 

PaccMoTp~-tM cHa4ana 3apRlKeHHOeacKanRpHoe none c narpaHlK~-ta

HOM 13.3 I. BMeCTO npo~-t380AHOH ----7 88eAeM K08ap~-taHTHYIO -a! 
npo~-t380AHYIO ae 

a D . = -----:- + al aiJal 
ie A . aJ 14.11 

TaK, 4T06bt Dai <I> 
1-1 <1>, a 1-!MeHHO: 

npeo6pa3o8anocb no TOMY )f(e npa8~-tny, 4TO 

D'.<l>' =e-ieA(r, O) D.<l> 
a1 a1 ' 14.21 

rAe A -napaMeTp npeo6pa308aH~-tR, 3a8~-tCRUji-IH OT cn~-tHOPHbiX KOop
A~-tHaT (r, 0). Mbl Ha3bl8aeM cn~-tHOpHoe Kan~-t6po804Hoe none Aai , 

noR8nRK>ll1eecR 8 8btpalKeH~-t~-t 14. 1 I AJ1R K08ap~-taHTHOH npo~-t3 80AHO!it, 
cn~-tHOPHbiM 3neKTPOMarH~-tTHbiM noneM. H3 14.11 1-1 14.21 cneAyeT 
3aKOH npeo6pa3o8aH~-tR AnR Aa 1: 

A' ai =A . a1 
a A 14.31 + ------. 

aeai 
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Mbl TaK>Ke HanaraeM Ha none Aai ycnoa1-1e Mai1opaHa, aHano

ri-14Hoe 12. 11, T.e. 

Aai = (e - l)ij (C-ly5)a{3A{3j 14.41 

8MecTe c Koaap!-1aHTHOi1 npoi-13BOAHOi1 Dai Mbl I-1MeeM TaK>Ke 

5ai = a - ieA ai 
aeai -ai + 

04eBI-1AHO, 4To D ct> 

14.51 

npeo6pa3yeTcR no TaKoMy >Ke 3a-

KOHy, 4TO 1-1 ct> ~ , a 1-lMeHHO: 

0, ai ct>' + = e i e ,\(r, 8) 0ai ct> + . 14.61 

8MecTo a~pa>KeHI-1R 13.3 I A11Rf 0 (ct>) 
AY~~1-1i1 1-1HBap!-1aHTH~i1 narpaH>K!-laH: 

M~ I-1MeeM Tenepb cne-

f = _! _[)ai <11~ D . ct> -m 2 <IJ ~ ct> = f
0

(cll) j f t (A . ,ct>), 
- a1 Ill Ul 

14.71 
TT 

rAe 

(~ i e j a e2 ' - (1 i 
.,1._ • - - ----- ( ct> ------<1>) A . , ---- ct> ct> A A . 

I nt - a(} a 1 - a I 
TT ai T T 

14.81 

AnR cni-1HOpHoro nonR M~ nocTynaeM aHanori-14HO. 8MecTo 13.51 
Mbl Tenepb 1-lMeeM: 

c~ i l - "( ) ( a . A- a i 
.,1._ ~ --..=--- if1 yr y r ai ------ -t Je )rjJ -

2rr ll aoai 14.91 
a - a i - ll - Q (,) 

- (------ -ieA )r./Jy (y r) . if,I-Mwr./1 = .i (rjJ) ' .i. (A . ,rjJ ), aoai ll Ul 0 Jilt a! 

rAe 

1.) e - 11 - ui 
.,1._ . t (A . ,·1·) = - --- ·'·y (y r) . if,A . 

Ill Ul 'I' TT 'I' ll al 
14.101 

H3 3aKoHa npeo6pa3oBaHI-1R 14.31 cneAy e T, 4TO cni-1HOp~ 

-ai,f:3j a -{3 j a -ai 
, F = ----- A - -A 

aoai ao(3j 14.111 
a a 

Fa i,f3i = aff~-;-- A{Ji --ai73TAai 
TaK>Ke 1-1HBap!-1aHTH~, 1-1 n03TOMy M~ MO>KeM np1-16aBI-1Tb K 14.71 1-1 
14.91 C11eAY~~I-1i1 Ka11!-16pOB04HO-I-1HBap!-1aHTHbli1 4JleH, COOTBeTCTBy~
~l-1i1 cao6oAHOMy narpaH>K!-laHy AJ1R nonR Aai : 

f (A ) = a F Fai,{3j 
0 ai ai,{3j ' 

