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§1. B Be a e H rr e 

B nacToSimefi pa6oTe non cymecT:eenno nemmefiHhiMH rronSIMll rronpaay

Me:earoTCSI IIOnSI 1 ynoBn8TBOpSIIO!llli8 ypaBH8HHSIM 1 B KOTOpb!X 'ln8Hhl C Bh!ClllliMH 

rrpoH3BO!lHhiMH SIBnSIIOTCSI nenHnefiHhiMH. B pa6nTax EnoxHnuesa/1,2/ H CBHp

cKoro/3/ :errepBhie 6binO rroKaaano, 'ITO aTH rronSI o6nanaroT cnenyromHM oco-

6biM CBOHCTBOM: B HHX B03MO>KHO paciipOCTpanenHe CHrHanoB CO CKOpOCTbi01 

rrpeBb!IIIBIOIU8H CKOpOCTb CB8T8 B BaKyyMe, H8CMOTpSI HB T0 1 'ITO rroneBb!8 

ypaBH8HllSI penSITHBHCTCKll - HHBapHaHTHhi. l1naqe rOBOpSI 1 li3 penSITHBHCTCKOH 

llHBaprraHTHOCTll TeopHH IIOnSI He cnenyeT 1 'ITO CKOpOCTb CB8T8 B BaKyyMe 

s!BnSieTCSI MaKCHManbHO norrycTrrMofi. C npyrofi CTOpOHhi 1 ecnH crrpasennnBhi 

o6h!'1Hhl8 <jlopMynhi rrpeo6pa30B8Hll5I nopenua, TO cymeCTBOB8Hll8 "c:eepXCBe

TOI;lb;X" CHrnanOB1 T.e. cnrnanoB CO CKOpOCTbl0 1 rrpeBOCXO!lSIIll8H CKOpOCTb 

CBeTa B BaKyyMe, IlpliB8!l8T K BHyTp8HH8H IlpOTllBOp8'lllBOCTll .TeOpllll; IlpH 

rrepexone na onnofi cncTeMhi oTC'leTa K apyrofi xpononornqecKnfi nopSiaoK 

ncrrycKannSI rr npneMa cnrnana Mo>KeT MeRSITbCSI. 3Ta TpyanoCTb 1 onnaKo, 

ne 6yaeT :eoannKaTb 1 ecmr <jlopMynhi rrpeo6paao:eannSI rrpocTpancT:eenno-Bpe

MennhiX KOOp!lllHBT Ilpli IIepexone ll3 O!lHOH CHCT8Mbl OTC'l8T8 K npyrofi CO!lep

>KBT SIBHO H8IlpSI>K8HHOCTH rronefi B aannofi TO'IK8 rrpOCTp8HCTBa-BpeM8HH 

ll MeTpHKa 38BHCHT SIBHO OT rronefi 1 KBK 9TO 6btn0 OTM8'18HO BII8pBbi8 B pa-

6oTe Enoxrrnuesa/4/, a 3aTeM B pa6oTe :O.ao Bonr llhiK n ~BTopa/5/. 
B uacToSimefi pa6oTe,· SIBnSiromeficSI rrpononmeuneM rrpenhtnymen/5/, Mhi 

H3Y'IHM 6onee rronpo6no HcKpnsnenne npocTpancTBa-speMenn a cymecTsenno 

ncmunefiHhiX rronSix. PanH rrpoCTOThi 6yneM paccMaTpn:eaTb nHlllb. cny'lafi cKa-

' nSipnoro rronSI ell c rpanuenTnofi HnsapHanTnocTbi01 T.e. cny'lafi, Korna nar-

panmnan 38BHCHT SIBHO nHlllb OT IIpOH3BOaHhiX rronSI 
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' /4,5/ 
Ha ~ocHoBe peaynhTaToa, rronyqeJIHbiX a pa6oTax- __ · · , n rrpn rroMo!I{n HeK~~ 

·Top~Ix coo6pallieHnif cnMMeTpim Mbi BbiBe):leM· cncTeMy ypaaaeanif, rro3aonmo:

-'· !I{ll':C 'orrpe):lenHTb MeTpnKy B 38):18HHOM none,· ecnn ll3B9CTeH narpaH)Kll8H, Hay-

qnM.T8Kllie ~HGH'I9CKHe cne):ICTBHH HCKpHBneHHH llpOCTpaHCTBa-BpeMeHn.B cy~ _ 

!I{ecTaeaao HennHeifHbiX rromix. 06o6uiaH ·.rrony:<~eHHbie peaynbTBThi, ·a nocne-
. ' . · ... 

J:lyromeif pa6oTe Mbi 6y):leM paccMaTpnBaTb HacToHmyro HennHeifHyiO Teopnro . ' . 

J:lnH cymecTayromero rronH - Teopnro sneKTpoMai'HHTHoro rro·nH c HennHeif-

HbiM narpaH)Kll8HOM reifaeH6epra-3ifnepa/6/' Y'IllTb!B810!I{llM pacceHHlle <PoTOHa . -. . 
Ha ~OTOHe 38 C<JeT KBaHTOBb!X 8~~9KTOB p0lli):I9HllH ll 8HHlli'llnHUllll sneKTpOHHO

. II03HTpOHHbiX nap, 

KaK n B rrpeJ:IbiJ:Iymeif pa6oTe/5~ MeTpnKy MnHKOBCKoro · o6oaaa<JnM 'Iepea 

[LV 0 0 I' "0 O ~I - t ) 9. n 9- :9 =900 =1,9 .. 1 =9 .. : =--0 .. , 9' =9 = 0. DonolliHM x ="t;x=1x,y,z 
· [LV II 'I 10 . 

