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BBE.llEHI1E 

KOHI~em]JiH peJIHTIiBIiCTCKOH JJ.JIIiHhI (KP.ll) 6hma ccf>OPMYJIHpOBaHa 

B aasane 60-x rOJJ.OB. Ilo cyurecrny OHa OCHOBhIBaeTCH aa OTJIliqHOM OT 

Tpa.u.I1I~IiOHHOro ortpenerreaaa nOHHTIiH pasr-repoa 6hICTpOJJ.BIi)l()7mIiXCH 

06'beKTOB, B qaCTHOCTIi, IiX npO,D;OJIbHhIX pasraepoa. Ilpa 3TOM 1i3MepliTeJIb

HaR nponenypa õaaapyerca aa 1i3BeCTHOM JIOKaI~IiOHÃOM MeTOJJ.e 1i3MepeHIDI 

paCCTOHHHH. CJIeJJ.CTBlieM KP.ll HBJIHeTCH peJIHTIiBIiCTCKaH "cf>0pMYJIa YJJ.JIIi

HeHIiH". 

TeCHYIO B3aHMOCBH3h "epOPMYJIhI YJJ.JIIiHeH~'iH" C peJIHTlIBIiCTCKIiM 

3aMeJJ.JIeHlieM aper-rena MQ)KHO crnrrart, npHMhIM CJIeJJ.CTBlieM eJJ.I1HCTBa 

npOCTpaHCTBeHHO-BpeMeHHoro KOHTIiHYYMa, HBJIHlOmerOCH, B CBOIO osepezu., 

OCHOBOH Teoplili OTHOCIiTeJIbHOCTIi . 

KP.ll acrpernna B caoe BpeMH CIiJIbHhIe B03pIDKeHIiH. OKa3aJIOCb, OJJ.

HaKO, qTO C ee noxroursro YJJ.aJIOCb paapeunrrs pHJJ. 1i3BeCTHhIX ;'napa;J,OKCOB" 

reopaa OTHOCIiTeJIbHOCTIi, JJ.a li aooõnie ycrpamrn, TPY}J.HOCTIi, B03HliKIlIlie 

npa peJIHTIiBi13aUIiIi paanaxasrx 06JIaCTeH KJIaCCliqeCKOH cP1i31iKIi. TeM ae 

MeHee, 3Ta no CYTIi JJ.Ma HOBaR aaxoaor-repnocr's OCTaeTCH norca B TeHH. 

Bo acex MOHorpacf>IiHx no reopaa OTHOCIiTeJIbHOCTIi, JJ.a li B JII06hIX YQe6

HIiKax no cf>1i31iKe pexs aner o JIOpeHueBOM coxpautenaa. 

B npennaraer-roã trnTaTeJIIO nepaoü qaCTIi He6oJIbIlIOrO 0630pa CYMMIi

PYIOTCH OCHOBHhle pe3YJIbTaThI oparnaansnsrx pa60T, xacarouiaxca KP.ll 

li ee npliMeHeHIiH B KJIaCCliqeCKOH cf>1i3IiKe. 

1. KOHUEIlUIDI PEJIflTI1;BI1CTCKOt1 .llJII1HhI .
 

"<1>0PMYJIA Y .llJII1HEHIDI"
 

1.1. OnpeiJe.rteHue nOHRTUJl peIlRTU8UC1'C1-COU iJ.rtUHbl. HeTpaJJ.I1IUiOHHOe 

onpeJJ.eJIeHlie nOHHTIiH peJIHTIiBIiCTCKOH )l.JlIiHhI OCHOBaHO Ha JIOKauliOHHOM 

MeToJJ.e 1i3MepeHliH paccToHHIiH. B ero paMKax, HanpliMep, JJ.JIIiHa 6hICTpO 

JJ.BIi)l()7merOCH BJJ.OJIb CBoero MaKCIiMaJIbHorO pa3Mepa CTep)f(HH onpeJJ.e

JIHeTCH Cpe}J.HIiM paCCTOHHlieM, npoHJJ.eHHhIM CBeTOBhIM ClirHanOM B npH

MOM li 06paTHOM HanpaBJIeHIiHX no CTep)f(HIO, T.e. OT OJJ.Horo ero KOHua 

(A) JJ.O JJ.Pyroro (B) li o6paTHo. TIpli 3TOM npoueJJ.ypa 1i3MepeHliH BpeMeHIi 

pacrrpOCTpaHeHIiH CBeTOBOrO ClirHana TO)f()1,eCTBeHHa cooTBeTcTBYlOmeH 

npoueJJ.ype, cJIY)Kamej1 JJ.JIH npoBepKIi cf>OPMYJIhI peJIHTIiBIiCTcKoro 3aMeJJ.

