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nay11anacb KBIIHTOB&H TeopnSI nonsi, B KOTOpol! BMeCTO o6hl'!IlOro .' 

p -npocTpaHCTBa BBOJlllllOCb npocTpaHCTB0 IlOCTOHHHOl! KpHBH311hl, Ilpn, BhI'!HCneHHH MaTpH'!-, 

HhlX aneMeHTOB s -MaTpnnbl B 8T0l'i Teopnn B0311HKaeT psm cnenmj,H'!eCKHX 6co6eHHOCTE!ll, 

CBSI3&11Hb!X C reoMeTpn'leCKHMH CBOl'iCTB&Mll P '-npocTpaHCTBa Il0CTOSIHHOl! KpHBH3llhl, B 'l&C'l"

l!OCTH, nponenypa nepeHopMHpOBKH 3JleCb H3MeHSieTCSI KopeHHhlM o6pa30M, "80-~ep)!lhlX1 B3-311 

"; 'K0He'IHOCTH 061,eMa p -npocTpaHCTBa BCe HHTerpanbl 0Ka3b!DaIOTClI CXOJlSIIIlllMHCH, IloaTOMY 

nepenopMHp0BKH K0He'llihI, Bo-BTop1,1x; nepenopMUpOBKH He CB0ASITCSI K npOCTOMY 'yMHOJKe,Huro, 

3aTpaBO'IHblX BeJUl'IHH na II0CTOHHHhle MHOlKHTenu, KaK B 06hl'll!Ol'i' Teopuu 'nonn, a lIDllSIIOTCH 

, cnoJKHOl'i nponenypoll, CBSI3&1IHOl! C peweHHeM HeKOTOphIX, HHTerpanbHhIX ypaB11e1ml!, '!TO npu

B0JlHT B KOHe'llIOM C'!eTe K p113Ma3Ke Ma CCU, ( 0 KOIICT&HTe B3,IUIMO)lel!CTB~H II0Ka Hellb3SI 

BhlCKa3aTb aHanorH'IHOe YTBepJKnenne), 

B HaCTOSIIIlel! aaMeTxe Mb! paccMOTPHM nepeHopMnpOBKY Macchi MesoHa B nceBno

'cKansipHol! Me9oHnol! TeOpHH H IIOKaJKeM, '!TO H3-3a' T&K 'Ha3bIBaeMoro 8q><p8KTa 'nennaroHBJIL

HOCTH' Macca Me3olla 'pa3M&3hlB&8TClI', 

OnepaTop ·nel!CTBHH,' ncennocKansipHoll Me30HHOll Teopl!H ecTeCTBeHH0 o6o6maeTCSI 

Ha cny'lal! - p -npoCTpaHCTBa II0CTOlIHH0l! Kp11BH3Hhl cnenyromnM o6pa30M 

( 1 ,1) 

SIBneHne 'HennaroHanbIIOCTH' CBSI3&HO co CBOl!CTB&MH MaTpll'!II0l'O aneMeHTa onepa'l'OPA 
A /1/ 

cnBnra <p Id (k) I q> (cM, ) • CTporo roBopsi, SIBneHnll 'HennaroHanbnocTn' nna, OnHo 

ll3 HHX SIBnSieTCSI npsrMhiM cnenCTBHeM HeKOMMyTaTHBHOC'l'll CJlBHl'0B p -npocTpaHCTBa, 

M1,1 aannMaTbCH BM anecb He 6yneM, IlpnaeneM nnWL nnsr, cpaBHelIHSI c 061,111Holl Teopnell 

M&TpH'!Hblll aneMeHT onepaT0pOB cnnnra, B03HHKarori:tnll B cnyqae BepWHHhl 

p 
e 

Pnc, 1, 
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On nMeeT BHJI .. .. .. 
< P I d ( f ) d ( f 1> d O 

1 
( f ) I q (> 

0 0 0 (1.2) 

IlocKOm.Ky C)lBHrH He KOMMYTHpy10T, Mbl ne MOJKeM d O (f ) IIOM8HSlTb M8C'l!8MH C d O (f I) 
•I 

11 COKpaTIITb C d O (f ) • BcnenCTBll8 9TOro no.nyqaeTCB CnOJKH8B 38BIICHMOCTb OT BllpTyaru.-

noro IIMnyn&ca f , ltOTOpaB ne II03BQ,IIB8T CHSITb BCe 11BT8rpllpOB8llHB H Il0ny"lHTb, xax 

B OOblqBoil Te0p11H1 8 -!pyBKlllllO, 38BHCmIIYIO TO.n&XO OT BB811Il1HX IIMI!Y.n&COB. MaTp:aqBbtl! 

