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1. BBEllEHVlE 

PenRT~B~3a~~R npocTpaHcTBeHHO-BpeMeHH~x KOOPA~HaT, TO eCTb 
~X $aKT~yeCKOe · nepeonpeAeneH~e Ha OCHOBe TeOp~~ OTHOC~TenbHO
CT~, np~Bena K ~CTaHOBneH~~ ~ X KOHBeH~~OHanbHOrO XapaKTepa. 
B yaCTHbcT~, 3TO 03HayaeT, YTO On~T AOnYCKaeT TaK~e BBeAeH~e 
aH~30TpOnHOrO npOCTpaHCTBa-BpeMeH~ (CM., Hanp~Mep { l / * ). Ka3a
nOCb 5bl, cneAY~~~ war Aon~eH 3aKn~yaTbCR B ~35aBneH~~ OT YKa-
3aHH~X cornaweH~~. B cnyyae (l+l)-npocTpaHcTBa nepeXOA K ne
peMeHHblM CBe TOBoro $pOHTa (TO eCTb, no cyU\eCTBY , K BpeMeHaM 
OTnpaBneH~R ( t_) V1 np~eMa (t+) CBe TOBoro c~rHana B nOKaL\~OH
HOM on~Te) Ae~CTB~TenbHO RBnReTCA KaK pa3 TaK~M warOM. 
np~ 3 TOM TaK~e 3HaY~TenbHO ynpoU\aeTCA MaTeMaT~yeCK~~ A3~K pe
nRT~B~CTCK~ X Teop~~ / 2 1 . npaBAa, nnaTO~ 3a npOCTOTY ABnAeTCA 
HeKOTopaA Henp~B~YHOCTb TaKoro nOAxoAa. 

OAHaKO B 05U\eM cnyyae (1+3)-npocTpaHcTBa ACHaA KapT~Ha YT
paY~BaeTCR, XOTR ~cnonb30BaH~~ cn~HopH~X KOOPA~HaT (BKn~ya~
U\~X YKa3aHH~e CBeTOB~e) n03BonAeT coxpaH~Tb onpeAeneHHY~ Ma
T eMaT~yeCKY~ npOCTOTY. C APyro~ CTOPOHbl , B paMKa x 11 AeKapTO
so~ (npRMoyronbHO~) MOAen~11 / 3 / $~3~yeCK~~ CM~cn BBOA~M~X one
pa~~OHanbH~X nepeMeHH~X AOCTaTOYHO AceH, HO caM no ce5e nOA
XOA K HOB~M KOOPA~HaTaM CBA3aH C rpOM03AK~M~ $OpMynaM~ ~ 

ycno~HeH~eM MaTeMaT~yeCKOrO A3~Ka. 

B cseTe CKa3aHHoro Mbl OCTaHOB~MCA H~~e Ha pe3ynbTaTa x Aanb
He&1w~ x ~ccneAOBaH~~ CBO~CTB aH~30TponHoro npOCTpaHCTBa, on~pa

~~XCA Ha Ha5n~AaeMoe HecoxpaHeH~e yeTHOCT~. 
C APyro~ CTOpOH~, M~ 3aTpOHeM Bonpoc~ C~MMeTp~~ npOCTpaH

CTBa M~HKOBCKoro OTHOC~TenbHO npOCTpaHCTBeHH~X OTpa~eH~~ 

~ 05paU\eH~A BpeMeH~, ~X B3a~MOCBR3~, IlpeACTaBneH~A aHT~

yaCT~L\ KaK 05beKTOB C OTp~~aTenbHO~ 3Hepr~e~, AB~~YU\~X CA 
BcnATb BO BpeMeH~, np~H~~na pe~HTepnpeTaL\~~ ~ AP. 

* 
TaM Jl(e MOJI(HO HaHTH CCblnKH Ha npeAblAYID.He pa60Tbl no 3 T O H 

TeMe. 
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2. 0606~EHH~E npOCTPAHCTBEHHO-BPEMEHH~E KOOpn~HAT~ 

2.1. AH~30TponHoe npOCTpaHCTBO-BpeM~ 

Y>I<e npeACTaBneH~e "Ha5nIOAaTen~" B MblcneHHOM (pensn~B~cT
CKOM) nOKa4~OHHOM onblTe B B~Ae, CKa>l<eM, HYKnOHa, CocTO~llIe ro , 
no COBpeMeHH~M npeACTaBneH~~M , ~3 KBapKOB (3T~ X CBoero pOAa 
"CKPbITbIX napaMeTpoB"), n03Bon~eT rOBop~Tb 0 npOCTpaHCTBeHHO
BpeMeHHo~ aH~30Tpon~~. 

B CBoe BpeM~ np05neMa BBeAeH~~ aH~30TponHoro BpeMe H~-npo
CTpaHcTBa (~ ~3yyeH~e ero CBO~CTB) B03H~Kna KaK np~Moe cneA
CTB~e pen~T~B~3a4~~ caMoro nOH~T~~ KOOPA~HaTbl. OAHaKO 3TOT 
nOAxOA , OTn~yalOU\~tlic~ Henp~BbIYHOCTblO ~ onpeAeneHHblM~ ycnO>l<He
H~~M~, He BCTpeT~n nOH~MaH~~ ~ Aa>l<e paCCMaTp~Banc~ KaK Bo05ll1e 
HeHY>I<Hbl~ (~3-3a IHeHa5nIOAaeMOCTVl" MOMeHTa OTpa>l<eH~~ c~rHana) . 
05HapY>I<eHVle HecoxpaHeH~~ yeTHOCT~ B (na5blX B3a~MoAetlicTB~~ X 
~B~nOCb, no cYllIeCTBY, npo~BneH~eM nOA05Horo pOAa aHVl30Tpon~Vl. 