JIeHIiH BpeMeHIi. <1>aKTliqeCKIi Ha OCHOBe nOCJIeJJ.HeH cf>OPMYJIhI MhI li nplixo

JJ.IiM K "cf>0pMyne YJJ.JIIiHeHIiH" )l.JlH np0,lJ,OJIbHhIX pa3MepoB. ECJIIi, HanpliMep, 

cTep»<eHh JJ.BIi)KeTCH co el.5.gp~T2..19..v.....cJI.e.Ba-HaIIpaBO BJJ.O~b OCIi x (pIiC. 1) , 
i. O<fhtI:.h.lt ...<,ik.~i &~~cnrrYT \
 
' o~n"'~S3~Z DC.C .'~.t!oalud 1
 
I h~1SflHaTEK.A 



TO BpeMH onpenenaerca no .n;BYM3-. qaCaM, rcoropsre aaxozranacs y rre
... ...-::;;-- .~ Boro KOHua CTep)ICHH (A H A'),
..A .;{. B B MOMeHT OTnpaBJIeHHH (t 1) H
 

npaexra (t 2) CBeTOBoro CHrHaJIa.
 
COOTBeTCTBeHHO B CHCTeMe noKOH
 

Puc. 1. Cxeua U3MepeHWl PeJlJlTU6UCTCKOÜ cTep)J(HH (SO) MOMeHTbI ornpaa

õnuuu, neHHH 11 npaeraa t ~ H t ~ H3MepH


IOTCH no O,n:HHM qaCaM ~y neaoro
 
KOHQa CTep:>KHH). Ilpn 3TOM ztrraaa .n;aRHOrO nOKOHmerOCH CTep:>KHH aaxo


~,nHTCH c rror-roursro H3BeCTHOU <popMynbl 

o O O O e = c(t 2 - t 1)/2 = c á t /2. (1.1) 

B nomroxr COOTBeTCTBMH c 3THM nnaaa .n;aRHOrO CTep)KHH B S-CHCTeMe (rne 
OH .n;BH)KeTCH), T.e. ero penHTHBHCTCKaR .n;JIHHa, onpenenaerca BblpIDKeHHeM 

f = c(t 2 - t 1) /2 = c ~ t/2. (1.2) 

Ilorrsepxaer-r, lffO aaeneaaoe TaKHM 06pa30M orrpenerreaae B cornacaa 
c npHHUHnOM OTHOCHTenbHOCTH .n;eUCTBHTenbHO ae asrnenaer KaKHe-nH60 
CHCTeMbI OTCqeTa nepen npyrnraa, nOCKonbKY aaõmonarena paanasasrx 
CHCTeM, MorYT rronsaonarsca O.n;HHM H TeM xce CBeTOBbIM CHrHaJIOM .n;JlH 
H3MepeHHH )l;JIHHbl ztaaaoro CTep)KHH;. BMeCTe c TeM OqeBH.n;HO, qTO npenrro
)KeHHOe onpeneneaae eCTeCTBeHHblM 06pa30M BKnIOqaeT B ceõa KaK uacr
HblU cnysaã H onpeneneaaa nOHHTHH .n;JlHHbI nOKOHmerOCH CTep)KHH. 

Ilpaanexaa ztanee j:>opMyny penHTHBHCTCKoro 3aMe.n;JIeHHH BpeMeHH 
(~t = ~ tOy) ,HaH.n;eM/ 

e = f O 
y (rpopvryna y.n;nHHeHHH) , (1.3) 

2,. - 1/2 
rne y - rropenn-diaxrop, y = (1 - f3) ',f3 = v/c. A 3TO osnasaer, 
lffO npenncxceaaaa npoueztypa H3MepeHHH nrmasr õyner CBH.n;eTeJIbCTBOBaTb 
B nonsay ynnaneaaa (a ae co xpanreaaa) npononsnsrx paaxrepoa 6bICTpO
.n;BH)J(ymHxcH 06'beKToB. 

OTMeTHM, qTO yxaaaaasre zmoe qaCOB B S-CI1CTeMe 6ynYT OTCTOHTb 
npyr OT npyra na paccroanae ~ x = xÁ. - x

A 
= 2f3 f . MO)KHO orpaaanars

CH O.n;HHMH qaCaMH (A), HO .n;JlH aroro ireoõxornoaa nOCbIJIKa zrononmrrens
HbÍX CHrHaJIOB c TOH xce UeJIblO: onpenenenne BpeMeHH npaxona acxonaoro 
CHrHaJIa B T. A' , lffO H nnmocrpapyer pHC. 1. 

