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On Relativ i stically Rota t ing 
Refe r enc e Frames 

CYll\eCTBye T AOCTaT0 4HO 0 6WI-l PHbla:1 Kpyr CT aTe~ , nO CBRll\e HHbl i1t 
penRTI-I BIo1 CTC KOMY onHc a Hlo1 1O Bpall1aTenb Horo ABI-1)f(e HI-IR. Mbl OTCblIlaeM 

41-1TaTenR K ABYM c paBH Io1 Te ll bHO HeAaBH VlM pa60 Ta MIl.21/ CM. Ta KlI<e 131, 
r Ae MO)f(HO Ha i1tTH 6 1-1 6 IlVIorpa$1011O no AaHHo MY Bonpocy. 

HIo1 )f(e B paMKax Hawe ro nOAx oAa , OCHO Ba HHo r o Ha BBeAeHHblX 
npelKAe Ta HreHLll-laIl bHblX np e 06pa30Ba HVl RX 15 1 VI OT IlI-l 4alOll\erOCR OT 
APy rHx H3 BeCTH~X no n~TOK o n Vlc aH VlR p e Il RTI-IB I-I CTCKOro Bpall\e HI-IR , 
M~ paC CMOTpl-1M 0 6 1111-1i1t c n Y4ai1t nepexOAa K peIlR TI-I BI-ICTCKI-I Bpall1a~­
ll\I-IMCR CHCTeMaM OT C4eTa. 

1. CJ.1nbl J.1H EPl\J.1 J.1 

PaHee 6~n lo1 paCCMOTpeH~ peIlRTI-IBMCTCKMe n pe06pa30BaHMR AIlR 

KOOPA Io1 Ha T 14 . 51 

t = (t ' - w r 2c - 2 ¢ , )y, ¢ = (¢' - (;) t ' ) y , 

/ 1/ 
r = r ' = const , Z = Z' = canst , 

y = (1 _ w 2r 2c-2) _II.rAe , 

onVlC~BalOll\Me nepexoA OT MHepLll-laIlbHO~ K-cMcTeM~ K HeMHepLlMaIlb­
HO~ K' - c Mc TeMe , Bpall1alOll\ei1tcR C nocToRHHoi1t yrIloBo~ CKOPOCTblO w 
BOK py r OCI-I z ~ cOBnaAalOlI1ei1t C OCblO Z K-cMcTeM~. nO-npe)f(HeMY 
AIlR HarIlRAHocT Io1 Mbl 6YAeM npeAcTa BilRT b ce6e K '-cMcTeMY B BViAe 
AVicKa /paAVlyca R / , Ile)f(all\ero B nIlOCKOCTVI (x . y), VI n03ToMY, 
B 4acTHocTM, 6 YAe M VlMeT b dz = dz', B CBR3V1 C 4eM AaIlee KOOP­
AVlH a TY z(z'} 6 YAeM 3a4acTYIO onycKaTb. 

npe06pa30BaHI-I R /1/ ooecne4V1BalOT ¢QPM- 1-111101 110peHLI-VlHBapl-laHT­
HOCTb 3IleMeHTapHoro VlHTepBana cdr, KBaApaT KOToporo B LlVlI1V1HA­
pM4eCKO~ CVlCTeMe KOOPAVlH8T VlMeeT BViA 

2 2 2 2 2 2 
C dr = c dt - dr -r d¢ . /2/ 

nOcIleAHVli1t pea YIlbTaT HanOMVlHaeT ¢aKTVl4eCKVI nepeXOA OT oAHOi1t 
I-IHe p Ll lo1 aIlb Hoa:1 CHC TeM~ OTC 4e Ta K APy ro~ B paMKax CneLll-lanb Hoi1t 
- e op lo1 V1 OTHOCVlTeIlbHOCTI-I. CYII1eCT Be HHOe OTIlI-l 4 I-1 e , OAHa KO, 3 a KI1IO­
4ae TCR B TOM, 4TO B AaHHOM C11Y 4ae nepeXo A K K'-CI-I CTeMe CBR3 aH 