ne~CTB~TenbHO , HecoxpaHeHVle npOCT~aHCTBeHHotii yeTHOCT~ / 4 1 
n03Bon~eT B np~H~ne pean~30BaTb BpeMeHHYIO aHVl30TponVlIO. Te
nepb eCTb B03MO>l<HOCTb CKOHCTpy~poBaTb "npaBOCTopOHHVle" ~ "ne

/ 61 BOCTopOHH~e" yaCbl . MO>l<HO, CKa>l<eM, cAenaTb yaCbl C K05anb
TOM-60 , MarH~TOM ~ AeTeKTopaM~, per~cTp~pYIOU\~M~ ~-pacnaAHble 
3neKTpoHbi ~ CYVlTalOU\~e Vl X. nYCTb np~ 3TOM (An~ onpeAeneHHOCT~) 
MarH~THoe none HanpaBIleHo BAOIlb oc~ x , a caM ~CTOYH~K Ha xo
A~TC~ B Hayane KOOPA~HaT. BC~KVltli pa3, KorAa per~cTp~pyeTc~ 
3neKTpOH, ceKYHAHa~ CTpenKa cnerKa nOAB~raeTC~. TorAa pacno
nO>l<eHHbltii cnpaBa AeTeKTOp 5,YAeT peanVl30BbiBaTb InpaBble" YaCbl, 
a 3epKanbHO pacnOnO>l<eHHbl~ - "neBblell. Ho nOCKonbKY B 3epKanbHO 
OTpa>l<eHHble yaCbl np~XOAVlT 50Ilbwe 3neKTpOHOB, TO OyeB~AHO , "ITO 
OH~ 5YAYT ~Ar~ 5~CTpee. PVlc.1, B yaCTHOCT~, VlnnlOcTpVlpyeT cny
Yatli, KorAa neBoCTopoHH~e yaCbl (pacnOnO>l<eHHble, CKa>l<eM, Ha eAVl
H~YHOM pacCTo~H~~ OT Hayana KooPA~HaT x = -1) ~AYT B 2 pa3a 
5blcTpee npaBocTopOHHVl X ( x = 1), TO eCTb to. t n = 2M 11' 

t 

PHc.l. CXe Ma,HITnID
CTpHpy~~aR aCHMMeT
PH~ Bp e MeHH-rrpo.

X CTpaHCTBa. 

Ecnli1 Mbl Bocnonb3yeMcSl YKa3aHHblMVI yaCaM~ Ans:! onpeAeneHVI ~ CKO
POCTVI CBeTa, TO Ha~AeM, "lTO Cn = 2 cn' C Y"leTOM Toro, "ITO 
Cn l = 1 + 8o , a cnl = 1 - 80' An~ BpeMeHHoro napaMeTpa HatiiAeM 
So = -1/3 . 

KaK cneAyeT ~3 onblTa, B3aVlMoAetlicTBV1~, coxpaHSlIOU\Vle ~ Hapy
walOUtll1e YeTHOC Tb, AalOT oAIilHaKoBbitii BKnaA· A 3TO o3HayaeT, "lTO 
B AaHHOM cnyyae to.t n =3t-.tn V1 Cn =3cn (So = - 0 ,5) . 

C APy ro~ CTOPOHbl, VlCXOAs:! 1113 paCCMO TpeHHotii K6H CTPYK4V1~ 
MO>l<HO Bee >l<e Ao5V1TbCSl Toro, "ITO B peM~ cneBa VI cn pasa 6YAeT 

"IleOTCYIIITblSaTbeSl CVlHXpOHHO. Ho AIlSl 3Toro Tenep b, H anp~Mep , -
BOCTopOHHllle" yaCbl 5YAYT peaIl~ 3 0BblBaTbC~ MHO>l<eCT BOM AeTeKTO

"'t pOB, OTCTO~llI~X APyr OT APyra. E cn~ y nepBoro AeTeKTopa CIleBa , 
3aAalOU\ero HayanO OTcyeTa Bpe Me H~, KaK ~ paHbwe , X = - 1 (eM. 
p~c .1) , TO Y AeTeKTopa, OTeY~TblBalOU\er o BTOPYIO ceKYHAY, x = -2, 
TpeTblO - x =-3 VI T. A. KOH eYH O, eOBc eM HenpVl B~YHO, HO Bce -TaK~ 
BnonHe Aonyc T~Mo CYII1TaT b , "ITO B AaHHOM cnyyae Ae TeKTO p cneBa , 
OTCYVl TbIBalOU\~ tIi 1 c, TaK>I<e pac nOnO >l<eH Ha e AVl H~YHOM pac cTo ~H~~ . 
npOC TO co BpeMeH eM ~3MeHVlnc~ 3Ta nOH An~Hbl t-.x n= 2 t-. x n ~ T.A· 
KOHeYH O, TaKYIO "HeCTa41i10HapHYIO" MOAenb aH~30TponHoro npocTpaH
CTsa Henb3~ eYVl TaTb YA a4Hotli , oc05eHHo An~ neps oro 3HaKOMCTBa . 
n03TOMY H~>I<e Mbl nO APo5Hee pac cMoTp~M npocTetliw~e np~Mepbl CTa
4~oHapHoro aH~30Tpon H oro npocTpaHcTBa ~ oc05eHHocT~ cBS!3aHHotii 
C HVlM reoMeTpVlVl . 