H1 CneJ:IOB-aTenbH0 1 . 'n = t 1 X i =-X I B cny'Iae llnOCKOI'O llpOCTp8HCTB8-Bpe·Me-

Hll, CKopo~Tb CBeTa B BaKyyMe C'IHTaeM 'paBHOll 1, 

§ 2. CncTeMa ypaBH.eHI!if mm onpeJ:IeneHnH 

MeTpnKn·· 

B Ka'IeCTBe rrpoCTOI'O rrpn:Mepa 6y):leM pacCM8TflllB8Tb CKanHpHoe rrone 
r:' 

C nai'p8H)Kll8HOM1 38BllCH!I{llM nlilllb OT 

<I> ~- a<I> .•• 
-fl· axfl 

- . /4;5/ ._. .•- .. 
_ MeTpnKy rrpocTpaHCTBa-apeMeHn, _BBeJ:IeHHyiO B pa6oTax , o6oaHa<JnM 

qepea c;~v .<n, Gp.v.: 

[LV fl 
G Gv.\ = 8 ,\. 

Do OIIp9JlElJieHHI01 · HHTepaan 

ds2=G cJ,;fl clx v ' 
[LV . ( 1) 

. ~- HBnHeTCH HHBapHaHTOM OTHOCHTenbHO ~ll3ll'I9CKHX .rrpeo6pa30B8Hllll CllCTeMbl. 
~ . l . . . . ' . . '. - . . - . . . .. f 

'KODpJ:IHHaT -_rrepeXOJ:IOB H3 OJ:IHHX CHCTeM OTC'I~Ta_ K llPYI'llM, J1a'rrpHHUIIIIa 

H8IIMeHblll9I'O Jl9HCTBHH 
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8 s =0, 
4-

S=fclxy- G~. G = clet(Gilv ) 

cneJlyeT, 'ITO none ~ YJlOBneTBOpBeT ypaBHeHHID 

T.e. 

a 
axfl [ 

a(...[:-G!f. J ]= o, 
a <I> 

IL 

2 -a lv' -G !f. J a 2 <I> 
----.-·=0, 

a<I> a<I> axfl axv 
IL v 

(J 

rrpn'IeM narpaHlliHaH £ aaancnT HBHO nnlllb DT naaapnaHTa 

K=l.GfLV~<I>. 
2 fL v 

HanniiieM Tenepb cooTBeTcTByromee ypasaeane JlnB nosepx: 

BOnHbi: 
'I'= c:onst 

/7/ 
( noJlpo6Ho eM. pa6oTy Bnoxnauesa n Opnosa ) • M bi HM' 

a2(y'-:cif.J 

a~ll a~v 

a 'I! a 'I! = o. 
axiL axv 

C LIPYI'Oll CT0p0Hbl1 KOBapnaHTHOe ypaBH9HH9 J:lnH llOBepXHOCTH 

s rrpocTpaHcTBe-speMeHn c MeTpnKoli G fLV nMeeT BHJl 

GfLV ~ .£L=o. 
axiL axv 

CpaBHHBaH ( 5) n ( 6), Mbi nonyqn!.! cooTHOllleane 

2 -
a (y-Gf.) =AGfLV, 

a~ll a~v . 

5 



/4,5/. 
lX ·. 1 II npii IIOMO!Ilii H8K~':": 

IICTeMy ypaBHeHIIii, no3Bomuo_

m II3BecTeH narpaHlKIIaH. l13y-

npocTpaHcTJ3a:-BpeMeHII. B c.Y.-7·, 

mHbie pe3ynhTaTbi, B noclie-
' 

CTOHIIlYID H8lliiH8iiHyiD TeoplliD 

arHIITHoro nonH c _ H'eniiHeii

lHTbiBaJOUliiM paccemme <jloTona 

IIH II aHHIIriillHUIIII-Bll8KTpOHHO-

MHHKOBCKOro o603Ha'IIIM qepe3 

=' 0. Dono~IIM XO =· t ;i/ ;.(x,y,z) 

mocKoro npocTpaacTBa-Bpe·Me-

orrpeneneHIIH - ',' 

;-:' •:::'' 

.. ·· 
:· - . /4 5/ 

B paooTax ' , oooaHa'IIIM 

Jl) 

:Knx npe.o6paa_o8~imii CIICTeMbi 

<teTa. K npyriiM, Ma'-n~nHunna 

4 --
85=0, S=fclx..j- Gf, G = clet(Gp.v J 

cnenyeT, 'ITO none ~ ynoaneTaopseT ypaanennro 

T.e. 

_a_ [ a(y"'::Gf J 1= 0 
axP. a<~J I 

a2 [v:'Gf 1 

a<~J a<~J 
ll " 

ll 

a2 ~ 
-----=0, 

axil a~v 

llpi1'18M narpaHlKKSH f 38Bil:Cil:T HBHO llll:lllh OT ll:HBSpll:aHTS 

( 2) 

( 3) 

(4) 

HannweM Tenepb COOTB9TCTByromee ypaBH9HH9 JlllH noaepXHOCTH <jJpoHTB 

BOllHhi: 
IJI = const 

/7/ 
( nonpoono eM. paooTy Bnoxnnueaa n Opnoaa ) • M hi nMeeM 

=0. ( 5) 
axil ax"' 