C nOABneHHeM CHn HHepUHH. TaKHM 06pa30M, ecn~ B CneUManbHO~ 
TeOpHH OTHOCHTenbHOCTM B OAHO~ CHCTeMe OTc~e Ta AnA cBo6oAHoro 

ABM~eHMA penATHBHCTCKaA CHna 

elu 1 ~_ 0 /3/m- -­
dT 

rAe u i _ dx i elr _ 4-CKOPOCTb, TO H BO BCeX AP y rVl x CHCT CI-I aX OT-

C~eTa c~n a TaK~e paBHa Hyn~. 
nOCKonbKY B paCCMaTpHBaCMOM cn y ~ae 3 TO He Ta K, TO y p a BHe ­

HHe cB06oAHoro AB~*eHHA /3/ B KPV1BonVlHe~H~x KOOPAVl Ha Ta x Aon~­

HO 6~Tb 3aMeHeHO ypaBHeH~eM 

On i _ /4 /
lll-- ~ U 

d; 

rAe Du i - KOBap~aHTH~~ ~nH a6 conDTH~~ AV1¢¢e peHUVl a n Vlnw HHa ~e 


ld:o! x i ,I dx k dx ' / 5/m-- I n, l y - - . - - 0 , 

el i 2 k d ; dr 


' 1rAe 1 ~ - C~MBon~ KpHCTo¢$e nR, 

Ha OCHOBaHVlH $opMynw 


, i 1 im ( a) E 
Ikf ='2 g gmk,e+gmf,k kY,!Il / ' /-b 

rAe g k 0 =og /()x f, Bblpa~alOU\e~ I 'kir 4epe3 MeTpHClecKH~ TeH30p 
m ,t 101( 

g -k ' B cnY4ae 3neMeHTapHoro ~HTepBana / 2/ 6YAeM MMeTb ABe OT­
I '" n~4Hwe OT HynA KOMnOHeHT~ , 

[,21'1 ~ 
/7/

22 =-(' 12 

OTCIOAa B~TeKaeT, 4TO Ha BpaUlalOUlylOcA 4acT~UY Maccw m Ha caMOM 

Aene Ae~cTByeT ueHTp06e~HaA c~na 

d 2 el¢ 2 m__r_ = mr(- ) /8/ 
d T 2 d r 

4TO KacaeTCA Kop~on~COBO~ CMnw, TO ee penATMB~CTCKoe Bwpa­
- - r 2 .. 

~eH~e 6YAeT onpeAenATbCA BTOPO~ Ben~4MHO~ 12 ' 

d 2¢ 2 dr d¢ 
m--=--'-'--' /9/ 

dr2 r elr dr 

B cnY4ae /8/ ~ /9/ nepeXOAAT, o~eBMAHO, B ~3BeCTHwe He-
p enAT~B~CTCK~e B~pa~eH~A. 

2. 06111~E nPE06PA30 BAHVlR 

PaCCMOTp~M 06U1~e npeo6pa30BaH~A ~nA AM~¢epeHu~anoB KOOPA~­

HaT, KorAa & 1 0. Ha OCHOBaH~~ /1/ np~ 3TOM 6YAeM MM e Tb 

elt = (dt' -(Li r' 2c- 2dif'-("f ' c -l1V dr ') y +tv r 'c-2 «vt ' - 4) ') dl' ' )" :3. 

d</> = (d'l, '- u,dt')y j u"l!r'c-2 (';)' - (" t')dr' )' 3, /10/ 

dr '" dr ' , 

nOACTaB~B /10/ B Bblpa~eH~e /2/ AnA KBaApaTa ~HTepBana 14 onyc­
KaA WTP~X~, nonY4~M 

c2 d T 2 = c 2dt 2 1_ 2w I' (wt - 2¢ ) Y 2 Jt dr + 

+ 1-1 +w 2r 2c -2[«LJt _ 2¢) 2_ w2 r 2c -2 ¢ 2]y 4!dr 2 + /11/ 

+2u}r3c-2cfjy2drd¢_r2d¢2_dz2,. 