sneM8BT (1,2) B OOblqflOit TeopBII paBeB 8 -ipyHltnllll 

" " A •I 
<p ld

0
(f )d

0
(f

1
)d

0
(f) I q>=8(p - f 1 -q ). (1.3) 

PaCCMOTPHM Teuepb 'ne,1111aroBa.n&BOCTb' BTOporo Tllua. Ilocxom.xy xoopnllnaTbl upo

CTpaBCTB8 llOCTOSIHBOil 1tp11Bl13Bbl MOryT OblTb nOCTp08Bbl Ilpll nOMODlB upoeKTBpOBaBIISI B3 

nBT11Mepnoro upocTpaBCTWI c11eny10mnM oopaaoM 

~ 2 2 , 2 
p = __ a_ (a= 1,2,3,4), npnqeM 5' + •••. +5'

4 
+ 5' = 1, (1.4) 

a !J1
0 

1 o 

TO nerKO BCe «pOpMY IIbl 38llBCSTb B llBTHMepBOM Bll.118, B qaCTBOCTH, nonyqaeM cne,11y10mee 

BblpSlK0Bll0 )llIB C)lBHra 

Q = D
0 

( f ) !J' = !J' -2f ( !J'f ) - 2A (A !J') +4A (A f ){!J'f). (1.5) 

PaccMaTpllBSSI STO BblpSlK8Bll8 xax ypaBneBHe OTBOCIITellbBO 

pemeHRSI 

f , 11Meeu .IIB4 paanuqBblX 

f PQ= 

i!' . 
PQ, 

!J'- Q +2A (AQ) 

y 2( 1-( ~ f+ 2(A75°( AQ)) 

!J'+Q -2A(AQ) 

y2(1+(5'Q)- 2(A S5(AQ)) 

(I.Ba) 

( 1 .65) 

.. 
0Tc10na cnenyeT, '"ITO )llISI IIIOOblX !J' ll Q cymeCTBylOT .11aa C,IIBHrS D ( f<I) ) o,. JQ 

II Do' ( t;Q )- . uepeBO)lmIIIIX !J' ·a Q 
. x) 

paaonnaeTCB B CYMMY JlBYX qneBOB 

•. Il osToMY Ma Tpllqflblii sneMeBT < q I d 
O 

( O I p •> 

< q I d ( f ) l'p ·>=I 8 ( f, f 
0 > + a < f, f' ) I • 

pq pq (1.7) 

BTopoli qnen B «pOPMYne (1.5) _11 o5ycnaarurnae1' s«p«peKT 'neJtHarona.n&nocTz". 

2. IlcinSIJ)ll3SllllOBBblil onepaTop 

Xopomeli 11nn10CTpan11eit K Clt838BBOMY BBnSI8TCB nongp11381lllOUBhlA onepaTop. Kax 
/2/ 

yii:aaano a paoOTe , nongp11aaI1110BBhlil onepaTop BO aTopoM, nopsmxe nceBnocKangpBoA 

M030JJ.HBaMux11, coOTB8TCTBy101I111li n11arpaMMe (p11c. 2) 
~ " . " 

, x) Mbt IIllmeM,.B 06.utanxax !o(f) BM8CTO_ d <9 • TO eCTb cq11TaeM Bhl)l0II8BBOli 
CIIBBOpBy10 "lSCTb d • (f) onepaTopa C)lBllra ( CM/2 ) • 
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I . 

I , I 

l 
i 

• I 
, l 

l 
i 
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j 
. I 
ll 
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• .J ~' 

l 

x) 
HM08T BB'.n ! 

P11c, 2. 

Il ( f, t) = Tr I G
O 

,y 
5 

d (f) G
0 

,y 
5 

d (- t ) I , 
(2,1) 

:3nec& G O oooanaqaeT «pyBKillllO pacupocTpaneHBB «pep MIi OHS . KOTopax C nOMOII1blO IISITII-

Mepnoro BeKTopa-nponaraTopa 

Q 1 =(8 11 _-(1-m )A 1 A 1 ) !f
1 

/(!J'A)si,j =1, ... ,5) 
(2.2) 

3SllllCbIB88TCSI cnenyromnM oop830M 

A • I 

G ,y 5= ( ,rl Q I ) •, 
0 . (2.3) 

(MaTpllllbl , r I BBeneHbl 10.A._ron&«paH)lOM JWSI llOCTpoen11S1 CDIIHOpOB B p -npocTp8BCTB8 

llOCTOSIHHOil KPIIBll3Hhl). YKalKeM 3)l8Cb aaonno ll Bll)l Clll!BOpBoA qacTII onepaTopa cnnura 

