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8 OCHOB8 MepoonpeneneHIH! npOCTpaHCTB8-Bp8M8HH' B Cil8IlH8ffi>HOl! TeopHH OTHOCHTenb

' HOCTH (CTO) neJKHT npdnnonoJKeHHe o noi::ToSJHcTae cKopocTH caeTa a <pH3H'lec~oM - BaKyyMe, 

MeJKAY. T0M 8TO npennonolK8HHe, aoo5me ·roaopll, He BbmonHeHO B HenHHellHblX TeOp_Hrut 
-.Jf::17'-- . . · . . . · . · · .. · 

nom1 ' XOTll . 5bl OHH '· H ynoaneTBOprum cj,opManbHblM. Tpe50B8HHllM nopeHileBCKOil HHBapH-

aHTHOCTH, 

OnpeneneHHLie T~e5oaaHH.H K nnHel!HoCTH curHana, Hemrno conep_JKamuecSI B CTO, 

o5bI'lHO ynycKaIOTCS! U3. anny. A. 3l!HmTeilH He pa3 . OTMe'lan, 'ITO Ha caMOM nene HaM nirna 

TOnbKO CYMMa . 'reoMeTpHS!+<pH3HK8* 1 a !le KalKA08 cnaraeMOe OTAenbHO, 

PaCCMOTpHM aTy*cyMMy* H8 npHMepe a5CTp8il:THO_ro M·npa, B KOTOpOM cymeCTByeT 
'· 

nnmb·onHH aun MaTepnu 

(x a X 11x21 x 8fX 
4 

) • 

CKangpHoe none ¢(x) , pacnpeneneHH08 B IlpOCTpaHCTBe R '{x) 
' . . ' 

MeTpUKa 8Toro npoCTp8HCTB8 nepBOH8'18nbHO He onpeneneHa, onHaKo 38KOH pacnpene-

neHHS! nonl! <p(x) Mb! 5yneM C'IHT8Tb 38/'.llll!HblM C IlOMOmbto BapHallHOHHOI"O npHHilHI18: 

8JLd(,) = 0 , (1) 

a , L eCTb nnoTHOCTb narpaHlKllllH8, 38BIICS!IU8S! OT nong ¢ H ero nepBblX npOH3BOl:tHbIX \ 

c1i)_, a¢ 

~e='~ 

rne 

(i= 1,2,3,4) • lfa ( 1) Bb!TeKaeT ypaBHeHH8 nonSI: 

, a¢ 
+ b 1 -·•-- +c ax, 

aL 

0, 

ilL 
, C =- --

a¢ 

(2) 

(3) 

CyTb <pyHKilH~ ¢ H '¢, t TaK. 'ITO ypaBHeHH8. (2) t B005~e roaopSI, HenHHellHO, Jlng ycTa;. 

HOBneHHH ,MeTpH'leCKHX COOTHOWeHHll B paCCM8TpHBll8MOM H8MH a5cTpaKTHOM MHpeiMbl MO-

lK8M HCilOnb30B8Tb TOnbKO *cj,H3HKy' nong ¢{x) 

HH8M annunTH'l8CKOro Tnna, T8K 'ITO 

• Ecnn ypaaHeHnll (2) SIBnSieTCS! ypaaHe-

(4) 

( ,, - 1IpOH3BOnbHbill, ne.llCTBHT8JlbHblll B8KT0p}, TO aoo5me H8nb3S! paanemtTb MHOJKeCTBO 

~ '(x) Ha npocTpaHCTBO 'n apeMSI:. B 8TOM cnyqae aapHalll!S! IlOlll! 8¢ (P) B ottpec-r-

HOCTU K8KOil-m15o TO'IKH p ( l[ i'-21" all[ ' ) neneT K 113MeH8HUIO IIOnSI, ¢ : B nro5oil 05naCTH 
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'). -~ , OrpllHll'l8HHOlt 34MltnyTOlt noBepxnocn,10 -r . , 01tpy:,ica10melt TO'IJCY p • 8 &TOM. cny-

I 

1148 .HII O)lHO 113 nanpaBneHHlt B '.S! 4 (x) 118 Bbl)leneno II pa3nene~e Ha npOCTp8HCTBO H 

Bp8MSI H8B03M0)1{110. 