C npyro!i CTOpOHhit KOBSpHSHTHOe ypaBH8Hil:9 .!lllH noaepXHOCTil: <jJpOHTS BOllHbi 

a npocTpaHcTae-apeMeHK c MeTpKKOA G p.v KMeeT BR.!l 

G p.v ..£.!_ _i!_ = 0 • 
axil ax" 

CpaBHil:BSH (5) H ( 6) t Mbi nony'lll:!'1 COOTHOW9Hil:9 

2 -a (..j-Gf} ::AGp.v, 

a~ll a~" 

5 
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rne )\ -- H9KOTopaSI HHBapHaHTHSSI cpyHKUHSI OT <I> p. · t T.e. cpyHKUHSI OT K • 

3To ypasaeane 6bmo nony'leHo · s· pa6oTe Enoxnauesa/4/. 

llpyroe ypasHeHHe anSI onpeaeneHHSI G p.v SIBnSieTCSI cneacTBHeM Tpe6o

BBHHSI, 'ITOObl ypaBHeHHe nonSI- ( 2) COBnano C o6meKOBapHaHTHblM ypaBHeHHeM 

pacnpocTpaHeHHSI BOnHhl B pHM8HOBOM npocTp8HCTBe-BpeMeHH 

1 d. - p.va 
--=::- -- [ v'- G G __!.._ ] 
v'-G axiL axv 

0. 

3To ycnoBHe npHBeaeT K cneayromeMy cooTaomeaHro: 

a (v':Gf> 

a<I>P. 
= v'- G Gp.v <ll I 

v 

( 8) 

( 9) 

KaK aTo obmo oTMe'leHo B pa6oTe/5/. 0Ka3biBaeTcSI, 'ITo ypaBHeHHSI ( 7) 

H (9) BMeCTe C H9KOTOpbiMH C000p8)K9HHSIMH CHMMeTpHH no3BOnSIIOT oaH03-

HB'IHO 
. Gp.v . ~ 

onpeaenHTb MeTpHKy B 38BHCHMOCTH OT HanpSI)K9HHOCTH no~SI ~p. 

llnSI TOro, 'ITOObl aoK838Tb 8TO yTB9p)Ka9HH9 1 38M9THM, npe)I(Jle BCe

ro, 'ITO H8fiHC8HHbi9 Bbllli9 ypaBH9HHSI oonaaaroT cneayromHMH CBOHCTB8MH 

CJIMM9TpHH: OHH HHB8pH8HTHbl OTHOCHTenbHO rpynnbi nHH9HHbiX npeo6paao

B8HHH KOOpaHH8T 

x p. -+ x-P. = a p. x p., 
JL, I 

ecnH Mbl Tpe6yeM, 'ITOObl B 8THX npeo6pa30B8HHSIX Mbl HMenH 

p.v -p.v u v p.v' 
G -+G =a,a ,G 1 

p. v 

npH'I9M noCTOSIHHbie KOacpcpHUH9HTbl ap., YllOBneTBOpSilOT ycnOBHSIM . p. 

v aP. 
p.' av, g p.v = ~'v' 

1L v 
a , a , 

1L v 
p. v' p.v 

g =g 

( 10) 

( 11) 

3aMeTHM1 'ITO 8TH npeo6pa30B8HHSI He SIBnSIIOTCSI cpH3H'I9CKHMH npeo6paao

B8HHSIMH npOCTp8HCTB9HHO-Bp9M9HHhlX KOOpaHH8T npH nepexoae H3 OllHOH 

CHCT9Mhl OTC'IeTa K apyroii:; HHBapHaHTHOCTb OTHOCHTenbHO 8THx·nHH9HHbiX 

6 

~ 

t' 

npeo6pa30B8HHH C noCTOSIHHbiMH KoscpcpHUH9HT8MH aP. .npeac'I 
- . . ~ 

'IHCTO cpopManhHOe csoii:cTBo CHMMeTpHH paccMaTpHBa?MbiX ypaB 

qaeTCSI OT cpH3H'IeCKOrO Tpe60B8HHSI HHBapHaHTHOCTH OTHOCHTenJ 
- . ~ - . '.; ·- ... ' - . . 

CHCTeMbl OTC'IeTa. 3To CBOHCTBO CHMMeTpHH npHBOaHT K TOMy 

G p.v HMeeT cneayromnii: o6umii: sua: 

Gp.v=a(H)gp.v·+f3(H)gpp.' g.w'~ ,<ll ,
1 ' . p. v 

rae 

J JLV 
H =yg <llp. <llv. 

HeTpyaao nposepHTb, 'ITO 

K =Hy(H) 1 

rae 

y(H)=a(H) +2HJ3(H). 

DoaqTaBnSISI Bbipa)KeHHe ( 12) B ypaBHeHHSI ( 7) H ( 9) 1 Mbl nony· 

HHSI 

cl(y':G"fJ = v=G y I 

JH 

_J_ 

y-Gy 

cl(y-G y) = _1_ ( l.._ _ J ). 
dH 2H a 

TaK KaK H3 B.biPa*eHHH ( 12) anSI MeTPHKH G p.v Mbi HMeeM 

- G = -Jet( G ) = ~ 1 
p.v ya 

TO COOTHOlli9HHSI ( 16) H ( 17), aeii:CTBHTenbH0 1 npeacTaBmiroT. 

ypaBHeHHH anSI onpeaeneHHSI asyx cpyHKUHH· a H y : 

J (/~a -3/22J :· ~ 
JH =Y. a 

-3/2. 
I 

'7 



<I> P. ·, T.e. !flyHKUlHI oT K • 

xm~uesa/4/. 