" I 
rne .f ~ f I r 

;s ( f) = ir 5 
, , 

(2.4) 

Bb1paJKen11e non 3BSKOM Tr MOJKB0 1 npeoopaaoaaT& cneny10m11M oopaaoM 

" " " " a r 5 o <f> a -r 5 0· 1 c-~ >It= 
0 0 

= I( r I Q JI [ ; ( f )( ,r I Q I ) . I ;- I ( f ) ] ; ( f ) ;. I ('~ ) I = (2.5) 

I •I 
={(r QI) 

;I , • l er Q 1 > o < t > n · 1 <'~ > , • 

3nec& qepe~ Q: oooauaqeu BOKTop-uponaraTop 

Q' = (8 -(1-m) A' A') !J''/(!J'A'), 
II II I I l 

_ (2.6) 

x) T CBMBOII r 0003BaqaeT 3)l8Cb llOIIBblit cnen onepaTopa, CTOSIII1ero B CK.OOKSX 
(CYMMBPOBSBBe no CllllBOpBbIM IIH)l8KCSM B IIBTerp11poaan11e no, p -upOCTpaBCTBy),, HnJKe 
cyMM11pOBSBll8 no CnllBOpBblM IIH)l8KC8M 0003BaqaeTCB qepea Sp • 

5 



\, 

r11e A' 'c11nneyTb18' aeKTop BaKyyMa A • (0, 0, 0, 0, 1) ) 

.. 
A' = D 0 (f ) A (2.7) 

TTonSIJ)D34llDOHHblA onepaTop npnanMaeT BUil 

D(f, t) =f d Op Sp 

A A J A A 

cr
1

Q 1>cr
1
Q,>o.cf>o:cr>1<plo er >o <j> IP>, 

7 0 0 Q2 Q. _2 (2.8) 
.. .. 

Bennqnaa MaTpn'laoro aneMeaTa < P I D 
0 
(f) o·: (j ) Ip 1> MOlKeT ObITh nony'lella ll3 .. 

.q>OPMYnl>l (1,7). no11cTaBnHS1 Ty/la BMeCTO q Bellll'!Day 0· 1 ('j, p , nMeeii 
0 

" "•1 
<plo <f>o (•j)lp>=o(f,t)+o(f,t'), 

0 0 · I 

'lepea t'/l 3/leCb 0O03HS'leHa B~nD'lDHa (f'g>Q~ U llpD Q = 0" 1(j)S' 
(f' ) 0 

Mepnoll aanncn oaa nMeeT cnenyIDmn!l: alln S' Q e 

. :r, = S' _j(S'•!f) 

Vl-(S'ij )2 

(2,9) 

x) '. B nRTn-

(2.10) 

Ha.cpopMynbt (2,3) cne11yeT, '!To ablpaJKeane 11nH nonS!Jlnaanuoaaoro onepaTopa (2,1) 

MOJKHO paaonTb Ha 11ae ,iac'Tn - nuarouanbayro D(f,t) n aennaroaanbayro .On (f,t) 

D ( f,t);;,, D ( 1', t) -+ D n (f, t ) , (2.il) 

TTpn ycTpeMneHHH pannyca KpHBH3Hbl P -npocTpaHCTBa K o8CKOH8'lHOCTH D(f, t) 

nepex'o11nT B nOnS!Jl~3aIUIOHHb!!l: onepaTop OObl'IHOA TeopHH, BenH'lHHa D(f,t) Ohlna Bbl'IHC_; 

neaa 10,A.rom,cpaanoM II n~HBOnHTCSI B paoOTe
131• B uaCTOSllll~A paooTe Mbl Bbl'lHCnHM 

11 nccnenyeM · He)lnaroaam,ayID_ 'laCTb · nom1puaanuouuoro onepaTopa D n {f,t) • BxonSllllHA 

B llO/lbIHTerpam,Hoe Bblp8lK8HDe (2.8) nmyp ·nerKo Bbl'lHCnHTb, ecnn y'leCTb COOTHomeHHSl 
. "- . 

aHTHKOMMYTSllHD MaTpHU r 

r i.r i + ri r i = 2 o ij (2.12) 

D COOTHOill8HDSl' \ 

(f,j) = ('.f: 1'.f)=O, (2.13) 

BbITeKalODlHe H3 BHna nenbTa-cpyHKllHll O <f,t') IlpeHeoperaH IIOBCIOny B 'lHCnnTene 

Benll'IIIHOA m no cpaBHeHH!O c 1, nonyqaeM 

x) 
Mb! B HameM nanolKeHHH llOnh3yeMCSI nnH BeKTOpOB DMfiYnhCOB TO 'leTblpeXMepHb!-