nOcneAHee Bblpa~eHMe onpeAenAeT c06010 KOBap~aHTHbl.::i MeTpW4eCKMt1 
TeH30p B 06U\eM cnY4ae. npM 3TOM AeTepMMHaHT, COCTaBneHHwi1 143 
KOMnOHeHT gik' AaeTCA BenH4~Hoi1 

2
Ig I = I g ik I '= - c r 2 . /12/ 

Ha OCHOBaH~~ ~3BeCTHOFO paBeHCTBa 

gkgkP ~ ()e
I I 

MO~HO B~4Mcn~Tb KOHTpaBap~aHTHw~ MeTp~4ecK~i1 TeH30p. Ero He­
paBHble HynlO KOMnOHeHTbl 6YAYT HMeTb B~A (c = 1) 

gOO d_w2r2(wt_2(p )2 y 4, g 01 = wr«(:,t-2~6 )y2, g 02 = w 3r2¢y 4, 

, 1 2 2 4 33 /13/gll ~ -1. g12 =_U)2r~»)'2, g22 ~ _ _ _ (j) 4r ¢ y , g = -1. 

r 2 


• Mo~eT nOKa3aTbcA, 4TO MeTp~Ka MeHAeTCA B pe3ynbTaTe 3aMeH~ 
-+ - t M/~n~/ 0-·-</> , OAHaKo np~ 3TOM Heo6xOA~MO Y4~TbIBaTb,2 3

"'3AeCb xO = t, xl=!" x = rp, x =z. 4TO yrnoBaA CKOpOCTb TaK~e 3aBHCIH OT ¢ H t(w = el¢/ dt) . 

3
2 



n pl-1SIle KaR CHosa /6/, nOIlY41-1M 0 6l1\I-1e Sblpa)KeHIo1R AllA CI-1MSOIlOS 

KPI-1C TO~~eIlR, KOTop~e nOIl HOCTb~ n plo1seAeH~ S npI-1IlO)KeHI'I I-1. 3Aecb 

)t(e Mbl Sbln l-1WeM T OIl bKO Te SeIll-141-1Hbi r k~ , KOTopble He paSHbl HYIl~ 
S CIlY4ae t = ¢ = 0: 

r 0 =_ wr y 2, r 1 =_ w2 r y 2 rt02 =(df y 2 ,

12 00 ' 
 /1 4/ 

1 
r 1 = -r y 2 , r 2 =_~ y2 1'2 

22 0 1 r ' 12 

3. 	CKOPOC Tb CBETA. 

BPAll\AIOll\lo1EC.SI 4ACbl ~ MAC WTAobl 


PaHe e 6 blIlO n OKa3 aHO , lj TO TaHreH I..!I-1aIl b H aR CKOPOC Tb CBeTa B pe­

IlRTI-1SI-1 CT CKI-1 Bpall\ a~lI\e~CR CI-1 CT eMe OT Clje Td onpeAeIlAeTCR 06b14HblM 

SHalje Hl-1 eM c . 4TO K a c aeTCR COOT seT CT BY~lI\e~ paAl-1aIlbHO~ CKOPOCTI-1 

C r ' T O AIlR ee o n peAe n e HI-1 .R socnoll bsye MC.R Bblp a)KeHV1e M /1 1/ . . nona­

r a A d T 2,. 0 1-1 paspewa.R n OIlY4eHHoe yp a BHeHl-1e n pl-1 YCJ10 BI-1V1 d ¢ = 0 , 
Ha~AeM 

4 4 - 4 2 4 ) t.4 - - 1 ) 2 J - 1
C r 	 = ± c [ (1 + w r c ¢ y + w r c ((;Jt - 2cp y . /15/ 