HBnHeTCH cneacTBH9M Tpe6o

)rueKOB8pH8HTHblM ypanaearreM 

:TBe:-BpeMeHH 

( 8) 

mmo: 

( 9) 

!B89TCH, 'ITO yp8BH9HRH (7) 

HMMeTpHH ll03BOnHIOT oaH03-

0T H8npmK9HHOCTH llOJ,IH <I.Jp. • 

!HHe, 38M9TRM, npe)KJ:le BCe

::>T cneaylOWRMR CBOfiCTB8MR - " ·:; . 

::>ynnbi nrraefiHbiX npeo6pa3o-

( 10) 

B8HRHX · Mbl RMenR 

,(II) 

~eTBOpH!OT ycnOBRHM 

CH !flrr3R'l9CKRMR ·npeo6pa3o

H8T nprr nepexoae R3 onaofi 

ITHOCHTenbHO 9TH X · nRHeliHblX 

, 
1. 

• 

npeo6p830B8HRfi C llOCTOHHHhlMR KO~RUR9HT8MR aP. npeacTaBnHeT co6olt v 
'IHCTO !flopManbH09 CBOil:CTBO CHMMeTpHR p8CCM8TpHB8~MblX ypaBHeHHlt H OTnH-

.'189TCH. OT lf!H3H'l9CKOrO Tpe60B8HHH HliB8pH8HTHOCTH OTHOCHTenbHO H3M9H9HHI!: 

CHCT9Mbl OTC'l9T8, 8TO CBOfiCTBO CHMMeTpHH npRBOaHT K TOMy, 'ITO MeTpHK8 

Gp.v 6 rrMeeT cneayromrrl!: o !I(HH nna: 

p.v ( Ill' I1P ' w ' G =a H)g +f3(H)g g. <ll ,<ll , 1 ' . p. v ( 12) 

rae 

( 13) 

HeTpyaao nponeprrTb, 'ITO 

( 14) 

rae 

y(H)=a(H) +2Hf3(H). ( 15) 

noaqTaBnHH Bb!p8)1{9HH9 ( 12) B ypaBH9HRH ( 7) H (9), Mbl nony'IHM COOTHOWe

HHH 

J(y.:.G~) --
_ _:_ __ = v- G r I 

tlH 
( 16) 

1 J6/-G y) = _1_ ( 2._ -1 ). 
y-Gy JH 2H a 

TaK KaK H3 BhiP8)1{9HHH ( 12) anH MeTprrKrr G p.v Mbi rrMeeM 

( 17) 

- G =-Jet( G ) = ~ 1 
p.v ya 

( 18) 

TO COOTHOlli9HHH ( 16) H ( 17) 1 aeltCTBHTenbH0 1 npeacTaBnHIOT co6olt CHCTeMy 

yp~BH9HHH anH onpeaeneHRH aByX !flyHKURi!: a R Y : 

J(y.:..'h a-3/2~) .· 'h -3/2 
-=Y a 

JH 
( 19) . 
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. ~ -3/2 ' . 
J(y a ) = _1_ ( L _ l). -

JH 2H a 
l 

(20) 
Y ~a -3/2 

Ha npaKTHKe Mbi HMeeM neno 11Hlllb co cna6biMH nomiMH. B aTHX ~ny

'IBSIX MO*HO paano*HTb a H. Y B CT~~imime pSillbi no H . H orpaH~'IHTbCH n,~lllb 
nepBbiMH qneaaMH. CooTBeTCTByroume Koacjl¢HuHeHTbi paano*eHHSI MO)!{HO onpe

nenHTb. npH noMOIIIH CHCTeMbl ypaBHeHHH ( 19). H ( 20) 1 ecnn aapaaee H3BeCTHO - . . '. 

Bbxpa~eaHe narpaH*Haaa. l1aaqe roaopSI, MO)!{HO onpenenHTb npH6niraHTenb

Ho MeTpHKy GJlV np~CTpaHCTBS-BpeMeHH B cna6biX n01ISIX no TeOpHH B03My..:. 

IIleHHft Ha OCHOBe ypaBHeHHH ( 19) H ( 20) C 38ll8HHbiM narpaH)!{HBH~M f • . - . 

B Ka'lecTBeHnnrocTpauHH paccMoTpHM HCKpHBneHHe ~pocTpaacTBa-apeMe-

HH B CKa1ISipHOM none C DpOCTbiM narp8H)!{H8HOM 

f. = K + u K2 , ( 21) 

rae u- M8118SI KOHCTBHTa. B nepBOM npH6nH)!{eHHH Mbl HMeeM 

a ·:: l + a 'H ·, y -::.1 + y-' H, ( 22) 

H cnenoaaTenbHo, 

i>.:: H +( y '+u )H 2 
( 23) 

nollCT8B1ISIH 9TH Bblp8)!{eHHSI B ypaBHeHHSI ( 19) H ( 20) 1 Mbl nony'IHM 

a'=O, y'=-4u. ( 24) 

B naHHOM npH6nH)!{eHHH 

f3:::-2u. ( 25) 

MeTpHKB G IW, TBKHM oelpa30M1 HMeeT BHll 

GILV::: gllv-2u gill'' gvv'ellll,ellv' ( 26) 

§3.·CKopoCTb pacnpocTpaaeHHH cHraana B none 

C 38Jl8HHbiM . narpaH)!{HSHOM 

nepeH)leM Tenepb K H3y'leHHIO OllHOH H3 B03MO)!{HOCTert 9KCnepHMeHTanb

HOft npoaepKH npenno)!{eHHOft HBMH CXeMbl BBelleHHSI MeTpHKH •. np'eimonO)!{HM1 

'ITO aenHHeiiHbiH narpaH*HaH f. KaKHM-To o6paaoM 6hm onpenenea. B paMKax 

cymecTByromeii KnaccH'IecKoft. TeopHH nom1 ( 6ea aaeneHHSI MeTpHKH G pv ) 

8 

* 

l < 

. )! t. 
a~ 
!) 
> 

.I 

.) 