MII 0OO3Ha'l8HHllMn, TO npoeKTHBHblMH llRTIIMepHblMH, 3TO He rp03HT HHKaKHMll HeAOpaay
MeHHSIMH1 ecnn noMHllTb, '!TO BC:e Bbl'lDCneHHH MoryT ·obITb nponenaHbI nan ll.lITHM8.pHbIMH 
BeKTopaMn, nocne 'lero nano coaepmnTi. nepexo11 K 'l8Tb1peXMepRbIM Benn'lnHaM no cpopMY-

. ne . ( 1,4) •· noc'KOnhKY llHTerpnpoBaHHe no BHpTyam,HbIM HMllynhCaM 'l8TbipexMepaoe, TO 
a -q>yHKIIHH · ooH3aTenhHO 11onJKHbl aaanceTh TOnbKO oT 'l8Tb1peXMepnbIX BeKTopoB, 
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l l 
1: 

,I, 

Sp Q Q' f 5 
Q2 Q'2 

= S · [(S'f) 2 (Af ) 2-(S' 1j) 2(A1!f)l:l(Aj)(A .f) 

[1 -(l-m2)(S'f)(Af)+(S'1!f)(A•!f) )2] . . 

[-::-(!Pf) 2 + (S,1j ) 2+ (!Pf'> 2, A .f )2-(M) 2(A5) 2] 

[ 1-( 1- m2) (( S'f )( Af )-( 5'1'.f )(A1'.f)) 2] 

(2.14) 

nng OKOH'laTenhHOrO Bbl'lDCneHHSI HeAHarOHanhl!OA 'laCTII OCTaeTCH BbISICHDTh, KaK 

11e8CTBY0T o_ -cpyHKAHSI o(f,t') •. <l>yHKllDSI o(p,q) npn DHTerpnpoaaunn no annnnTH-

'l8CKOMY npocTpaHCTBY 'nellCTByeT, KaK o,ohI'lHO, no cpopMyne 

fo (p, q) f(p) dflp .= f(q). (2.15) 

, 
nnsi BbISICH8HD~ MexaHD3M.a _neACTBHSl o(f,t') Y/lOOHO nepellTH B TSKY!O CDCTeMY Koop-

nHHST B annnnTD'leCKOM npocTpaHCTBe, B KOTOpbIX o(f, t') pacnanaeTCH B nponai:ieneHHe 

. 'leTb!pex O/lHOM8J)HblX 11em,Ta-cpynKnnA, TOnhXO 'laCTh 113 KOTOpbIX' 38BDCDT OT 'p • 0Ka3b!Ba.:.. 

eTCH, 'lTO TaKDM CBOACTBOM oonanaeT HE!KOTOpaH· nonHpHaH CHCTeMa, TTpelK/l8 'leM. HCKaTb 

9Ty CHCTeMy '1I8p8Ml3HHbIX I 3aMe;HM, 'lTO nOAhIHTerpam,Hoe BbtpalKeHH0 B q>OpMYne (2.8). 

KaK cne11yeT 113 (2,14), O6na11aeT CB08CTBOM np08KTHBH08 DHBapnaHTHOCTH OTHOCHTenhHO 

~8KTOpa. S' 1 TO eCTb He MeHSleTCH npn nepexo11e OT BeKTOpa S' k -S' , na_9TOMY B 

0 (f,t) Mbl MOlK8M nepeATn· OT HHTerpupoaaHHH no annHnTH'l8CKOMY npoc:TpaHCTBY K HHT~ n . . . 
rpupOBaHH!O no CcpepH'leCKOMY 1IpOCTpanCTBy, IlpD 9TOM DHTerpupoBaune oy11eT HHBapuaHTHO 

OTHOCDT8nhHO llRTHMepHbIX Bpamenull ·aeKTOpa f , 
CosepmnM T81I8pb Bpam:enne. npoeKTDBHOA IIHTHMepnoil ccpepbI TB.K, 'lTOObl .. 5-BeKTOp T 

nepemen B aeKTop c KoopnnHaTaMH I 0,0,0,0, 1 I II BBeneM nongpHMe KoopnHHaTbl ¢, 0, 11,p 
/1/ . ' 

(CM~ ), H3MeHH!ODlll8C5I B npenenax O~¢~2,r 0~0. 11,p.<5.rr • npH'leM p OTC'lH-

Tb!BaeTCHcOT aanpaBneHDH enHHD'!Horo 5-aeKTopa T ., a yrnhl 

nepneannKyngpHoA K T: , -· OT aanpaBneanH aeKTopa f. 
¢,0,'1 B nnoCKOCTll, ) 

PaCCMOTpllM T81I8pb npeo6pa3oBaune o -cpyHKnnn npn nepexone a nongpay!O · cncTe-

My KOOp/lHHST, HuTerpnpoaaune no c_cpepH'l8CKOMY p·-npoCTpaHCTBY 8CTb cpaKTH'l8CKH 
\ ' . 