TaKV!M 06pa30M, OKa3b1S aeTCR , 4TO / c KameM, AJ1.R wt < 2 r/> / B Ha­

n pa BIleH I-1V! p a AV1yca C r< C, a B 06pa THoM HanpaSIleHI-1V! IC r I MO)KeT 

npl-1H V1Ma T b 3 Ha 4e HV!R. 60IlbwV! e c. C APyro~ CTOpOHbl , ne r KO BV1AeTb, 

ljTO S CIlY4 a e t = r/> =O ICr I =c K aK B TOM, TaK V! B APyro M H a npaBlle­

HV!.RX. Ha nep Bbl~ S3 r IlRA , KameTCR 04e H b CTpa HHblM TO, ljTO e e!lV141-1­

Ha C r ' Ka K V1 V1 CXOAHbl~ ~H Te peaIl /1 1/, 3aSV1 CI-1T OT Spe MeHI'I t 

1-1 y rna r/>. 3Ae c b, OAH aKO, He06xOAI-1MO o6paTHTb BHI'IMaHH e Ha cIleAY~­
lI\e e . A eIlo B TOM, 4TO 4a CbI, Ha XOAAlI\H eCR H a p aS HbiX paCCTO.RHHRX 

OT l..!eHTpa AV!CKa, I'IMeDT pa a Hble nV! He~Hble CKOPOCTI'I, a n 03TOMY 

HAY T n o -pa 3HOMY . 0YAY41-1 CV! HXPOHI-130Sa H HblMI-1 S HeKOTOPbI~ MOMe HT, 

OHH B AaIlbHe~weM Y T p a41-1B a DT 3TO CBO~ C TBO . n pl-1 ljeM paC CI-1 HXpOHH­

3a l..!HR B03paCT a eT CO s peMe HeM , 4T0 6b1 nORCHI-1 Tb 3TO, 0 6pa TI-1MC.R 

K npOCTOMY n pHMe py. PaCC MOT p l-1M A Be / n IlO C KV1 e/ V1Hepl..!l-1allbHble CV1 C­

TeMbl OTCljeTa K 1-1 K '. npH '3TOM K' - CI-1 CTeMa ABl-1lKeT CA CO CKO POCTb lO 

Vx =v OTHOCV1TellbHO K , n p V! 4 eM OC b x ' K ' - CI-1 CT eMbi napaIlIle Il b Ho 

CAB HHYTa OTHOCI-1Tellb HO 0 0 1 x Ha S e Il l-141-1HY {j,y = r . BAOIlb KOOPAI-1­

HaTHbiX oce~ Y KasaHHblX CV! CT eM pa 3 Mell\eH 4 ell bl~ P RA CI-1 HXpOHV! a o ­

BaHHblX CTaHAapTHbiM 06pasoM 4aC OB . n Y CT b B MOMeHT BpeMeHI-1 

t l ( r =0) = - ri c no 4aCdM, paCnOIl(»)K eHH~M B Ha 4 an e KOO PAI-1HaT 

K - CV!CTeMbl, B Hanpa BIleHHI-1 oCV! yey' ) n OCblIlae TCA cseT080i:i cV! r -

HaIl. 4epes BpeMR M = ri c OH AOCT V! r ae T He KOTOPbl X 4 aCOB K ' ­
CV!CTeMbI, paCnOIlO)KeHHblX, CKalKeM , B Haljane ee KOOPA I-1 HaT. n Y C T b 

npl-1 3TOM AllR npOCTOTbi OTMe 4eHHble 4aCbI nOKa3b1BaDT T O )Ke Bp e MA , 

4 T O V1 HaXOA RlI\V!eCR B6IlV!3V! 4a Cbl K -CV!CTeMbl, T.e. tz (r) = 0 . 

4 

T a KV1 M 06paaOM, speMR pacnpOCTpaHeHHA cseT OBo ro cV!r HaIla S AaH ­

HOM cIly4ae 6YAeT COCTaBIlflTb At = t 2(t) -t1(0) : r/c, a CKOpOC Tb c se ­

T OBo ro CHrHalla r/ {j,t = C • 

n YCTb AaIlee 4epea Bp e M.R t nOCIle nOCblIlKI-1 nepBoro Cl-1rH aIl a , 

T .e. B MOMeH T BpeMeH~ t 3(0)= L -r/c, T04HO TaK lKe OTnpaSIlfieT CR 


BTOPO~ Cl-1rHaIl. 3TOT Cl-1 r H aIl AOCTl-1raeT T04KI-1 C KooPA~ H aTaMI-1 


x = 0 , y = r B MOMeHT BpeMeHI-1 t. OAHaKo COOTBeTCTBY~lI\l1e / pacno-


IlO~eHH~e B6n~3~/ 4aCbl K' - C~ CTeM~ 6YA Y T nO Ka a~Ba T b np l-1 3TOM 


epeMR t 4(r) =t / Jl - v2/ c 2 . n03 TOMY B 3 TOM CIlY4ae I-1CKOMbl i:i npOMe lKY­