2 . 2 . r e oMeTp~~ aH~ 3 0T ponHoro npocTpaHcTBa 

Ons! Tb-TaK~ An~ npocToT~ M~ OrpaH~y~MC~ paccMoTpeH~eM reo
MeTp~~ Ha nnOC KO CT~ , TO eCTb nnaH~MeTp~etli. 

no CYT~ Aena , Bce oc05eHHOCT~ aH~30TponHotii (He KOMMYTaT~B
Hotli) reOMeTp~~ 5YAYT onpeAen~TbC~ xapaKTepOM nOBeAeH~~ eA~H~Y
Horo MacwTa5a. B COOTBeTCTB~~ C (noKa4~OHH~M) on~TOM ~3MeHe
H~e 3TanOHHoro MacwTa5a B 3aB~CVlMOCT~ OT yrna ero HaKnOHa 
AOn>l<HO 3 aAaBaTbC~ B~pa>l<eH~eM 

( 1 ) e( ¢ ) = 1.(1 + 1\ f(¢ )], 

rAe 01 - npOCTpa HCTBeHHbltii napaMeTp (-1 S. 8 1 :; 1), f( ¢ ) YAOB
neTBop~eT ycnoB~1O f( IT + ¢) = -t( ¢ ) ,1 81f( ¢ ) Imn :; 1. 

Ha p~c .2 npeAcTaBneH~ pa3n~YH~e B03MO>l<Hble cnyya~ B~50pa 
f( ¢ ) , a ~MeHH O : 1) f1(¢ ) = cos ¢ , 2) f 2 (¢ ) = cos9 ¢, 3) f3 ( ¢ ) = 
=cos¢(1 +l tg¢ I)!81 = -0,5. nOCKonbKY nonyyeHHble Ql~ rYPbl npeA
CTaBn~IOT c050tli reOMeTpVlyeCKOe MeCTO TOyeK, OTCTO~llIVlX OT HaYa
na KOoPAIi1HaT Ha BenVlY~HY paccTo~H~~, paBHYIO 3TanOHY An~H~ , 
TO ~ X 8 COOTBeTCTBVI~ C onpeAeneH~eM OKpy>l<HOCTVI MO>l<HO Ha3BaTb 
"aH~30TponHotii OKPY>+<HOCTblO" . 3aMeT~M , "ITO AnS! f2 (¢ ) B ~HTepBa
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/.-.-. ., PHc.2. MOAenH aHH30TpOnHOrO 
/ \ • rrpOCTpaHCTSa /H3MeHeHHe 3TanOH

/ HOrO MaCIDTa6a B 3aBHCHMOCTH OT 
yrna ero Ha Kn OHa/./ 
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I I '0PHc.3. "PaBHOCTopOHHHe " Tpey ~/ ~ 


rOnhHHKH B aHH30TporrHoH reOMeT /1/ '~ 
~ 

PHH: A1B1C1 - npaBbIH, A2 B2C2 - LI ____~ 

--- - B B
neBbIH. A. A, , • 

ne ymoB 71/ 4 < I ¢ I < 371/ 4 KpVlBa51 2 npaKTVlyeCKVl cOBnaAaeT 

C 05~YHO~ OKPY~HOCTb~. 


Ha pVlc.3 npeAcTaBneHa APyraSl KnaCCw-teCKaSl cpVlrypa - "aHVl30
TponHblC1 TpeyronbHVlK" (AnSl cnyyaSl f 1(¢») . npVl 3TOM A1 Bl C 1 
npaBblC1 "paBHOCTOPOHHVlC1" TpeyronbHVlK, nOC TpoeHHbl(.1 Vl3 COOTBeT
CTBYKlU1Vl X 3TanOHHbiX MaCWTa50B. OYeBVlAHO, YTO OH SlBnSleTCSl He 
paBHoyronbHblM, a TonbKO paBHo5eApeHHbiM (yrnbl npVl ero OCHOBa
HVlVl COCTaBnSl~T 73 ° ) . OTpe3KVl A1C~ Vl B1C~ Vlnn~cTpVlpY~T non~TKy 
nocTpoeHVlSl cooTBeTcTBy~ero paBHoyronbHoro TpeyronbHVlKa. 
no aHanorVlVl A2 B2C2 - neBblC1 "paBHO CToPOHHVlC1" TpeyronbHVlK 
(LA2 = 54,5°); COOTBeTC TBeHHO A2C~ Vl B2C~ nOKa3~8a~T non~TKY 
nocTpoeHVlSl paBHoyronbHoro TpeyronbHVlKa. 

Ha OCH08aHVlVl (1) MO~HO nonYYVlTb Bblpa~eHVle An51 KBaApaTa 

3neMeHTa AnVlH~. TaK, B cnY4ae ~ (¢) B nonSlpH~x KooPAVlHaTa x 

KOMnOHeHT~ MeTpVlyeCKOrO TeH30pa ga~ 5YAYT 3aAaBaTbCSl 8~pa~e

HVlSlMVl 

2 
grr = (1+S1cos¢f , gr¢ = g¢r = 5 1rsin¢(1+,slcOs ¢)-3 , 

g ¢¢ = r2 (1 + 2 51 COS ¢ + ai )( 1 + ,s 1 COS ¢ ) -4. 
(2 ) 

4 

OTMe TVlM TaK~e, YTO B 3TOM cnyyae ypaB HeH Vl e OKP~HOCTVl B AeKap
TOB~X KooPAVl HaTax (c ~eHTpoM B Ha yane ) 5YAe T VlMe Tb BVlA 

x 2 + y2 
[ 2 2 1

2 
= R

2 
. ( 3 ) 

( x -I Y } 'h + 51 x 

3. npOCT PAHCTBO M~HKOBCKOiO (nM) 