H_HTerpnpoaaane no'· nnTnMepno:tt ccpepH'l~CKOil llOB!3pXHOCTH e11HHH'IHOro pa11nyca: noaTOMY 

Mb! MOlK8M HanncaTb: 

f f(p > o < p,4> dOp 

=f f(p,·11,0,¢) A(p,11,0,¢)oCp-p) 8(11-11)0(0-0 )o (¢ -¢ )x 
. . "' -q 'I g 

x sin 3p sin 211 11in 0 dp d11 d0 def, 

=f(pQ ,1IQ, 0Q ,¢q) =f(q). 

,7 

' , 

i' 
i 
I 

(2.16) 



3neCb p" • II.,· 0 .,· cf,~- nomipllhle KOOJ)JlllH8Thl B8KTOpa q ' a qiymtlllUI A(p,11,0,¢) 

onpenen.11eTCll yCIIOB118M HOpMBpOBltlt )l81IhTa-qiyHKI!HII, 1ITOObl IIHTerpan OT )l81IhTa- qiyHKIIHII 

paBHl!IICSI 1, qiyHXnmo A cnenyeT nonolKIITb pan11oa 

A (p, 'l, 0, cf, ) = 
sin 3 p sin ~ sin0 

(2.17) 

Torna 

B(p, q} =B(p -p }B('l -'l }5{0-0 )5(¢-¢} A(p, 'l,0,¢). 
• q q q q .· 

{2.18) 

l111Tepecyrom11a 11ac aeKTop '.f' HM80T cnenyromne KOOPAllll8Tbl ~'.f ;= 'l p' ~'.f := 0 p 

3To nerxo ycMoTpeTb 113 pa3nolKeHnH P no •'.f <h. =¢ ;a-,I!e 38BIICHT OT B8KTOpa p '::J, p ·13, 

•'.f'=f , xOTopoe rronyqaeTCll 113 cooT.11011101111.11 (2.10) 

p=,'.f'(P1'.f')+''.f(P1'.f) 

IToaToMy B(f,t'} 3am,111eTcll a anne: ' 

5 (f, t'} = 5( PJ•-pf}H11p-'lf}5(0p-0f}B(¢p-¢f} 

sin
8

~'.f• sin 2 11p sin Op 
n,rn Toro, 'lTOObl npllll8Tb qiopMyne OKOH'l8T01lbHblH BRA, 38MOTHM, 'ITO 

·p =arcc~s(''.f1'.f)=11/2 '.f, 

IlOSTOMY cnp8BOJllIHBO COOTH0111811He 

B ( P5,, -pf}=, B(pf..:, 11/2) = 5 (cos·p f} = 5 ( f•'.f) 

M1;,1 HMeeM _ Tenep& 

' 

8(1+ ft) 

( Af )( A·'.f) 

5 ( f,t') 5('1P)B(0p}, 5(¢ijB (1+ ft) 
2 

sin 'l,
5

,sin0.5,(Af)(A''.f) 

II 

(2.19) 

(2.20) 

(2.21) 

{2.22) 

11nTerpnpOB8HHS! !IO 'l p. 0 '! H ¢ p CHHM8!0T.CSI 38 C'leT• AOllbT8-q,yHKHHll, OCT8Blllll~CSl 

n11Terp8n no ·p p MOlKHO Bhl'lHCIIHTb, 0KOH'l8T81IbHO AIIS! ,' Slllpa 
1
ae)lH8rOH81lbHOil 'l8CT_H nony-

'l80M cnenyromee Bhlp8lKe11ne: 

rne 

Ilpll'l8M 

Dn(f,,t}= 
2 

[:F(d_)-F{d+}lB(l+ft), 
e ( d + - d_) 

2 
:F ( d) = ( e 

1
- de 

2 
+ (1 + d ) e 

3
) T (d) - 2 d e a 

T(d) = 

BB8)l8Hbl 

d+= 

2(1-d) 

yl-2d 
fn v~-1 

~l-2d +1 
cnenyromne 06oaH8'le1111sr 

I 

2(1+d) 
+---=-

yl + 2 d 
fn v~+i 

,v'T+2if -1 

(v 2-µ 2>(-2 + f3 (µ hv 2)] :_.4µ vy f32(µ2+v2}-l 

2{3 ( µ 2 +. V 2 ) 2 

l 
(' 

(2.23) 

(2.24) 

, .... 