3.n;ecb Mbl XOTHM 06paTHTb BHHMaRHe tia cnenyrouiee. BpeMeHH- H npOCT
paacrneaaonoztofiasre aercropsr, orracsraaroume nOBe.n;eHHeMaTepHaJIbHblX TeJl, 
xapaKTepH3YlOTCH TeM, lffO B e.n;HHCTBeHHoH CHCTeMe OTCqeTa (O) HX npo
CTpaHCTBeHHble liJIH aper-renasre KOMnOHeHTbI eOOTBeTCTBeHHO paansr HynIO. 
C zrpyroã CTOpOHbI, cpenn MHO)KeCTBa HHepUHaJIbHbIX CHCTeM c06CTBeHHaRO . 
CHCTe~a S ,B onpeneneaaowr CMbICJle TaK)Ke HBnHeTCH BbI.n;eneHHoH. QT06bI 

2 

H36e)KaTb Tpy.n;HOCTeH H napaztorccon " , He06xo.n;HMO O-CHCTeMY OTO)K.n;eCT
BnHTb c c06CTBeHHoH. Ilpn 3TOM diopvryna npe06pa30BaHHH .n;JIH nlO60H ae
JlHtrnHbI A, onacsraaer-roü YKa3aHHbIMIi' BeKTopaMH, 9iS.n;eT, noztoõao (1.3), 
coziepacars B npasoü qaCTH npoasaeneaaa A(O~(a ae A( y-1) . 

1.2. Buouscue pasuepv: 6blCTPOÓ8U:JICYUf,UXCR 06'be1<:To8. B paCCMOT
penaor-r nOKaIJ;HOHHOM r-rerone H3MepeHHH peJlHTHBHCTCKOU )l;JIHHbI CBeTO
B~U CHrHaJI B nanpaanenaa .n;BH)KeHHH CTep)KHH "noroaaer" ero rrpansrá 
KOHen. B 06paTHoM nanpaaneana rrensrü KOHeI~ CTep:>KHH .n;BH)KeTCH Ha
acrpesy CBeTOBOMY CHrHaJIY. <PaKTHqeCKH c aHaJIorHqHhIM nOJlO)KeHHeM 
MhI HMeeM neno , xorzta CJle~HM aa H3MeHeHHeM BH.n;HMhIX pasvrepoa 6hICT
pormaacyuraxca rerr. Crporo ronopa, snecs nonpaayr-reaaerca, qTO YKa3aH
m.re npononsnsre pasr-repst BH.n;HT TOqeqHhIH naõmónarens. BH.n;HT - 3TO 
3HalIHT, lffO OH OAHOBpeMeHHO qmKcHpyeT CHrI-laJIhI, rcoropsie 6hIJIH ncny
ruem-r B paanasasre MOMeHThI BpeMeHH, CKIDKeM, KOHuaMH CTep)KHH. Tarcoà 
MexaHH3M "BHneHHH" neuCTBHTeJlbHO nozrraepxcnaerca pe3YJlbTaTaMM npa

/3/ ' MhIX OnhITOB M ..IllOre no <pOTorpa<pHpOBaHHIO CBeTa na JleTY . Ha npax-
THKe Ha6J1IO.n;aTeJIb, Haxo.n;HmHHCH, nanpnxrep, B6J1H3H nYTH .n;BH)KeHHH 
CTep:>KHH, õvner BH,U,eTb y.n;JIHHeHHhIU B (1 + f3) Y pas npH6J1H)KaIOmHUCH 
crepzcem, H COKpameHHhIH B (1 - 'f3 ) y paa nporrereamaá crepxceas 
H T..n;./2.4/ . Ilpn 3TOM cpenaaá BH.n;HMhIH paar-tep ôyzter onpenenrrrsca 
HMeHHO "rpopxrynoü y.n;JIHHeHHH" (1.3) 

1 O O O
e=-[(l+f3)e y+(l-f3)e y]=f y. (1.4)

2 

.IleTaJIhHOe O6c"y)K.n;eI-me peJlHTHBHCTCKHX 3<p<peKTOB BH3YaJIbHOrO 
BocnpHHTHH <POpMhI .n;BH)KymHxcH 'rerr , ae CBOMmHXCH K rropeaueay co
KpameHHIO, MO)KHO HaHTH B crarse E.M.EoJlOTOBCKoro /5/. 3.n;eCb cyuiecr
BeHHO TO, lffO -npoueccsr BH.D;eHHH HnH rpororparpapoaaaaa .n;BH~!-UHXCH 

06'beKTOB no CYTH zrena npe.n;CTaBnHIOT C060H Mo.n;H<pHKaUHIO nOKaUHOHHO
1'0 r-rerozra H3MepeHHH. 