3.1. "ieoMeTpt-1ye CKVle " oco5eHH ocTVl nM 

nM o5beAVlHVln o npocT paHc TBo VI BpeMSl B eA VlH oe yeT~pe XMep

Hoe MHoroofipa3V1e, 3aKpe nViB Ta KVlM o5pa3 0M 83aVlMOCB51 3b np OCTp a H
CTBeHHblX Vl BpeMeHHO ~ KOOP AVl HaT, cneAY~~ Vl3 npeo5pa 30B aH Vl C1 
n O peH~a. Ka K Vl3B e CT HO, reOMe TpVlSl nM nce BAoeBKn Vl AO Ba, KB a ApaT 

~ 
onp e AenSle TCSl B~pa*eHVleM 

x2 t 2S2 - (c 1) • ( 4 ) 

BBeAe HVle MH II1MOC1 8peMeHHO~ KooPAVl Ha Tbl K = it n03 Bon Sl eT 3anlt1 CaT b 
nocn eAHee B~pa*e HVle 8 eBKnVl AO BOM BViAe . npVl 3TOM c ne ~VlanbH~e 
npeo5pa30 BaH Vl 51 nOpeH~a CBO ASl TC51 K Bblp a~eHVl Sl M, VlM e~VlM BHeWHe 
TaKOV! ~e BVl A, YTO Vl cpopMynbl, onVlC blBa~Vle 05b1YHblV! nOBopO T B e B
KnVlAOBOM np OCTpaHCTBe Ha yron ¢ n ( 3AeC b <Pn =-iy , Y = arcth v , 
v - CKOPOCTb ABVI~eHVl Sl). OTc~Aa Vl Ho r Aa AenaeTC51 B~BOA, YTO Ta
KIilM 05pa 30M Mbl IIIMeeM nonHY~ a Hano rVl~ C 05bl4HbiM nOBop OT OM. 
npaBAa, HeCMOTp 51 Ha K a~Yll1ee c Sl CXOACTBO He cne AyeT 3a5blB aTb , 
YTO y r on Bce ~e MHIIIMblC1, a n03TOMY cpVl 3VlYeCK vl V1 CMblcn TaKoro "no
Bo pOTa" COBepweHH,O He Sl c eH. [,;lo~eT 5bjTb, VlMe HHO n03TOMY B no
cneAHee BpeMSl OT Vlc nonb 30 BaHII151 MHVlMO~ s peMeHHoC1 KOOPA Vl HaTbl 
npaKTVl yeCKIil OTKa3anViCb. 

CneAyeT nOAyepKHYTb , 4TO Ha caMOM Aene npVl CneL\VlanbHblX 
np eo5 pa3 0BaHVlSlx n Ope HL\a Mbl nepe xoAVl M, HanpVlMep , OT Vl CXOAHblX 
npSlMoy r onbHblX KOoPA'I1HaT K Kocoyron bHblM. npVl 3TOM 3aAaHH a51 
KooPAVlHaT Ha51 OCb Mo~eT nO Bo pa4V1Ba TbCR TonbKO Ha yron - " / 4 < 
< <PM < " /4. Ta KVlM o5pa30M, B OTn lll4 111 e OT eBKn lli AOBa Bpallle HIII51 , 
Ko r Aa -2" .$ <P E .$ 217 , AonYCT Vl Mbl He n~5ble nOBopO Tbl, TO eC Tb Mbl 
VlMeeM CBoero pO Aa HeoAHopoAHOCTb nM. XOT Sl , BMe CTe C TeM ,cneA
CTBVleM BBeA € HVl Sl nM $lBliln aCb orlpeAeneHHa51 "reoMeTpVl3aL\V151" Bpe
Me HVl (BpeM51 npVlo5peno KaK 5~ CBo~cT Ba 05~YH 0C1 KooPAV1Ha Tbl). 

* )J..nH npOCTOTbI MbI Orp aHWmBaeMCH cnyqa eM rrnO CKor o (I +1 )-ITH. 
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Ho BCe ~e, KaK cneAyeT ~3 OTMe'leHHOrO ~aKTa, CBO~CTBa nnOCKO
CT~ M~HKOBCKOrO (B 05~eM cnY'lae - nM) He 3KB~BaneHTH~ CBO~CT
BaM nnOCKOCT~ EBKn~Aa (4-npOCTpaHCTBa EBKn~Aa, COOTBeTCTBeHHO). 

3.2. C~MMeTp~Sl nM ~ aHTV1'laCT~l..\bl 

3.2.1. flpuHu,un peUHmepnperrau,uu (CM., Hanp~Mep ,l ei ) TeCHO 
CBSl3aH C c~MMeTp~e~ nM OTHOC~TenbHO npocTpaHcTBeHH~x ~ BpeMeH
Horo oTpa~eH~~. H~~e, KaK ~ B pa3Aene 3.1, M~ 5YAeM OCTaBaTb
CSl B paMKax TpaA~l..\~OHHoro nOAXOAa, TO eCTb OTBne'leMCSl aT Tex 
3q¢eKToB, a KOTOPblX wna pe'lb BbRlJe. TaK~M 05pa30M, KaK 05bl'lHO, 
M~ 5YAeM nonaraTb, 'lTO 3aKOH~ np~poA~ ~HBap~aHTH~ OTHOC~Tenb
HO npOCTpaHCTBeHHO~ ~HBepc~~ P ~ 05pa~eH~Sl BpeMeH~ T. YTO Ka
caeTCSl npOCTpaHCTBeHHO~ ~HBepcV1~ V1 , B 'laCTHOCT~, 3epKanbHoro 
OTpa~eHv.Sl, TO nocneAHee · SlBnSleTCSl AOCTaTO'lHO ~~Te~CK~M nOHSlT~
eM. OAHaKO onepal..\~Sl 05pa~eH~Sl BpeMeHV1 AnSl Hac COBepweHHO He
np~B~'lHa, nOCKonbKY B MaKpOM~pe BpeMSl V1MeeT HanpaBneHHOCTb. 