TO K BpeMe H~ 6YAeT COCTaBIlA Tb 

I\ t 	= t ~(r) - L3 (0) = ~ + t y - t , 

a CKOPOCTb CBeTa C 6YAeT He pa BHa Cec r <c ) 1'1, 4TO ca Moer 

r naBHO e , 3aBV!CeTb OT Bp e Me HV1 t: 


t v 2 -1 

C ':::- c(1 + - -) 


r 2 rc 


Y TO Ka c a e T CR 3aB~CI-1MOCT~ OT y r Ila ¢, TO 3 AeCb c IleAy e T YljeCTb, 

ljTO B n pl-1Hl.\Hne AIlV! Ha Ayrl-1 I-1IlI-1 l.\en04KI-I ynO)KeHHbiX BAOIlb Hee MacW­

Ta6 0 B MOlKeT 6blTb H3MepeHa C nOMOll\ blO paAI-10IlOKal.\1-1 0 HHO r O MeTOAa . 

OAHaKo , nOC KOIlbKY 4aC~,paCnOIlOlKeHH~e Ha pa3H~X paCC TORH I-IRX a T 

Halj ana KOOPAI-1Ha T t = O, ~AYT no-p aaHOMY,Ayrl-l, COOTBeT cTsy~~e OA~­

Ha KO BblM apeMeHHblM I-1HTepsaIlaM,6YAYT HMeTb paaHY~ All~Hy. npI-l4eM 

3TO OTIlV14V! e 6YAeT TeM 60Ilbwe, ljeM 5 0 Ilbwe I-1SMe pReMafi AY ra V! Be ­

n~ lj ~Oia f:..r. 

Ta KI-1M 06pa S OM , 3aS l-l cI-Ho10CT b OT t ( ~¢) ~lH TepBaIl a /1 1/ I-1 n~ 
8b14I-1CIle HHO~ CKOpOCT~ c se Ta / 15/ OfiycIloBIleH a TeM, 4TO 4aCbI , 

pac nOIlOlKe HHble H a pa3H~X paCCTO.RH~RX OT l..! e HT p a Bp all\a~lI\e~CR CV!C­

o TeMbl OTC4eTa, V! A Y T no- pa a HOMY. ctlaKTH4eCKI-1 YlX MOlKHO C4V!T aT b 


CV1 HXPOHYl 30BaHHblMYI Ton bKO B OAV! H MOMe HT B peMeH~ , CKa lKeM , t= O. 

B 3 T OM c -IfY4a e /np V! y cnOBV!~ , 4T O r/>=O TaK)Kel CKOPOCT b c seTa 


1-1 S K ' -CI-1CT eMe 6YAeT o npeAenwTbcfI 06b14 H0!:1 BeIlV! 4~HO~ c, a Bce 


BeIlv!lj~Hbl 65'AY T o m.., CblBaTbCfI Bbl pa>He H V!flM~, I-1 Me~lII¥1MH Ha H60nee RCf';bl~ 

~H3¥1 4e cK~i:i CMbICR . . 


4. 	 P EnRT~ BHC T C KH E YPABHEH~R ~B~mEHHR 

~cnOIlb3YR nOIlY 4 eHHble Bblwe B eIlHlj~HbI r~ 
1 114/, Ha OC HOB aH V! V1 

/ 5/ AIlR peIlATH8H CTC KI-1X yp a BHeHV!~ A Bl-1meHI-1A BO Bpall\aDlI\e !:1cR c~c-
TeMe OT C4eTa 6 Y AeM Yl MeTb 

d 2r d'" 2 dt d'" 2 dt 2 2 
m--,- = mr[ (~) - 2w -.:=x.. + w (-) ]y , 

dr 2 dr d r dr dr 

5 
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d 2 ¢ m dr d¢ dt 2 
m-- = -2- --(-- - w-- y ) , 

d r 2 r dT dT d e 

d 2t . dr d¢ 2 /16/m-- = 2m wf - - y 
d ; 2 dT ciT 

Ha OCHOBe /16/ MO>HHO TaKlKe nonY4i11 T b 06bl4Hbie HepenATiIIBiII CT­
CKl-1e Bblpa>HeHiIIA, nonaraA, HanpillMep,d(,6/ d r = O ill dt / dr, Y = 1. 