/. Ecnn lK8 YP8BH8Hll8 (2) mm.11eTC.!I ypaBH8Hll8M r11nep!SOllll'l8CKOro Tllna ,T8K 'ITO 

allt e,ek -~ 0, (4) 

TO Bap11an1111 non11 8¢ (P) B Oltp8CTHOCTll' TO'IKII p (l<
1
f

2
,J:

3
,x 

4
) Bbl3b1B8T B8pllllllll10 

ncinsi ¢ TonbKO B T8X TO'l,KSX '.S!., (x) , KOTOpbie. neJKaT BHYTPD xapaKT8p11CTll'l8CKOro 

~onyca (1tonyca Bn11HHH11),' o6pa30BaH11oro xapa1tTep11cT11_1taM11_ ypaB11en11.11 (2). B aTOM c,iy

~ae nanpaBnenn11 B npocTpancTBe '.S!, (x) pa3nen.11TC_!I na apeMeuwe (neJKamne BHyTPH 

Konyca Bmumnsi) n na npOCTDBHCTBeHHhie (nelKllil!ne BHe ero). BMeCTe c STRM nosiBnseTcsi 

_ H nOHSITH8 Bp8M8HH: _Mbl MOlK8M Tenepb roBopHTb O pacnpOCTp8H8Hllll curnana, H3 TO'lltll. p 

BpeM0HHb\e. TO'IKll AOCT11ra10Tcsi c11rnanoM 113 :p ·; npocTpaHCTBe11Hble - HOT. 
. . ' , 

3aMeTHM1 'IT0 non· c11rnanoM Mbl n~imMaeM nonepxnocn. cna6o~o pa3pblna nona_ ~-
. . . . . · , . --..:../151 

s.a·s(:a: 1, x2 ,x3 ,x, )=const. CeMeltCTB? STIIX noBep:n,iocTelt onpeJlensieTcH 113 ypannen11H 

a .sh.._-2.JL:= O. (5) 
lk axl axk·· ., .:-

8BIIAY H81ll!H81iHOCTII ypaBH8HIISI ( 1 ) ' xapaKT8p11CTIIK; ·_ YP~BH81IHSI; ( nHHIIH opTOr0HanbHble 

K ·s = mnst) 6yAyT 38BHC8~ . OT non~: ero npOH3B0JlHldX'. ¢ .. ·• -~08TOMy II pa3~eneHH8. i:molKe-
. •. • •. • : .. _I , ' , , 

CTB/1 :!Jl ~X) 
4 ' 

Ha llpOCTpaHCTB0 H B~8MH !SyrieT 38BHC8Tb OT B8nHqHHbl dong ¢ 
np0ll3B0)lHblX0 _. 

H3B8CTHO, 'ITO B _npocTp_llHCTB8 C 'M8TpHKOil 

ds 
2 = g dx dx k 

. lk I , 

cnrnan · ( cna6b1il pa_3pbIB) pacnpocTpam1eTCS1 n cornac11u c ypaBHeHl!eM 

rAe 
lk 

g KOHTpaBap11aHTHblli 

, glk ~ ~ ._ 0, . 

al<. al< .. L~i~. 
M8TJlH'l8CKHlt T8H3op· • 

11 ero 

(6) 

(7) 

CpaBH8Hll8 (7) H (5) 110Kll3b1B88T, ,11~0 M~H~a B :!/l 
4 
(x) nonlKHa 6bITb cornacoBa-

,Ha c_ 3/lK0H0M pacnpocTpanenm1 e;nrnana (5). 3To cornacoBanne Tpe6yeT, 'IT06b1 

lk 
g A s11~ . (8) 