KOHe'lHO, caM ~aKT, 'lTO Ka~aOMY 3neMeHTapHOMY np0l..\eccy COOT
BeTcTByeT 05paTHbl~ (V1HBepCHbl~) np0l..\eCC, 5bln ~3BeCTeH AaBHO. 
Bo05~e T-~HBap~aHTHOCTb BcerAa paCCMaTp~BanaCb KaK 05~ee CBO~
CTBO AB~~eH~~, ynpaBnSleMblX nt05b1M~ c~naM~ np~pOAbl. 

OAHaKO cnel..\~~~'leCK~M pe3ynbTaToM Teop~~ OTHOC~TenbHOCT~* 


SlBnSleTCSl TO, 'lTO B ee paMKax 3Hepr~Sl pO onpeAenSleTCSl KaK 


p O dx o 
m- ( 5) 

dr 

rAe m - Macca, XO = t , r - c05cTBeHHoe BpeMSl. n03TOMY np~ t = 
=-I t 1 Mbl 5YAeM ~MeTb AB~~eH~e 05beKTa C OTp~l..\aTenbHO~ 3Hep
r~e~ p O = - E BcnSlTb BO BpeMeH~, aHanOr~'lHOe AB~~eHwo B OTP~
l..\aTenbHoM HanpaBneH~~ OC~ x C ~MnynbcoM p 1 = -I p 11 . B 05~eM 
cnyyae Mbl, oyeB~AHO, 5YAeM ~MeTb ABV1~eH~e B npoT~Bonono~HoM 
4-HanpaBneH~~ 'laCT~l..\bl C 4-~MnynbcoM pi =-Ipl i . 

YT05bl nY'lwe nOHSlTb ~~3V1'leCKV1~ CMblcn nocneAHero pe3ynbTaTa, 
05paT~MCSl K p~c.4. Ha HeM npeACTaBneHa npOCTpaHCTBeHHO-BpeMeH
HaSl KapT~Ha ABl!1~eH~Sl 'laCT~l..\bl C 3Hep r~e~ E ~3 TO'lK~ A C - t, - x ) 
B TO'lKY BC t, x) , cTpenKo~ nOKa3aHO HanpaBneH~e ee cn~Ha S SA 
(cn~panbHocTb A = -1/2). nYCTb q - - ee 3apSlA. C TO'lK~ 3peHV1Sl 
Ct'. x') -KapTbl ~3 ACt',x ' ) B BC-t ' , x') nepeMeCT~naCb 'laCT~

l..\a C 3HeprV1e~ - E. TaK~M 05pa30M, B TO'lKe A 3Hepr~Sl YBen~'l~
naCb Ha Ben~Y~HY E, nOSlB~ncSl cn~H sAB(3apSlA q+), B TO'lKe B 

* 11 npRMbIM c.JIe)J,c TBHeM BBe)J,eHHR IIM / B qac THOC TH, BblTeKalOlI\erO 

OTC~)J,a YCJIOBHH peJIRTHBHCTCKOH KOBapHaHTHocTH/. 

PHC.~. CxeMa, nORCHR~~aR npo~ert 
)J,Ypy peHHTepnpeTa~H., /"

"- /B / 3Hepr~Sl YMeHbw~nacb, nOSlB~ncSl 

" cn~H BaA ~ 3apSlA q - . Ho TaKaSl1/ 
KapT~Ha AB~~eH~S1 BcnSlTb BO Bpe1/ 
MeHM 'laCT~l..\~ C OTp~l..\aTenbHo~ 
3Hepr~e~ COBepweHHO He cornacyxx' eTCSl C HawV1M nOBceAHeBH~M MaKpo'/ ",/.;, CKOn~'leCK~M on~TOM, OCHOBaHH~M"/ I Ha cy~ecTBoBaH~~ II CTpenbl BpeMe

"/ AI H~". tle~cTB~TenbHO, nOCKonbKY 
/ "- Mbl np~HaAne~~M K MaKpO~~3~ye

t' CKOMY M~PY, Mbl He Mo~eM Aa~e 
"B~AeTh" 'laCT~4Y, AB~~yIl.lYIOCSI 
Ha3aA BO BpeMeHM. n03TOMY, nepe

XOASl Ha np~Bbl'lHbl~ Sl3blK (np~Hl..\~n pe~HTepnpeTal..\~~), Mbi V1CTonKY
eM 3TO SlBneH~e cneA~~M 05pa30M.

vb TO'lK~ BC-x') B MOMeHT BpeMeHV1 -t ' Bblwna 'laCT~u,a C 3Hep
r~e~ E ~ 3apSlAOM q+, B MOMeHT BpeMeH~ t' aHa np~5blna B TO'lKY 
ACx'), ee cn~panbHocTb A = 1/2. Ho 3TO KaK pa3 TO, 'lTO Mbl 
05~'lHO Ha3~BaeM aHT~'laCT~l..\e~. OTCIOAa C O'leB~AHOcTblO cneAyeT, 
YTO APyr~e ee xapaKTep~cT~K~ (Macca, BpeMSl ~~3H~, Ben~'l~Ha 
MarH~THoro MOMeHTa ~ np.) Aon~Hbl C He05xOA~MOCTblO cOBnaAaTb. 
np~ 3TOM, O'leB~AHO, HeT He05xOA~MOCT~ B ~CKyccTBeHHOM BBeAe
H~~ A~paKoBcKoro MOPSl 3anonHeHHbiX COCTOSlH~~ C OTp~l..\aTenbHO~ 
3Hepr~e~. TaKo~ nepexoA B KaKOM-TO CM~cne aHanOr~'leH T-~HBep
C~l!1. OAHaKO O'leBV1AHO, 'lTO np~ 3TOM HanpaBneH~Sl oce~ t' ~ x' 
OCTalOTCSl npe~H~M~, TaK ~e, KaK V1 HanpaBneH~Sl AyanbH~x oce~ 
E' ~ P'. CornacHo np0l..\eAype peV1HTepnpeTal..\~~ 3aMeHSllOTCSl Ha'lanb
Hoe ~ KOHeYHOe COCTOSlH~Sl (MeHSlIOTCSl ponSlM~ ~CTO'lH~K A ~ Ae
TeKTop B) , 'lTO np~BoA~T K ~3MeHeH~1O 3HaKOB 3Hepr~~, ~Mnynbca, 
3apSlAa ~ cn~panbHocT~ 'laCT~l..\bI. 