~ 

e = ( v 2 - µ 2} 
2 e = 4 ( v 2 - µ 2 } (v 2+ µ 2 - 1 ) ; 

1 2 

e 
3

;;, ·4 ( "'.. 2+ /L 2} ( v 2 + /L 2 _ 2 } e = f3 2 ( v 2 + /L 2 } 2 

µ=(A •'.f v=(Af) f3 ={1-m 2). 
)(2.25) 

38M8'18IDIO, BeKTOphl ~ u f HM8!0T qlll3U'l8CKHA CMhlCII IlllTHMepllblX HMilYIIhCOB 

'l8CTUH nulllh a cne11u81lbHoll cncTeMe 1toopnn118T, rne A= I 0,0,0,0, 1 I . IToaToMY a oxoa

'l8Tellb110M Bblp8lK8Hllll HYlKHO BOJlHyTbCSI B 3TY CHCTeMy KOOJl)lHll8T, 

3. Y'leT_P8Jlll8HHOHllhlX 110llp8BOK BToporo nopHAKa 

3118.11 Bhlp8lKe11ne nn.11 noll!!pH38HH01111oro onep8Topa ao aTopoM nopl!JlKe, Mbt MOlKeM 

Bbl'lUCIIHTb onep8Top fpHH8 M830118 B j: 2 -npnonnlKeHHH, cyMMHPYll cnenyromyro !18IlO'lKY 

JlH8rp8MM 

f'/'-/'\+~+~+··· 

Pnc, 3, 

Bhl'lHCIIeHHe CBOAHTCll, K8K OObl'lHO, K cyMMHpOB811HIO reoMeTpH'l8CKOil nporpeccnn. 

B pe3yllbT8Te )llIR onepaTop8 fp11118 IlOJIY'l80M Bhlp8lKe!IHO 

~ ~ 

G ( f, t ) =·( f 
2 + µ 2/4 + II 

-1 
} . (3.1) 

0TM8THM 3)l_ecb, 'ITO B OTIIH'lHe OT OOhl'lHOil TeopnH, nepenopMBpOBK8 M8CCb_' B TeopnH 

HOIIll B p -npOCTp8HCTB8 IlO~TOSlllHOil KpHBH3Hbl H8 "eCTb IlpOCTO C~I:lHr M8CChl 38 C'l~-T 

.. oopacTaHHll. - BHpTy81IbHblMU nap8MII, 3<j,q,eKT nepe11opM11p0BKII 3H8'lllT81IbHO ycnolKHlleTCll 

113-38 HennaronanbHOCTII IlOII!!pll38HIIOHHOrO onepaTOp8, 

nn.11 11ccnenoaa1111.11.sToro aqiq,eKT8 '11enoK81IbHoil' nepe11opMnponxn acnoMHHM ypan11e1111e 
• . . - J 

KnellH8-fOpJl0118, onepaTop KOToporo B p -llPOCTJl8HCTB8_ ecTb, K8K H3B8CT!{O, npOCTO p~ 

IISITHBHCTCK8ll CBSl3b Me>K)ly KB8Jlp8TOM saeprllH IIMl!YllbC8 II M8CCOff II MOJK8T p8CCM8TJlll

B8TbCSI K8K onpen~miime M8CChl, PemeHlle 8Toro ypaBH8Hllll 

/ 
{ p 2 + m ~ ¢ {p) = 0 _ (3.2) 

8JlllHCTB8HHO H Bb!Jl8lK88T COOOff pellllTHBHCTCKYIO CBSl3b HMnyllbC8 II M8CCbl 

¢= {p) = 5 ( p 2+ m 2) ¢ { p➔ } • . (3.3)' 

9 



3aMeqaHHe.·KaK II3B8CTIIO, nepexo)l OT esKnHAOBCKoro K nceB)lOeBKnH)lOBCKOMY {¢11311qe 

·cxoMY) ·xsa)lpaTf. 4-seKTopa cosepruaeTClI c noMombro 3aMeHhl p 2 ,➔-p2 • Bee peai.u,nhle 

CBJI31I M8JK)ly Ben11que:aM1I )lonlKBbl n11caTbClI 11nlI nces11oeBKnH)lOBblX BeKTOpOB •. 0)lBaKO 

e:aM"y1106e:o MblcnHTb 110 CaMoro nocne)lHero MOM8BTa B eBKJUI/IOBOl! ¢opMe H nHlllb B OKOH-· 

qa-rem.BblX BblpalKeHIISIX nepeXO)ll!'rb K HC8B/10eBKnn110BblM B8KTOpaM. YA06CTBO TaKoro cno

co6a BblTeKaeT l!3 8BKnH)l0BOll ¢OPMYnHJJOBKH Teop!IH nonlI. 