. rne A .;. 06m111! M8CWTa6HbIII · MHOlKIIT8/Ibe TaKllM o6pa30M, M8Tpll'l8CKHli T8H30p. g1k 6yneT 

cj,yHKIIHelt -nonn ¢ 11 ero llpOH3BO)lHbIX: 

gilt ll 
g (¢,¢\). (8) 

' MeTpuxa :!/l (:1<) 0Kll3b1B88TCSI 3/l)!lHCSIIl!efl OT nonn ¢ ., . ' 

4 

\ / . 
'· 

,, ' 

t 
i1J 

'l 
1\'~·· jl 
' 

\ ' 

. l \ . 
' \ 
, .. Ii .. -
,~., 

; -; ,;·i: 
·.· ' ' ; . 

'1·. 
l 

'I 
'I 

i . / l 
· i 
JI 
"''\, 

nonyCTHM · Tenep&, 'ITO, noMHMO · nonsi ¢ ,· cymecTnyeT eme u _ llpyroe none ,f, , 

nO)l'lllHm011l88CSI TllltlK8 ypaBH8Hll,10 Bll)l/1 (2) • 

none cf, , ecn11 ero 11cnoilb3oBeTb · xax cur11an nnn ynoplJJl0'leHHH co6b1Tnli B ·!II~{~) 

onpenen11T npyr)'.IO MeTpuxy, OTnH'IHylO OT (9). Kaxy10 M8Tp11KY Mbl )l0Jlll<Hbl np8)lllO'l8CTb? 

.Reno, ·.11TO_ Mbl riomKHbl H83B8Tb Bp8M8H8M Ty. o6nacn.. ltOT0pan )lOCTHraeTCll mo6b!~ 

curnano~"( lp , Hill! ¢. ): HHblMH Cn0B8MII, pa3,!leneHH8 !R:, (:1<) Ha npocTpaHCTBO 

II npeMH A0nlKHO 6b!Tb cnenano C n_oM0il!blO Toro cnrnana, K~0pblli HM88T lt0HyC BnHllHIIH • 

B1tnIO'J8lOil!IIA B ce6H BC8 0CTanbHbie,· B03MOJKHbl8 ( CM. pm::. 2). 
/ 

EcTeCTBe_11no c1111Ta·n., 11To B 06nacT11 Manhlx nonelt nom1rna 6hITb cnpaBennnBa 06b111-

nan M8Tpuxa, npnnSITall B CTO. 

IloaToMy BJlann OT HcT011n11xa p ·-xapa1tT8pHCTHKH )l0nlKHbl BblllpllMnSITbCll, KBK 

STO no1ta3aH0 Ha pnc. 3.' ·3To BblnpHMneime M0lK8T np0HCX0)lHTb llBYMSI cymecTB8HH0 pa3-

iin1111bll\:n cnoco6a_MH. CxopOCTb 'curnana MOlK0_T CTp8MHTbCH K ' C co CT0p0Hbl M8Hb-

mnx cxopocTelt (na puc. 3 cny11ali ¢ ) unn co CTO~OHbI '6on&wux cxopocTeli (na p11_c.3 

cny11alt tf, ). B nocnenneM cny11ae Me-rpnxa npocTpaHCTBa .. BpeMenn :!R 4 (x) nonJKHa 6b1~b 

nepeonpenenena np·11MenuTe/IbHO K 3axony pacnpocTpanennst &Toro nonn B6n11311 TO'IKH P 

T8KHM o6pa3oM,none ¢ ; KOT0poe onpenensieT MeTpHJCY npoCTpaHCTBll, 6yneT B3/lHM0Aeli

CTBOBllTb co .BCOMH npyrHMH nonnMH 11epe3 M8TJlH'leCKHli 'T8H30p 
. lk lk ~ 

g C g (¢ I ¢ J ) • 

B 3a1tit1011enne 3/lM0THM, 'IT0 ypaBnenue Knelina: 

a'¢ a2¢ a'¢ a'¢ , TT- <--2- + -- +--->-m ¢ = o 
J: 4 ax 1 al[; al<: (lo) 