~ 

MO)!{HO BblqHCnHTb CKOpOCTb pacnpOCTpaHeHHSI ~anbiX B03MylileHHH 

BaeMbiX KSK CHrHanbi0 B 38Jl8HHOM, none. ·Mbl n~Ka)!{eM 1 'ITO 9TO :;J 

poCTH CHrHana 6yneT. OTnH'IBTbCH OT 3HB'IeHHSI1 nony'leHHOrO ~ I 

no>i<eHHOH H:a.MH snecb cxeMblo 3Ta pa3iiHua . MO)!{eT 6b1Tb HCnOJ 

(KOCBeHHOft) 9KCnepH~eH~81IbHOH npoaepKH. cnpaBellnHBOCTH H 

( B TOM c.riyqae, Kor.na H3BeCTeH narpaH)!{H~~). TaKaSI· CHTyaumi 

_nng ane~TpOM.arHHTHOrO nonSI1 KOTOpoe 6y_neT pSCCMOTpeHO B en 

6oTe. HayqeaHe ciCan~paoro nons npe.ncTaanSieT MeTo.n~qecKHR 
cKonbKY 'B llBHHOM cnyqae pacqeTbi cymecTBeHHO ynpomaroTcSI • 

HTaK, anSI millleft uenH 6y.neM paccMaTpHBaTb cHa'lana y~ , 

a cTaHJlapTHOH TeopHH nonSI 

2 
a i>. ell = o. 

aell aell IL11 

IL v 

nonyCTHM, 'ITO Ha ¢oae sanaaaoro nonS! ell', YJlOBneTBOpSIIOIIler 

(27), 

a2f., 
• ell , = 0 ILII , 

aell'aell' 
IL II 

r)le f' o6oaaaqaeT f. npH ci>Al; cymecTayeT Manoe aoaMymeaHe ¢ 

none 

ell =ell,+¢ 

TBK)!{e )lOn)!{HO YllOBneTBOpSITb ypaBH~HHIO ( ~7) o . 0TCIOll8 nony'lal 

pacnpocTpaHeHHSI cHraana ¢ B sanaHHOM none ell' 

[~ gllll +. J2f' g I'll' gw ell ',ell,,]¢ + 
JH' JH'2 IL v pv 

_ + [ J2f.• ( ga{3 gill'' ell,·,+ 2 gall g {3{3 ~ {3') ~· 
JH'2 fl . · 

3 . . . 
J f.' · aa' {3{3' I'll' ..... • !II' ell • ] ell' • -I. = 0, + -- g g 9 _<¥' {:).' ,• -.a{3 'I'll JH'3 . a p r 
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. ( 20) 

:a6biMH nonHMH, B STHX cny

bl ~0 H .· ~ orpaH~'IHT~cs:r. n,HWb 

IITbl pa3nO>KeHHH ~O>KHO onpe-

(20), ecnH 3apaaee H3BecTHo 
' • ' • • • • < ~ • •• 

o _onpenenHTb npH6nimHTenb-

biX nons:rx no TeopHH B03My

lll8HHbiM narpaH>KHa~oM f , 
HBneHHe npOCTp8HCTB8-BpeMe-

. ( 21) 

If Mbl HMeeM 

( 22) 

( 20), Mbl nony'IHM 

( 24) 

( 25) 

' .. ~ 

1raana B none. 

'3MO>KHOCTeft SKcnepi!MeHT8nh

eHHH MeTpHKH,: npeimoiJO>KHM1 

:>M 6hin onpenenea. B paMKax 

~3 BBeneaHs:r: MeTpHKH G fLV ) 

MO>KHO Bbi'IHCnHTb CKOpOCTh pacnpOCTpaHeHHH MSnbiX B03MyWeHHlt1 p8CCM8TpH

BaeMblX K8K CHrHanbl1 B 38ll8HHOM none, Mbl noKa>KeM 1 'ITO STO 3H8'1eHHe CKO;,. 

pOCTH CHrHana 6yneT OTnH'I8ThCH OT 3H8'1eHHH1 nonyqeaaoro B, p8MK8X npell

no>i<eHHOlt H8MH 3l]eCb cxeMblo 3Ta pa3HHU8 MO>KeT 6b!Tb Hcnonb30B8H8 nnH 

(KOCBeHHOlt) SKCnepHMeHTSnhHOlt npoBepKH cnpaBellnHBOCTH Hawelt TeopHH 

(13 TOM cJiyqae, Korna H3BecTeH narpaH>KHaH). TaKaH CHTyaUHH HMeeT· MecTo 

llnH srie~TpOM.arHHTHOrO nons:r, KOTOpoe 6yneT pacCMOTpeHO B cnellyJOulelt pa-

6oTe, H3y'leHHe cKanHpHoro nonH npencTaBnHeT MeTollH'IeCKHfi HHTepec, no

cKonhKY · B ll8HHOM cnyqae pacqeTbl cymecTBeHHO ynpOill8JOTCSI, 

l·ITaK, nns:r aawelt uenH 6yneM paccMaTpHBaTh caaqana y~ aaaeaHe nonH 

B CT8Hll8pTHOH TeopHH nonH 

( 27) 

nonycTHM, 'ITO H8 !Jloae 38llBHHoro nong ell·. YllOBneTBOpHJOillero ypaBHeHHJO 

(27). 