KOHe'lHO, cneAyeT cKa3aTb, YTO caMO no ce5e AB~~eH~e BcnSlTb 
BO BpeMeH~ He SlBnSleTCSl AnSl Hac 'leM-TO y~ COBC~M Henp~Bbl'lHbIM. 
tlocTaTO'lHO BcnOMH~Tb 05paTHoe K~HO. To ~e caMoe MO~HO CKa3aTb 
~ 05 OTp~l..\aTenbHo~ 3Hepr~V1. np~MepoM 3AeCb Mo~eT cny~~Tb ~3
BeCTH~~ np~Hl..\~n AeTanbHoro paBHOBec~Sl, AnSl npOBepK~ KOToporo, 
B 'laCTHOCT~. cny~aT npSlMaSl ~ 05paTHaSl peaKl..\~V1: 

24Mg + d _ 25 Mg + p. (6) 

3AeCb Ba~HO TO, 'lTO ecn~ npSlMaSl peaKl..\V1Sl ~AeT C B~AeneH~eM 
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3Hepn1V1 (E Hall. = 0, E KOH. = IE I ), TO 05paTHaSl - C ee 3aTpaTO~ 
= 0, .= -lE I )*.(E Hall • E KOH 

OAHaKo e HauJl!1M nOB ceAHeS HblM onblT OM eOBepweHHO He cornacy
e TCR ABI!1~eHVle Bc nSlT b BO BpeMe HVI 05beKTa , 05naAa~ero K TOMY 
~e OTplIll..\aTenbHOC1 3Hep r Vleil!. Mbl c Heo5xOAIiIMOCTbtO 5y.a,eM BOCnpl!1
HIiIMaTb e r a "peVlHTe pnpeT lilpO BaHHbIM" . Mo~eT 5blT b , 06pa3HO rOBopH, 
no .a, 05HO TOMY, KaK nepeBOpa41!1B a tOT CSl ( peVlHTepn pe TVlPYtOTCSl ) BVIAVI
M~e rna30M Vl306pa~eH~ Sl npeAMeTOB. 

3 . 2 .2. <Pu3WieC1aAe cJleOCmeUR eeeoe Hu51 JlM Be CbMa xapaKTe pHbl. 
ne pBoe, ~e OTMe4eHHoe, 3aKnt04aeT CH B np e .a, cKa 3aHVlVI aHTVlyaCT~~. 

no CYTVI Aena , 3TO np eA cKa3a Hlile co.a,ep~anOCb y~e B OCHOBo non a
ra~e~ pa50Te MVlHKOBC Koro 1908 r ./7/, r.a,e , B 4aCTHO CTVI , OH 
BBen ¢opMyny ( 5) . npaB.a,a, nplil 3TOM Bee ~e Tpy.a,HO 5~no 050~ 
TIiIC b 5e3 np Vl H~Vlna peI!1HTepnpeTa~l!1V1 WTtOKen b6e p ra - $e~HMaHa . 
CneAyeT TaK~e OTMeTVlTb , "'lTO B paCCMOT peHHOM no.a,xo .a,e He Tpe5y 
eTCR 5e CKOHe4Horo HeHa5ntO.a,aeMoro MOPSl ¢ e pMVl OHOB C OTp l!1 ~aTenb 

HOVr 3HeprVle~. Ho caMo e CYl1leCTBe HHoe: TO, "'lTO Mbl Ha3blBa eM aHT VI
"'laCTVI~aMVI, e CTb ¢aKTVl4eC KVI O Tpa~e Hl!1 e COBMeC THor o BnVl SlHI!1Sl 
CBOVl CTB co5CTBeHHO nM 1!1 Ayan bHoro eMY npO CTpaHC TBa Vl Mnyn bca 
3Heprl!1V1. TorAa KaK B 05111en pl!1HSl TOM n OAxo.a,e 3TO n pVl nVlc~BaeT eR 
CBo~cTBaM caMVlX 4acT VI~** . 

KaK B~TeKaeT Vl3 npoBeAeHHo ro Bb~e paccMoTpeH Vl R, no CYl1leCT
By T-onepa~IiIR n pVlB o.a, Vl T Hac K aHTVl4aCTVI~aM, OTnVl "'l V1e KOTOPblX OT 
COOTBeTCTBY~X "'la C TVI~ onpe.a,enSl e TCSl 3HaKOM Toro Vln Vl VlHoro 
3apSlAa. n03TOMY, KaK Ka~eT CSl, HapyweHVle T- VlHBapVlaHTHOCTVI .a,on
~HO np VlB OAVlTb K HeB03MO~Hocnl caMO ro "BBeAeHVlSl" aHT VI'1 aCT I!1~ . 
Ha noMHI!1M, "'lTO Ha 5ntOAaeMoe Ha onblTe HapyweHVle KOM5 V1H l!1pOBaHHoVl 
CP- "'leTH OCT I!1 B pacna.a,ax KO-Me30HOB ( eM. , HanpVlMep, / 8/ ) ¢aKTVI
"'leC KVI 03Ha4aeT Hapywe HVl e T-I!1HBapl!1 aHTHOCTI!1 B cna6~x B3aVlMoAeVr 
CTB VlSl X. n03TOMY npe .a,CTaBnSl e TCSl, "'lTO npeA~.a,ywee yTBep~.a,eHVle 