B CBlI3 H C STIIM OTM8TIIM, qTo oco6eHBOCTb peruee:nlI ypasHeHmt neJKHT KaK pa3 

B o6nacTn o-rpnnaTem.e:hlx p 2 ( p 2 = - m 2 ) • 

B cnyqae_ -reopuu nonlI B . P -npoc-rpae:cTse noc:ToSIHe:oll KPIIBH3Hhl B xaqecTae Macchl · 

Me3oe:a, nepee:opMHpOBalIHOil B g2-np116n11JKemi:11, cneAyeT paccMaTpnsaTb senuque:y 

'. /l 2 2 " . 
...:;_i_ = L + n • (3.4) 

4 . .4 

xo-ropa11 smnneTClI IIHTerpam.HhlM onepaTopoM.··0606menaoe TAXHM o5paaoM ypaaneH1Ie (3.2) 

OnHChlnaeT sljl¢eKT pa3MS3KH MaCCbl M830Ha. BBOAlI 0603naqee:Irn, CMblCII KOTOpblX lICl:m , 

na llliJKecneAYJOmero BhlpaJKeHHlI 

-U ( f,t)=D (f,t) +D (f,t)·=g2'i' ( fll)B( f,t) +g2<ll(f 2,t 2)5(1+ ft),(3.5) 
D 

Mbl MOlK8M 3/!nHCl!Th Hame ypamrenne B •BIi/ie 

2 ,,.2 
( f + 4+g2'l' (f 2)) ¢(f) + g 2J dfltB (1+ f:'t)II>.( f2,t 11) ¢(t)=0. (3.8) 

4. HccneAOBaHne HHTef~S_ru.noro ypaaHeHHlI 

YpasHeHHe {3.8) BOCbMa CIIO}KHO. Il03TOMY Anll nonyqeRHSl np0AB8pliIT81IbHblX CDe)le

. Bnll O ¢ye:xruui' ¢(f) paCCMOTplIM 1!8KOTOpyro MOAellb, BH8ClI PSlll ynpomeBHH B ypase:e

HHG! (3.8). 

ByAeM cqnTaTb, qTO n.CKOM85! ¢yBKlllllI ¢, 3SBIICIIT TOnbKO.OT KB8)lp8Ta B8KT0pa 

HM1%ym.ca <p ~¢(l 2) • Ilpe)lnonoJKHM ;aicJKe·, ,qTO 3$<peKT AIISrOBSllblIOil ·~acTH 'P(f 2). CBe-

,)leTClI :K 06blqnol! ll)l)llITIIBBOll nepenopMIIP_0BK8 MSCCbl. {HanOMHHM, qTo B. paCCM8'1'pHBae

MOll Teopim ace nepenopM11pOB:KII Koneqnu). Hoayro Macey Meaoe:a 6yAEiM o6oae:aqaTb TeM 

lK0 CJIMBOIIOM p. - • nocx~xy <11(£ ?t 2):..· M.eitnenno M8HlIIOmalICSl ¢ymtn11lI, Ilp8)lDOnO~M, 

qTo :KapTHxa xaqecTBemm H8 II3M8H.!!8TCH, eCJIII Mbl 3SM8HHM ee IlOCTOSIHHOll. 

BaeneM Tenepb c:j,epuqec:z:yro c11cTeMy KOOplllIHaT t, 7/, 8, ¢ c nongpaoll OCbro, aa-

IlpSBII8HBOJ! B)lOnb B0KTOpa f H DOIIsJPHbIM yrnoM 1/ · .• 3neM8HT o6'LeMa 6y)l0T IIM8Tb 

BH)l 

dO t = ½ 
2 

t
2
sin

2
11 sin8 d11 d8 d¢ _dt 

(l+t2)6/2 

10 

{4.1) 

., 

" 

--. ·11 
! 