ae~~·ae~~· 
ll v 

rne J~' o6o3Ha'laeT f npH <lb«<l; cymecTayeT Manoe B03MymeaHe ¢ 

none 

(27') 

CyMMapnoe 

( 28) 

TaK>Ke non>KHO ynoBneTBOpHTh ypaBH~HHJO. ( 27), 9TCJOlla nony·qaeM ypaaaenHe. 

pacnpocTpaHeHHH cHrHana ¢ B 3anaHHOM none ell' 

J f• fLV 'J2f' ll/l' W ) [-- g + --2g g ell ',ell , , ¢ + 
JH' r/H' ll v /LV 

( 29) 
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rne 
H '=t9JLV - <P(,. <P~ • 

Koa¢¢n:un:eHTbi npn: cTapwn:x npoHSBOJlHhiX cfop.v B aToM ypaBHeHHH nonHOCTbiO 

onpenenSIIOT CKOpOCTb pacnpoCTpaHeHHSI CHrHana · B ·Jl8HHOM none cp ~ • 

BMecTo ypaBHeHHH (27) B npeJlnomeHHOH HaMH cxeMe none <P yJloBneT

aopHeT ypaBHeHHIO (3). l1s nocneJlHero cneJlyeT, 'ITo Manoe BosMymeHn:e cp,· 
paccMaTpn:BaeMoe KaK cn:raan, pacnpocTpaHHeTcH B saJlaHHOM none <P' B co

oTBeTCTBHH C ypaBHeHHeM 

[ d(y::G"' ~,) 
dH' 

2 .;::G ,(;) ') , , 
p.v J C:GJ.. gP.P. gVII <f),, <f), , ]cp< + 

g + dH'_2. p. v p.v 

[ d 2(v:ci·~ ')( gaf3 g p.p., <f) ', + 2 gap. gf3f3'<f) {3 ,) + 
+ JH'2 p. 

+ 
d3 (y::G ,~,) 

JH ,j 
aa' {3{3' p.p.' <f)'<f) '<f)' ](f)' .-'- = 0. 

g g g a , f3 , p. , 0.{3 'I' p. 

(30) 

CKopocTb pacnpocTpaHeHHH cn:raana Tenepb onpeJlenHeTCSI Koa¢¢n:un:eHTaMH 

npn: CT8pWHX npOH3BOJlHbiX cpJLV B ypaBHeHHH ( 30) • 

QqeBHJlH0 1 'ITO npn: OJlHOM H TOM me 38Jl8HHOM narpaHmHaHe ~ CKOpOCTH 

CHrHanOB1 pacnpoCTpaHHIOlliHXCSI cor naCHO ypaBH9HHHM ( 29) H ( 30) 1 OTnH

'l:8lOTCSI Jlpyr OT Jlpyra. l1cKpHBneHHe npocTpaHCTBa~BpeMeHH npH H8nH'l:HH 

cymecTBeHHO aenn:HeHHbiX nonea, TaKn:M o6pasoM, npn:BeJleT K aa6n,IOJlaeMhiM 

!fln:SH'l:eCKHM CneJlCTBHHM, KOTOpbie MoryT 6biTb HCnOnb30B8Hbl JlnSI 9KCnepH

MeHT8nbHOH npoBepKH Teopn:n:. 

B KaqecTBe npocToro npn:Mepa paccMoTpHM cny'l:aH, Kor)la narpaHmHaH 

n:MeeT BHJl ( 21) 

~ =K +aK 2 (21) 

npn: aeo6xoJlHMOCTH BBeJleHHH MeTpHKH Gp.v n:nn: paBeH 

~ =H+rH 2 (31). 

10 

B CT8HJlapTHOH TeOpHH. B CHny COOTHOW9HHH ( 24) 9TH Bbipamell 

TenbHO paBHhi, ecnn: 

T=U+y'= -Ja. 

-> 

B cTaTiJ:qecK:oM OJlHopOJlHOM none c HanprimeHHoCTbiO F, aanJ 

ocn: ox ypiiBaean:e ( 29) n:MeeT BHJl . .· 

2 ~~, d ~, a2 cp a2cp alcp a2 cp 
· [ 1- F --I ] - + -- + - - -- = 0, 

d H ' 2 d H' a x2 a y 2 a z 2 at 2 

rJle 

d 2 ·~, d~' 
--l--=2r. 
dH' 2 dH' 

CKOpOCTb pacnpoCTpaHeHHH CHrHana IIO OCH OX 'paBH8 

v = y J-2 T F 2 

B TaKoM me none ypaBHeHn:e (30) n:MeeT BHJl 

2 d 2(v-G'~' J d(v-G'~' a2cp a2cp a2cp a2 cp 
[J-F I ]--+--+----

JH'2 . dH' ax 2 av 2 az 2 at 2 

rJle 

. J'f.v-G'f' I d (y-G'~') ;;> 2 a+y' = -2a . . 
dH'2 JH' 

CKopocTb cn:raana, pacnpocTpaHHIOmerocH no'ocn: ox, paBHa 

v =vl.+2aF 2
• 

CpaBHHBaH (35) H (38). c yqeToM '(32),. Mbi yBHJJ,HM, 'ITO BOSHI 

MHHKOBCKO~ MeTpHKH npH HanH'l:HH cymecTBeHHO Henn:He~Horo 

CKopocTb pacnpocTpaHeHHH cn:raana. Ecnn: sapaaee n:sBecTeH n 

HSMep~HHe CKOpOCTH CHrHana B-38Jl8HHOM none npeJlCTaBnHeT,< 

cnoco6oB aKcnepn:MeHTanbHOH npoBepKH Teopn:n:. 06o6mean:e 9Tn: 