14. 121 

10 

• 

rAe K03¢¢1-1'-II-1eHT a AOJl>KeH 6b!Tb Bb!6paH I-1CXOAR 1-13 COOTBeTCTBI-1R 
Me>KAY cn!-lHOpHbiM noneM Aai 1-1 o6bt4HbiM aeKTOPHbiM 311eKTpoMarHI-1TH~M 

non eM A 1-' ( x) cneAY~~I-1M o6pa30M. 
np!-1MeHRR <IJOPMY11bl 13.91 1-1 13.101 K narpaH>KI-1aHy CI-1CTeMbl 

3apR>KeHHoro cKanRpHoro nonR I 4. 7 I, Mbl nony4aeM cneAy~ee 
Bblpa>KeH!-le A11R 311eKTpoMarHI-1THOrO TOKa: 

e 1 . +a 2 + T 
J . =---- llect> ----.,.--<1> - 2e ct> ct>A . I,J . = 0. 
a 1 rr ae a 1 a 1 a 1 

8 cny4ae ¢ (r, (} ) ~ ¢Ciy O) 
ll 

¢opMyna 13.131 

J = -iect>+a "' 2 2 + ry 11 A 
ll 11 "' t- e ct> ct> ---=-

rr 

14.131 

AaeT 

14.141 

0TC~Aa Mbl nony4aeM CJleAY~~y~ CBR3b Me>KAY cni-1HOPHbiM 311eKTpo
MarHI-1THbiM noneM Aai 1-1 o6bt4HbiM BeKTOPHbiM 311eKTpoMarHI-1THbiM 
non eM: 

A (x) = -}-- ry A(r, O). 
ll TT ll 

14.151 

HcnOJ1b3yR CBOi1CTBO ry y T = g rr, 
ll V !LV 

<IJOpMyny, o6paTHY~ 14.151: 
Mbl MO>KeM Han1-1caTb 

A . (r, e) = (y T) . A 11 (X). 
a1 ll a1 

/4.15 11 

PaccMOTPI-1M Tenepb CI-1CTeMy cni-1HOpHoro nonR rjJ 1-1 311eKTpo-
MarHI-1THoro nonR Aai c narpaH>K!-laHoM 

f = fo (1{1) + fo (Aai ) + fillt (Aai, 1{1). 14.161 

YpaaHeH!-le ABI-1>KeHI-1R 13.21 AaeT: 

2-ai 
- 4a-~-A e -ae au-=-..=-- rjJ y11

r./J (ry )ai 
TT ll 

YMHO>KaR o6e 4aCTI-1 14.17/ Ha rr(yvr)ai 
14.151, a TaK>Ke caoi1cTao 

a2F(x) _ -
-------- = rr o F(x) x = ry (}, ae ae · 11 11 

14.171 

Y41-1TbtBaR 

Mbl BI-1AI-1M, 4TO B BeKTOPHOM npOCTpaHCTBe X~ 3TO npi-1BOAI-1T K 

-4a('fr)
2
oA

11 
{x) = efy

11
¢ • 14.181 
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no3TOMy cneAyeT s~6paTb 

1 
a 

4(;:-r) 2 

§5. KOH~OPMH~E nPE06PA30BAHHH 

PacCMOTp~M Tenepb npeACTaBneH~e KOH~OPMHOA anre6pw B cn~-
HOPHOM npOCTpaHCTBe (r, 0). 3Ta anre6pa BKnl04aeT, KpOMe 
reHepaTOPOB nyaHKape MILl/ ~ p p. ' reHepaTOP~ MacwTa6Horo 
npeo6pa3osaH~R D ~ cne~~anbHO-KOH~opMHoro npeo6pa3oBaH~R 
K , YAOBneTBOpRIOU1~e KOMMyTa~~OHHbiM COOTHOWeH~RM 114,15/, 

ll 

[M ,D) = 0, 
•p.v 

I M 1'-'' • K p l i (gl/lfl - g 11P K II ) • 

lp D] - -i P ll • p. • 

(P , K l - - 2i (g D -+ M ) , 
/L II /LII /LV 

ID K ] = - i K • p. 11 

lK K ] = 0. 
11 ' II 

15.11 

15.21 

15.31 

/5.41 

/5.51 

15.6/ 

3T~ COOTHOWeH~R MOryT 6b1Tb YAOBneTBOpeHbl cneAYI0111~M~ Bbl
pa)f(eH~RM~ AnR D 11 K !L 