C OTpHll/lTe/IbHbIM -m 2 ('MHIIM/151 Macca'). KB!f o6bI'IHO C'IHT/lIOT, npHB0llllT K ABlllKCHHIO/ 

'18CTHll co cxopocTbIO, 6on&melt CKOp0CTB CB8Tll C • C.TO'IKll•3p8Hllll onncannoro BbIWe' 

··onpeAene·Hllll Bp8M8HII (o6~CTb, ll0CTHraeMa!I CHrHanoM (cM. pm:i. 4)) B cny11ae ypaBH8HH!I 

(10) cnenyeT C'IHT8Tb·, 'ITO Mb! HMeeM .onny, npoc-rpaHCTB8HHYIO xoop.o,HHaTy H .Tpll Bp8M8!1HbIX: 

r
11

:1<
2
,:r

3 
.• Pon& 11acTOTbl JlMlKHa ilrpan. Benn1111na ,-,,

2 =·,-,,:+,-,,~+,-,,:1.TaK 'ITo,-,, 2.=k:+m 2• 

Ilpn TllltOM onpenen:enun BpeMeHH CK0POCTH '18CTHll, 0llHCbIB88MbIX ypaBH8H118M :(lo),. oynyT-

M8Hbm8 CKOpOCTH cBeTa c • 
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Cf 
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X' \WI' 
~ 

p~ 

rd) 
(Cl) 

Pne. I. ( a) Cnrr.all 9llllBilTll'l8CKOro ypaBH8HBSlj BO MH0)K8eTB8 · j 2 ( t, X) H8T 
Bbll18ll8HHb!X nanpaBlleHBll. 
( a) CllY'lall rnnepl5onn,i:eexoro ypannennB; MHOJK8CTBO .:I! it, x) pa3-

nenBeTeB K0HYCOM BllllllHBll cPc na BpeMB (38illTpllXOB8H0) B npo-
eTpaHeTB0 (Bne Kouyca cPc ). 
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·, 

C 

. I 

~ ~ 

-t: t. 
y?' st,,- JV ~ 
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Pne. 2. 

,; 

X 

p 3 XapaKTepneTBKB noml ¢ B rf, • ne. • 
Konye BllBSIHBSI HSXOABTea BHyTpB 

. Konyea BllBSIHBll ¢ • IloSTOMy 
AllSI p83A8ll8HBH :5I 

2 
( t, x") na 

npoeTp8HCTBO B Bp8MH HMO npe11no
'l8CTb enrnan nonn ¢ • 

C 

' ' ' ' ' ' 
' ' .... .... 

.... - ' -- - :::::. - -- -
- -_-,,.; --- _,.// / ~ -~ /2 

y, 

-:t: 

IlyHKTBpOM C - o63HS'l8H Konye . BllBlll!Ji'SI 
CTO (exopOCTJ. eBeTa B nyeTOTe· npnn.11Ta 
llOCTOSIHHOli). Konye· <p eoBM8CTBM e ·Me
Tpnoll,npnn.llToA B CTO. Konye, onpe11e
mreMb!ll ll0l18M 1/J , H8 MSllb!X paeCT011-
HBSIX OT P Tpe6yeT II3M8H8HBH M8TpH-
KB CTO. 

Xs, 

C 

/ ,. ,,,,. ----
x, 

'\ 

Pne. 4. IlyHKTBpOM 3amTpBX0BSH8 o6naCTb BllBSIHBSI 
l1JISI ypaBH8HBSI Knenna e m 2 <0 •· B 9TOM 
enyqae B3MepeHBe x enenye-r e'lnTaTb 
npocTpaneTBOM B 1mtepenne X 

1
: (a TSK)Ke 

X 2 B. X a ) - Bpe_MeHeM. . 
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