.Ha cnyqa~ aneKTpoMarHHTHoro nonR npn:BeneT K npencKasaH 

MOmHO cpaBHHTb C OnbiTOMo 

'11 



.·.,, 

B _9TOM ypaBHeHHH nonHOCTbiD 

:-aana · B -naaaciM none Ill' • 

aaMH cxeMe none <I> ynoBneT

~T, <ITo Manoe BoaMymea~re ¢ ,· 

~H,B 38,ll8HHOM none If>' B CO-

, <I>~ ' 1¢· +. 
L' v' J.LV 

'+ ( 30) 

JnpenengeTCH K09~HUHeHT8MH 

( 30).' 

~aaoM narpaaJ~maae ~ cKopocTH 

9.BaeaHsiM < 29 > ·H < 3o > • o-rmr

JaHCTBa._speMeaH .npl'i aapH'IHH 

1oM, npHBeneT. K aa6nronaeMbiM 

b ~rcnonbaonaHbi nng aKcnepH-

mM cnyt,~afi, . KOrJla narpamKHaa 

( 21) 

H paBeH 

( 31) . 

B CT8H.ll8pTHOti TeOpHH. B CHny COOTHOllleHHH ( 24) 9TH Bblp8)KeJIHH npH6nH3H-

TenbliO paBllbi, ecnH 

r=a+y'= -3a. ( 32) 

B cTaTn'!ecKoM onaoponuoM none c aanpH)I{eHHOCTbiD F, aanpanneuaoti no 

OCH ox,ypanueune ( 29) HMeeT BH.ll 

2 · .2.Q; · cJ 0 ' a2 ..~.. a2 ..~.. a~ a 2 ..~.. 
[J-F -

d.L I --.L-1 "~" "~" "~" "~" o - + --+----....---.;--
cl H ' 2 cl H, a x2 a y 2 a z ~ at ~ - I 

( 33) 

rne 

( 34) 

CKopocTo pacnpocTpaueHHH cnruana no ocH ox paBaa 

(35) 

B TaKoM )l{e none ypaBaeane ( 30) HMeeT BHJl 

(36) 

rne 

(37) 

CKopoCTb cnraana, pacnpocTp8liHIDlllerocH no'ocH ox, paBUa 

v = /i.+2a F 2 • ·. (38) 

CpaBHHBaH (35) H (38) c yqeToM (32),. Mbi yBH~HM, 'ITO B03liHKHoBeaHe ue

MHHKOBCKoti MeTpHKH npH UanH'IHH CyiUeCTBellliO JienHHetiaoro nonH MeHHeT 

cKopoCTb pacnpocTpaaeang cHraana. Ecnn aapaaee HaBecTeH narpaa*Haa, To 

H3MepeHHe CKOpOCTH CHraana B 38Jl8HHOM none npeJlCT8BnHeT.C060fi OJlHH H3 

cnoco6oB aKcnepHMeaTanbHOfi npoBepKH TeopHH. 06o6mea~re aTHX peaynbTaToB. 

,H8 cnyqafi aneKTpoMarHHTHOrO nonH npHBeJleT K npe.UCK838HHHM1 KOTOphle 

MO)I{HO Cp8BHHTb C OnbiTOMo 
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§4. YHHBepcanbHoe saaHMo~eucTBHe cymecTseaao aenaaeuaoro 

fiOllH CO BCeMH ~pyrHMH.fiOllHMH 

B 38KniO'IeHHe Mbl paCCMOTpHM BeCbMa HHTepeCHOe <jlH3H'IeCKOe cnellCTBHe 

HCKpHaneHHSI npocTpaHCTBa-apeMeHH B cymecTBeHHO HenRHeiiHoM none. Mbi 

noKa~eM, 'ITO TSKOe none llOn~HO B38HMOileHCTBOB8Tb CO BCeMH opyrHMH 

nonSIMH. llell:cTBHTenbHO, MeTpHKa npocTpaHCTBa-apeMeHH Gll
11 

nonHOCTblO onpe

nensreTCSI aanaHHbiM noneM 

G fLV = a (H) g fLV + {3 (H) g fLfL, g vv, ell , ell , , 
fL v. 

ecn11 RaaecTeH narpaH~HaH. YpaaHeHHSI nnsr npyr11x nonell:, na~e. cao6ol:tHbiX, 

~OmKHbl cooep~aTb SIBHO STOT MeTpH'IeCKHH TeH30p1 fiOCKOnbKY OHH HHBSpHSHT

Hbl OTHOCHTenbHO npeo6pa30BSHHH npOCTp8HCTB9HHO-BpeMeHHbiX 'KoOpllHHST1 

COXp~HSIIOIIlHX HHTepBan ( 1) • 3TO npHB91l9T K s<jl<jleKTHBHOMy YHHBepcanbHOMy 

aaaHMOileficTBHlO nonH ct> co aceMH ~pyrHMH nonsrMH. TaK, aanpRMep, BMecTo 

ypaBH9HHSI 

2 
(gllll a +m2)A(x}=O 

axllaxv 
(39) 

nnsr cao6onaoro cKansrpHoro nonsr A( x) Mbi HMeeM Tenepb cooTBeTCTBYIDIIlee 

ypaBH9HHe B pHMSHOBOM npOCTpSHCTBe: 