5. npE06PA30BAH~~ 3nEKTPOMArH~TH~X BEnM4HH 

OnillpaAcb Ha cne~illanbHble np e 06pa30BaHiIIA /1/, MOlKHO nonY4i11Tb 
¢OPMYJlbl, npe06paaOBaHHbie AnA Illo6blX TeHaopHblx Benill4i11H. B 4aCT­
HOCTiII, AnA HanpAlKeHHOCTe~ 3ne KTpOMarHiIITHoro nonA 6YAeM iIIMe Tb 

E:J.= E ,I.,E' = (E -~H )y, E' = (E + ~H ) y , 
'/' 'f' r r C z z z C r 

/17/
H :1. = H,1. ' H' = (H + ~E )y, H' = (H - ~E ) y.

'f' 'f' r r C z z z C r 

B cnY4ae MeAIleHHoro /ranillneeBcKoro/ Bpa~eHiIIA, CKalKeM, no­
CTOAHHoro ~illnillHAPill4eCKoro MarHiIITa, opilleHTillpOBaHHoro BAonb 
OCiII z, Ha OCHOBaHiIIiII BTOpO~ ¢opMynbl /17/ nonY4i11M, 4TO peaynb­
TaTOM Bpa~eHillfi 6YAeT BoaHiIIKHOBeHille paAillanbHoro 3neKTpill4eCKoro 
nonA 

E ~H 
r c z /17'/ 

nOcneAHee BblpalKeHille MOIKeT cnY)I(iIITb OCHoBOt:1 eCTeCTBeHHoro 06b­
flCHeHillfi iIIaBeCTHOro flBneHiIIA YHillnonApHOH iIIHAYK~iIIiII. C APyro~ CTO­
POHbI, AnR nnOTHOCTiII aapfiAOB (p) ill TOKa (j ¢ ),* TeKy~ero, K npill­
Mepy, no Konb~eBoMY npoBOAHiIIKy paAillyca R , 6YAeM iIIMeTb 

, R 2 -2 .')p = (p _ - W C J¢ y, j ¢ = (j 1> - /.t)P ~ ly /18/ 

iIInH, B 4aCTHOCTM . 

p =p' y , -j , =w p' y . - cp - /18'/ 

*Bbl3b1BaeMoro Bpa~a~~iIIMillcfI 3ne KTpill4 e CKiIIMiII 3apflAaMiII. 

nYCTb np~ 3 TOM nn OTH OC Tb nOnO)l(iIITenbHbl X aapAAoB B YKaaaHHoM 
npoBoAHiIIK e p ~BH a nnOTH OCTiII 3 neKTpoHoB npoBOAiIIMOCTiII, T.e. p ~ - p . 
io rA~ cY MM a pHaR nnOTHO CTb COCTaBiIIT + ­

I' 1 = 1'_ I /' f. - 0 , 

T . C . Ko nbU o 6YA e T 3 n e KT po He t:1T panbHblM. Ha OCHOBaHiIIiII nepBO~ 


$O p My nbl / 18' /, onH c bl B aD~e ~ CBA3b nnOTHOCTe~ Bpa~a~~iIIXCA ill no­

I{O A~ iII xc A aap AAo B, , ' O>H HO 3a Kn D4i11T b, 4TO nocne 3aT y x aHHA TOKa 

B Konbue nnO TH OCTb 3n e KTpOH OB 6YA e T onpeAenRTbCA Benill4i11Hot:1 p '. 