Jiem.Ta-<jlynKIU'llI B(lt ft) MOlK8T. 6hITb IICUOIIb30Ba.na )lnn cnl!THSl 11nTerp11pOBSHHSJ 

• no 1/ • HM8HHO, IIHTerpan no 1/ ' BXOA!lllll!ll B (3.8) MOlKHO aan11CaTb B DII)l0,, 

TT 

f 5 \ l+ft) sin
2

11 d7J 
0 

x V 1 - cos 2 11 d cos 7/ 

•1 

8( t 
2
- 1/f 1 J 5 ( cos 8 + 

v~ 
8 ( t 2_ 1/ f 2) [·, 1 - __ l _ 

V f 2t 2 
vf 2 t 2 

1 

,[f"Tt'I 
)x 

{ 4.2) 

YnpOCTl!M BblpaJKeime ,J 1 - -.-!--. Ha-aa nannqnst MnOlKHTenlI 8 ( t 2-1·/f 3Ta <jlynx-
L 2 t 2 • 

lll!H nnTepecyeT nae TOIIbKO B DpOMelKyTK8 OT 1 /f 2 AO ~ ~ B Toqxe 1/f 2 Dp01!3BO)lHSH 

ee panna 6ecirnaeqnocTn, a caMa oaa o6pamaeTcn n nyru., npn 6ollbrunx t 
2 

oua )lOBOIIbllO 

6hlCTpo CTp8Ml!TCSl K 1, fi03TOMY Mbl MOJK8M C)lenaTb aaueey 

,J 1 - 1/ f 2 t 2 ➔ 8 ( t 2
·- 1/ l 2 

) • (4.3) 

nocne scex sTnx ynpomeaull MhI nony'lnM name ypaaueBHe s sn)le 
~ ¢(t)yt , 2 

_c_ f dt = ( _f_ + s ) ¢ ( s ) • (4.4) 
VS 1/B (1 + t) G/2 4 

311ecb ase11enhl cnenyromne 06oana11ennn 

4rrg
2<ll ( f 2 , t 2

) = con st = c, f; s. t2= ~ • (4.5) 

IToJiyqenHoe nnTerpanbaoe ypaanenne" MOJKHO caecTn K J:1li<p<pepennuanbHOMY• BseJ:1eM. 

11nn 3TOro <jlynKUl!IO 

F(s) = J 
¢(t)vt 

. ( 1 + t) G/2 
dt, (4.6) 

Tor11a 

¢ ( s ) =-
(l+s)6/2 dF 

vs d s (4.7) · 

naTerpanbnoe ypasnenne (4.4) npnMeT BH/1 

p. 2 G/2 dF 
( -- + s ) ( 1 + s ) ~ = c F ( 1/s ) • 

4 ds 
(4.8) 

I1pouaseJ:1eM a11ecb aaMeay 1-+ 1/s n noncTaBHM a no11y11nsmeecst BblpaJKenne anaqenne 

F(l/s) H3 (4:8). B pe3ym.TaTe 6yneM HM8Tb 

. ,,.2 1 . 6/2 d /L2 6/2 dF(s) 
(-+-)s(l+l/s) -((-+s)(l+s) ---)+ct(s)=O. , {49) 

4 s d s .4 . , d s ' 
2 

Hccne11yeM nose11enne ¢(s) s6nnan ToqKn ·s=-..!:.. , B KOTopoll •=accnqecKan• 
4 · 2 

giynKlll!SI rpnna nMena nonroc. B Bhl6pam10ll cncTeMe eJ:1HHHU cnpase)lnnBa oueHKa p. .a::< 1 • 
2 

ITo3TOMY DOIIl!31! ToqKH s = -~ ypasnenne { 4.8) Ilpl!Hl!M88T BRA 
2 • 4 

d F d·F 
--·-.-+_1 ___ · +:F(x) =0, (4.10) 

dx 2 x dx 

11 
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> 

rile ,Mb! BB8JIH llOBYIO nepeMennyro :l onpellenennyro na ¢opMYllbI 

0KOH'laTem.no 

2 2 
s+~ = :i: -

4 4(--~.-2 )\t-:i 
a6nnaH TO'IKH s--L nony'laeM 

4 
2 

'pacnpe1leneH11e' 

(4.11) 

I ¢ ( s j I = ½ c 
2 

µ 3 
( 4.12) 

I s + .JL~ I 
TaKHM o6paaoM, na "ynpomennoi! MOAenn' na'uiaa'lio, 'ITO nepenopMHpOBKa B paccMaTpuaae-, 

MOA Teopnn npHBOllHT K pa3M83Ke MaCcbl. nocxom.xy pac'leTbl HOCsn' oueHO'lHbIA xapaxTep 

neT CMhlcna noxa· roBopuTb o ¢n3aqecxux nocnellCTBUHX o6o6mennoA npouenypbI nepenop,-, 

MHpOBKH, _XOTH npe/lCTABllH8TCH aaMaH'lUBbIM CBH34Th p83M83bIB8~8 M8CCbl co Bp8M8H8M 

2KH3HH 'l8CTHUbI, 

B 38KlllO'l0HUe, npnnomy CBOIO 6naronapHOCTh IO.A. rom.¢aHllY aa HOCTOHHHOe BHUMa

nue · x pa6oTe n 3aMe'laHlln. 
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