B ne pBYtO 0"'lep e.a,b .a, on~HO OTHO CVlTbCSl K "'laCTVI~aM, y4acTB~VlM 

Tonb KO B 3TVlX B3a VlMo.a,e ~CTBVl Sl X. Ho TaKVlM VI "'laCTVl4aM VI SlS nSltOT CSl 
He~TpVlHO, a OTnVl"'lV1e VlX OT aHTVlKe VrTpl!1HO on peAenSl eTc Sl 3HaKOM 
nenTOHHoro 3apSlAa. Ha OCHOBaH~VI CKa3aHHoro cne.a,yeT O~VlAaTb 

* TIo aH a nOnll1 C 3THM npe,ru,lp;ymHH nop;xop; MOlKe T paccMaTpHBaTb
CH KaK CBoer o pop;a npHMeH e HHe npHH~Hna p;eTaJlbHOr O paBHOBeCHH 
K p;BIDKeHHIO OTp;eJlb HOH t,Iac TH~bl. 

** 
TaK~e TpYP;HO cornaCHTbCH C MHeHHeM, t,ITO c yme cTBoB a HHe 

aHTHt,IaCTH~ Morno 6 WTb npeP; CKa3aHO Ha OCHOBaHHH p;BOHHo ro 3Ha
Ka B ¢opMyn e E = ±[ (p )Z + m2 ] y, . 

KapyweHVlSl 3aKOHa co x paHeH~~ nenTOHHoro 3ap~Aa * B pacna.a,ax 

K ~ .. rr + e+ + Ve 
(7a)

( e = e,/l). 
K ~ .. 17 + + e- + Ve 

(75) 

3TO 03Ha"'laeT B03MO~HOCTb po~.a,eHVlSl B nepBo~ peaK~VIVI COOTBeT
cTBytOWero aHTVlHe~TpVlHo ve VI BO BTOp0Vr - ve. KOHeYHO, eCTb 
VlcKyweH~e AonycTVlTb B03MO~HOCTb "c~nbHoro" HapyweHVlSl 3aKOHa 
co xpaHeHIiISl nenToHoB, KorAa, cKa~eM, B K e 3 -pacnaAax 5y.a,YT 
pO~AaTbCSl v/l(v/l) , VI Ha050pOT. ~YMaeTCSl, "'lTO 
npOBepKa OTMe"'leHHOrO B03MO~Horo Heco xpaHeHVlSl 
pSlAa 5blJla 5bl VlHTepeCHa. 

3.2.3. Ce513b P- u T-onepau,uu, BblTeKatOWaSl 
TenbHocTVI, y~e 05cY~Aanacb paHee / 9 / 

. O.a,HaKo 

B n~50M cnY4ae 
nenTOHHOrO 3a

~3 TeopVlVl OTHOCVI
BB~.a,y Ba~HOCTVI 

3TO~ np05neMbi Mbl KOCHeMCSl ee cHoBa, a C Y4eTOM nocneAH~X pe
3ynbTaToB 3aTpOHeM VI 3apSl.a,oBY~ C-onepa~~~. 

PaccMoTpVlM(nceBAo)cKan~pHY~ BonHoBY~ ¢YHK~VltO ~'(t',x'), 
onVlcbIBa~, HanpVlMep, nOKoSlWVl~CSl 06beKT. npO~3BeAeM (.a,nSl 
"'laCTHoro cnY"'laSl t ' = 0) VlHBepC~tO npocTpaHcTBeHHo~ KOOPA~HaT~: 

tjJ' ( 0 , x') .. +" tjJ '( 0, - x') • 
(8 ) 

C T0"'lKVI 3peHVlSl APyroVr I!1Hep~VlanbHoVr C~CTeMbl OTC4eTa S, AB~~y
l1IeVrc~ OTHOCVlTenbHO ~CXOAHO~ S~ Ha OCHOBaHVI~ npe05pa30BaHVI~ 
nOpeH~a 3Ta npo~e.a,ypa 5y.a,eT B~rnR.a,eTb TaK: 

tjJ(t,x) .. +" tjJ(-t,-x). (9) 

nYCTb , no AaHH~MS~Ha5ntO.a,aTenSl, B pe3ynbTaTe HeKoToporo B3a~
MOAeVrcTBVlSl (npo~ecca) nOSlB~naCb npVlMeCb COCTOSlHVI~, npocTpaH.. 	 CTBeHHaSl "'leTHOCTb (P) KOTOp~X OTnVl4aeTCSl OT VlCXO.a,HOVl. ~Ha"'le 
rOBopSl, B3a~MoAe~cTB~e ~.a,eT C HapyweHVleM P-"'leTHocT~. O.a,HaKO 
C T0"'lKVI 3peHVlSl S-Ha5n~.a,aTenSl nOSlBneHlile npliIMeCHoro COCTOSlHVlSl 
Mo~eT 5~Tb CBSl3aHO KaK C HapyweH~eM npocTpaHcTBeHHo~, TaK VI 
BpeMeHHo~ "'leTHOCTVI VlnVl COBMeCTHoro .a,eVrcTBVI~ 3TVl X ¢aKTopoB. 
B 05~eM cnY"'lae (t' 1 0) npOCTpaHCTBeHHaSl VlHBepCIiISl caMa no ce5e 
C T0"'lKVI 3peH~Sl S-Ha5n~AaTenSl He SlBnSleTCSl KOBapVlaHTHO~ onepa
~~e~. 