n p ill 3 TOM c yM Ma pH aR nn OTHOCTb yme He 6YAeT paBHa Hyn~, a CO- ­
C T ~ BiII T 

~ ~ 

;! I' I ' 
I' ll - \ ):c. ' • (v r - 1 v 2 /19/_ ' fJ _ _ ~ - - :;- ~ - p ~ --

,_ c ~ 2 - c 2 ' 

rA e v r d - Ap e ~$o B a R CKOPOC Tb 3n e KTpOHOB . npeABaPHT e nbHble 
pe 3ynbTa Tbi nOAo 6 Ho ro o nbi Ta H • nO-BHAHMOMY, rOBopfiT B no nb3 y 
nocn c AH o r o BblBOA~. 

6 . 3AK nl0l.jEHI1 E 

Ta KHM o6pa 30M, o nHcaH~ e penATI-1BiIICTCKoro Bpa~aTenbHoro ABH­
)l(e HHA Tpe6ye T iIIcnonb30BaHiIIA HeeBKnHAoBo~ reOMeTpillill . npill 3TOM 
B p a MK a x YK a 3aHHo~ r e OMeTpillill Ha OCHOBe a6con~THoro AH¢¢epeH­
UH anbHor o iII C4HcneHiIIH YCTpaHfleTCA "¢iIIKTiIIBHOCTb" cilln iIIHepUHH. 
OHM B03HHKa~T " e CTeCT BeHHblM nYTeM" B ypaBHeHillfiX ABHlKeHHfI. Onill­
p a RCb Ha BBeAeHHble HH)I(e TaHreHUillanbHble npeo6paa OBaHHA, Mbi pac­
CMOTpenill 06~He npe06 pa30BaHHR AnA AH¢<llepeH~illanOB KOOPAHHaT. 
npH 3TOM 6blnH nonY4eHbi BblpalKeHI-1A AJlR MeTpH4ecKo ro TeHaopa 
H CiIIMBonOB KpHCTO¢$enR, a Ha iIIX OCHOBe - penfiTHBillcTcKHe ypaB­
HeHHA Bpa~aTenbHoro ABHlKeHHA. B peaynbTaTe paccMoTpeHHA nOBe­
AeHHA Bpa~a~~HxcA 4aCOB ill MacwTa60B nOKaaaHO, 4TO CKOPOCTb 
CBeTa BO Bpa~a~et:1cA CHCTeM e OTC4eTa onpeAenfleTCfI <llaKTH4ecKH 
06b14HOH BenH4HHOH C. nonY4eHbI TaK)I(e cneuHanbHble npe06paaOBa­
HHA AnA 3neKTpoMarHHTHbix BenH4HH. 

np~nOlKEH~E 

06~ille BbipalKeHHA AnA CHMBonOB KPHcTo<ll<llenA 


~ O 3 2 4 ~ O 4 3 6 

I · 00 = W r °1 Y I 01 = W r °1 °2 Y 


- 0 2 2 4 0 4 4 4 2 -2 1
102 = - (0 r ° 1 )' , =w0 1 Y (1-2w r c,6 +202+ ¢ Y ,r 11 

r o 2 a 3n (n 2 2~) 6 r O ?~ 4
12 = - w r y - (,J r "t U 2+ w r 'f' y , 22 = w r,,11 Y ' 
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1 1 I ' l =_w3 r2 n y 4 " 1 2=_ U) 2 ry 2 	 '02 =(dry00 '01 2 

1 (,1 4322 2 6 , 1 2 2 2
111 =-w 	 r (w t + ¢ )y , r 12 =w r n2 y r 22 = - r y .. 

~ 2 4 	 2¢ 4 )' 2 w 2 5 3 - 6
00 	 = - w r }" 0 1 = - - y - w r 1) n 2 y

r 

r 2 3 2 4 2 2 4 64 2 8 
02 =w r ¢y , r ll =-w (2wt- ¢)y -w r ¢ rl2Y , 

2 1 	 43 (J 2 2 2 4 
r = -+w r ¢n2 y , r 22 =-w r ¢y ,

12 r 

rAe n 1 =wt- 2¢ , n 2 = wt -¢, c=l. 
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