D 
. a 

- _1_(0 . --- --- -+ 

2 ar aeai 
--~--- ), 

Tai ar aoi 
/5.71 

-< ) a .-K ~ - i r r r o . - ----- -+ 21 r r. e r 
11 /L Ul a /L ar 

rai 

a 15.81 
arai 

~ s~pa)f(eHI1RMI1 12.5/ 11 12.6/ AnR P!L ~ M 11 11 • Bblpa)f(eH~e 15. 7 I 
AnR D COOTBeTCTByeT MaCwTa6HoA pa3MepHOCTI1 112 AnR e ~ T ' 

a ~MeHHO: 

e ia D e = eal 2 e , e ia D T = e a! 2 T • 15.91 
KaK ~3secTHO nG / , np11 113y4eH~I1 KOH~opMHoA 11HBapl1aHT

HOCTI1 oKa3wsaeTCR ropa3AO YA06Hee 11cnonb3oBaTb IA~CKpeTH~AI 
onepaTop KOOPA~HaTHOA 11Hsepc~11 R , 4eM caM onepaTop cne~l1anb
Ho-KOH~opMHoro npeo6pa3oBaH~R KP. • B cni1HOPHOM npocTpaH
CTBe (O, r) onpeAen~M R cneAYI0111~M o6pa3oM: 

12 

Reai 
T . 

. ar 
= 1------ ' 

rr 
Rr ai 

e . 
. ar = 1 ----- . 

Oe 

C y4eToM ycnos~R 12.11 ~3 15.101 cneAyeT: 

Reai _ . rai 
- 1-- ---- , 

TT 

R- ai . 0 ai 
T = 1-----

{fe 

CpaBHI1BaR 15.101 ~ 15.111, M~ OTMe4aeM, 4TO 

(Re . ) * =-RO * ai (Rr . ) *= -Rr* ai • 
a 1 ' at 

15.101 

15.111 

15.12/ 

H3 onpeAeneH~R 15.101, 15.111 ~ 
15. 7 I, ·15. 81 Ann reHepaTopos P

11
, 

nposepK~ MO)f(HO YCTaHOBI1Tb, 4TO: 

113 B~pa)f(eH~A 12.51,12.61, 
Mll11 , D , K ll nyTeM npRMoA 

R2 = 1. 

RM R = M 
Jlll Jlll 

RPP. R = K 11 

RDR = -D. 

15.131 

15.141 

15. 151 

15.161 

B 4aCTHOCT~, C nOMOU1biO COOTHOWeHI1H 15.131 11 15.151 M~ MO
)f(eM nerKo HaATI1 3aKoH cne~l1anbHO-KOH~OPMHoro npeo6pa3oBaH~R 
AnR e ~ r 113 ~X 3aKOHa TpaHCnR~~I1 12.101 11 3aKoHa R-npe
o6pa30BaH~R 15.101. B pe3ynbTaTe ~MeeM: 

e icK 0 = 0, 15.171 

T + TT ce 
e icK r = ------------- - - ----

1 + 27 ~ T + c 2iJ e T r 
15.181 

04eB~AHO, 4TO ypaBHeH~e 15.171 TaK)f(e cneAYeT npRMO 113 
B~Aa 15.81 AnR K 11 • 

AnR BeKTopa npocTpaHcTsa-speMeH~ x
11 

, s~pa)f(a10111erocR 4e-
pe3 611n~HeHHYIO KOM6~Ha~~IO 0 ~ r , cor naCHO ~OpMyne 12. 121 
M~ He MO)f(eM, soo6111e rosopR, nony4~Tb ~3 15.101, 15.111, 
12.101 ~ 15.151 o6~4Hyl0 ~opMyny npeo6pa3oBaH~R . 

R XJ1 
Xp. 

x2 15.191 
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/5.20/ 

np~-1 !1106biX 3Ha4eHHI'IX 8 1-1 T • 0AHaKO eC!ll-1 Mbl orpaHH4HBaeMC1'1 
3Ha4eHHI'IMI-1 8 1-1 T Ha MHOroo6pa3HH, onpeAe!lfleMOM ypaBHeHHeM 

/5.21/ 

TO cpa3y HMeeM /5.19/ 1-1 /5.20/. 0TMeTHM, 4TO paCCMaTpHBaeMOe 
MHOroo6pa3He KOH$OpMHO-HHBapHaHTHOe, a HMeHHO, ypaBHeHHe 
/5.21/ HHBapHaHTHO OTHOCHTe!lbHO npeo6pa30BaHH~ /2.10/, 
/2.11/, /5.9/, /5.17/, /5.18/. 

B saK!1104eHHe aBTOP BblpamaeT rny6oKyiO npH3HaTe!lbHOCTb 
npo$eccopaM B.A.Me~epHKOBy 1-1 A.H.Taaxe!1HA3e sa HHTepec K pa-
6oTe. 
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