J a -lllla [-- --(y-G G -J +m2 ]A(x}=O. 
...;:"G" axiL ax11 

' 

(40) 

B cna6oM none ct> STO ypaaHeHHe Mo~Ho nepenHcaTb npR6nRaHTenbHO cne~ylO

IIlHM o6paaoM: 

2 , , 
( gllll a + m2 ) A(x ) + {3 ( gfiiL g w ct> ll ct> v 

a Xjl ax 11 

uu 
+g ell uu 

vv' ' a 
g ell

11
---,)A(x)=0. 
a XV 

·l -,--- , + 
axiL ax11 

(41) 

QqeBHilH0
1 

'ITO BTOpOfi qneH B neaoft 'ISCTH nocneoHero ypaBHeHHSI onHChlBSeT 

aaaRMoneAcTBHe Me~y nonsrMH ell(x} 11 A(x}. 
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TaKHM o6paaoM, ncKpnBneHne npocTpaHcTaa-apeMeHn a 

HenHHeii:HOM rrone ciJ'aneqeT 38 co6oii: B38HMOil9HCTBHe STOrO fil 

~pyrnMn nonHMH. 06o6meane·' sTnx pe3ynbTaToa aa cnyqaii: sneK· 

ro nonH rip~BeA~T K <jln3H'!eCKHM npe~cKa3aHHHM, AOCTynHbiM 

TanbHOii npo~e_rKe. 3To 6yneT CAenaHo a cneAyiDmefi pa6oTe. 

ABTOp C'!IITaeT CBOI!M npHHTHbiM ;:wnroM. rr~6naro~apHTb. il,J 

H M.A. MapKOBa .aa HHTepec 'K pa6oTe II ueHHble COBeTb!1 a TaK 

ilbiK: 38 CTHMynHpylOll.llle AHCKyCCHH, 

fl II T e p a T y p a 

1, J],I1,EnoxunueB. JlAH CCCP, g 553 (1953), 

2. D,l, Blokhinsev. Nuovo Cim., Supp. X, }, 629 (1951 

3, M. CBnpcKnll. BecT.MfY, .§.· 43 ( i951), 

4 •. Jl.l1, EnoxunueB. J]AH CCCP, 168, 774 ( 1966). 

5. J]ao Bonr JlbiK, Hryen Ban Xhey, TM<I>, £, 55 ( 1970)~ 

6, W.Heisenberg, L,Euler. Z,Physik, ~ 714 (1936), 

7. J],l1. E.-:wxnnueB, B.B. OpnoB, )!(3T<I>, ~ 513 ( 1953), 

PyKonnch nocTynuna B.IIGnaTenh 
5, OKTH6pH 197l.rona, 
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ymecTBeaao aennaenaoro 

ll!IMH 

Tepecaoe ~nanqecKoe cneacTane 

raeaao. aemmel!:HoM none. Mbt 

i!:CTBOB8Tb CO BC9MH apyrnMH 

l-BpeM9HH Gpv nonHOCTbiO onpe-

ell , , 
v .. 

pyrnx none!!:, aame, cao6oilHbiX1 

raop,.noCKOnbKY OHH . .UHBapnaHT

raeHHO-Bp9M9HHb!X:KOOpaHH8T1 

a¢~eKTHBHOMY yHnBepcanbHOMy 

onSIMH. TaK, aanpnMep, BMecTo 

(39) 

M99M Tenepb COOTB9TCTBYIOW99 

(40) 

rn~aTb npn6nnanTenbHO cneayto-

. (41) 

ICneaHero ·ypaBH9HHSI onHCbiB89T 

I. 

. ' . ~ . 
.. -:,. 

TaKHM o6pasoM, HcKpHan·eane rrpocTpaHcTaa-apeMeHn a cymecTaeaao 

ae.imaeilHoM none .<P·· aneqeT. 3a co6ou B3anMoaeucTriHe aToro noitSI ·co aceMI! · 

apyrnMn rronSIMH, 06o6me!ine aTnx pe3ynbTaToa Ita cnyqau aneKTpoMarHHTHo

ro ITOnH ITpHBeaeT K ~II3JiqecKHM rrpeacKa3aHI!HM 1 aocTynHb!M 9KCnepHM8H

T8nbHOll npoa~pKe. 3To 6yaeT caenaHo a cneayiOmeu pa6oTe. 

A aTop cqnTaeT CBDIIM rrpHHTHbiM ;::wnroM no6naroaapnTh · ll.l1. BnoxuHueaa 

H M.A. MapKoBa aa HHTepec K pa6oTe n ueHIIbte coaeTbi, a TaKme llao BoHr 

llbiK: 3a CTI!Mymtpy!Oll{He Jll!CKyCCHH. 

fl ll T e p a T y p a 

I. U.H. EnoxrrnueB. llAH CCCP, §..f., 553 ( 1953). 

2. D.I. Blokhirisev. Nuovo Cim., Supp. X, ~ 629 (1956). 

3, M. CBHpCKHfi. BecT.MfY, §, 43 ( i951). ' 

4, .ll.H. EnoxHnueB. llAH CCCP, 168, 774 ( 1966). 

5, llao Bonr llbiK, Hryen Ban Xbey. TM<P, b 55 ( 1970) ~ 

6. W.Heisenberg, L. Euler. z. Physik, g§_, 714 (1936), 

7. n.H. EIIOXllJIUeB, B.B. OpnoB, )K3T<P, £§., 513 ( 1953), 

PyKonHcb nocTynHna B.H3UaTenbCKHfi oTuen 
5 OKTH6pH 1971 r'OUB, 
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