50nbwe Toro, BcnOMHVlM npeACTaBneHVle VI x 4epe3 onepa~VlO-
HanbHble KOOPAVlHaTbl t_ VI t + 

= ~ (t_+t+), x = ~ (t + - t_), 	 (10) 

*B TOM lKe cTeneHH, B KaKOM Hapyruae TcH T-HHBapHaHTHOCTb. 
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Ha OCHOBaH~~ ( 10 ) OyeB~AHO, YTO ~3MeHeH~e 3HaKa x 03HayaeT 

nep eX OA K - ~ ~ - t _ , a 3TO, B CBO~ 04epeAb, 03Ha4aeT ~3MeHe


H ~ e H an paBne H ~ ~ B peMeH~ (~HB e p c~~ BpeMeH Ho~ KooPA~HaT~ t ) , 

TO eCT b , no CyT~ Aena, 2-~HBepc~~ . B 06~eM cnY4ae, Hanp~Mep 


B paMKa x "AeKapToBoil1 MOAen~" , 3TO 6YAeT 4-~HBepc~~. XOnl nplII 

3TOM Ka>KeTCSl COBepweH HO HenOHSlTHblM TO, YTO T-IIIHBa pl!1 aHTHOC Tb 

HapywaeTc~ 3Ha4~TenbHO cna6ee P -~HBap~aHTHOCT~. npaBAa, KaKoe

TO 06b~CHeH~e MO>KeT 3aKn~4aTbC ~ B TOM, YTO B3a~MOAe~CTB V1e 3a 

B~C~T OT 06paTH 0ll1 KOOPA IIIH aTbl. TorAa , KaK cneAyeT ~3 (10 ), np~ 


t+ = t_ corna c~Sl C on~TOM A06111TbC Sl B03MO>KHO. Ho TaK IIIn~ IIIHa4e 

(on~Tb >Ke Ka K pe3yn bTaT B Be AeHV1 ~ nM ) cneAyeT rOBop~ T b 0 pen ~


T~BIIICT CKOM oTpa~eH ~~ (R) , TO eCTb CO BMeCTHOI/1 onepa~lII~ PT*. 

0 6p aTIIIM C~ CHOB a K pIII C. 4. npoBetJ,eM o n~ Tb R-onep a~lJ1~, TO eCTb 

nepeil1AeM K (t ' ,X ')- KapTe . Ho,KpoMe Toro, B COOTBeTC TB~~ C C
onepau,lIIe ll1 1113MeH~M HanpaBneHllle "OCIII 3ap~ Aa " , n03TOMY B A 6YAeM 
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~~na peVlHTepnpeT au,lII V1 ~ C yyeTOM pe3ynbTaToB pa3Aena 3.2.1 
Mbl Vl cTonKyeM cooTBeTcTBYKlU1~C;; npo~ecc TaK. Vl3 TO YK~ B( - x' ) B 
MOMeHT BpeMeHIII -t' Bblwna yaCT~~a C 3Hepr Vle il1 E, 3ap~AOM q
~ cn~panbHocTb~ A = -l /Z. Ho 3TO TO, YTO Mbl Ha3blB aeM YaCTL-I
~e il1 . TaK ~M 05pa30M, ecn~R-onepa~~~ np~Bena Hac K aHTIII4aCT~~e , 
TO C-onepa~~~ B03BpaTlllna Hac B ~ CX OAHoe COCTo~ HVle . 

4. 	 3AKnKlYEHVlE 

Ha OCHOBaH~~ onblTOB no Heco xpaHeH~~ 4eTHOCTVI 5blnVl 05cY>KAe
H~ B03MO>KH~e MOAen~ aH~30TponHoro nM (Hanp~Mep, C ~cnonb30Ba
H~eM IneBblx" III "npaBblx" 4acoB). 6blf1li1 pacCMoTpeHbl OCHOBHble 
oc05eHHocTIII reoMeTp~~ (nnaH~MeTp~lII) aH~30TponHoro eBKnVlAOBa 
npocTpaHcTBa. 

C APyrol/1 CTOPOHbl, 5blno oTMe4eHo, 4TO "reoMeTp~4ecKllle" -
cBoil1cTBa 05~4Horo nM B CM~cne Bpa~eHIII~ KooPAIIIHaTH~x oceil1 OTnlll-
4a~TC~ OT cooT3eTcTBYKlU1ero Bpa~eHVI~ B npocTpaHc TBe EB Kn~Aa. 
KaK OAHO ~3 rnaBH~X cneAcTB~iI1 BBeAeH~ ~ nM III AyanbHoro eMY • 
npocTpaHcTBa ~Mnynbca-3HeprVlIII 5~no paccMoTpeHo ABVI>KeHVle 4a
CT~~ Bcn~Tb BO BpeMeH~ C oTplII~aTenbHOIl1 3HeprVleil1. C Y4eToM 
np~H~Vlna peVlHTepnpeTa~~VI 3TO npVlBoAVlT K cy~ecTBoBaHVI~ aHTVI
4acTVI~. npVl 3TOM HapyweHVle T-VlHBaplllaHTHocTIII B K&-pacnaAa x 
AOn>KHO conpOBO>KAaTbC~ HapyweHllleM 3aKOHa coxpaHeHIII~ nenTOHHoro 
3ap~Aa. HaKoHe~, M~ KocHynlllcb B3aVlMOCB~3111 P- III T-OTpa>KeHIIIII1. 

* 05b~HO rO BopHT 0 CHflbHOM OTp~eHHH rrpOCTpaHCTBa-BpeMeHH 
R / 1101 /S CM., HarrpHMep, • 

PYKonViCb 	 nocTyn~na B ~3AaTenbcK~iI1 OTAen 
12 OKT~6p~ 1988 rOAa. 
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