KpOMe Toro, ,llJIH nansneãmero oc06eHHO BIDKHO, qTO npouecc BH.n;eHHH 
CBH3aH co B3aHMo.n;eUCTBHeM H:3nyqeHHhIX CBeTOBhIX CHrHaJIOB (B KOHeq
HOM csere - <pOTOHOB) c Ha6J1IO.n;aTeJleM HnH perHCTpHpYlOmHM npH60pOM. 
l1Hh~MH cnOBaMH, orr-reueaasre "BH.n;HMhle" pasr-repsr .n;OJl)KHhI OTpIDKaTb 
car-t xaparcrep B3aHMo.n;eHCTBHH (B ,U,aHHOM crtysae - 3neKTpOMarHHTHoro) . 
Bo06I.l\e MO:>KHO CKa3aTb, lffO no COBpeMeHHhIM npencraarreaaar-r B OCHOBe 
Mexéu-tH3Ma 3neKTpOMarHHTHbIX, TaK xce, KaK H CIDIbHhIX B3aHMo.n;eUCTBHl1, 
ne)KHT <t>aKTHqeCKH nOKaUHH (IDIH "BH.n;eHHe") c nor-routsro <pOTOHOB H 
rnlOOHOB cOOTáeTCTBeHHO. 

1.3. KPJJ. - OCH08a "acunxponnoü ç{J0PMYIlUP081<:U". B par-ncax serr,r
pexvrepaoro rtpencraaneaaa peJlHTHBHCTcKaH nrmaa npencraanaer c060u 

*A 6 KOHe'mOM csere - npOTU60pellUÜ npUH14Uny OTHOCUTeJlbHOCTU. 

3 



BeJIHqHHY npOCTpaHCTBeHHOH qaCTH nOJIypa3HocTH ,II;BYX 4-BeKTOpOB x.n ,' 
= 0,1,2,3), onHChlBalOI.I.J;HX npoueccsr pacnpocrpaaenaa CBeTa B npRMOM 

( ~A ~ H 06paTHOM (XB A) HanpaBJIeHHRX B,II;OJIb CTep)KHR. IlpH 3TOM B CHCTe

Me nOKOR CTep)KHR 6Y,II;eM HMeTb 

° ° ° °(O)X:ABCE Ic, E ,0,0), (O)X Bl E / c, e , 0, O). (1.5a,6) 

Ha OCHOBaHHH CneUHaJIbHhlX npe06pa30BaHHH JIopenua ,II;JIR S -CHCTe

Mhl HaH,II;eM 

[ , o ° ~AB (1 + f3)g y/c, (1 + f3)E y, 0,01, (1.6a) 

,'0 o 
XB: [(1 - f3 ) E y / c. (1 - f3) E y, O. OJ. ( 1.66)

A

B peayrrsrare ,II;JIR BeJIHqHHhl X = (XAB - X B.A)/2 6Y,II;eM HMeTh COOTBeT

CTBeHHO 

(O) ° X (O ,e . o, O). (1.7) 

X(f3E ° y, Eoy, 0, O). (1.8) 

Ho asrpaaceane (1.7) <paKTHqeCKH YKa3hIBaeT na TO, qTO peJIRTHBHCTCKYlO 

,II;JIHHY E MO)l(HO rronymrrs TaK)Ke, eCJIH, aanpar-rep, BOCnOJIb30BaTbCR ,II;JIR 

ee onpe,II;eJIeHHR pacnOJIOJKeHHhlMH na rcoauax ,II;aHHOrO CTepJKHR HCTOqHH

KaMH, xoropsre O,II;HOBpeMeHHO (c TOqKH 3peHHR So) HcnYCKalOT CHrHaJIhI. 

TaKHM 06pa30M, 3,II;eCb Mhl TO)Ke HMeeM caoero pO,II;a MO,II;H<pHKaUHlO onpe

,II;eJIeHHR peJIRTliBHCTCKOH ,IJ;JIHHhl, XOTR npa 3TOM, OqeBH,II;HO He06xo,II;HMO'
d 

anpnopaoe 3HaHHe Toro, qTO HCTOqHHKH "BcnhIXHBalOT" B S ,II;eHCTBI1TeJIb

HO O,II;HOBpeMeHHO. 

B He,II;aBHee BpeMR no,II;XO,II;, CBR3aHHhlH c HCnOJIb30J3aHHeM B xaxecr
ae <POPMYJIhl npeoõpaaoaanaa ,II;JIR (npO,II;OJIbHOH) ,II;JIHHhl asrpazcenaa (1.3), 

06CYJK,II;aJICR B pR,II;e pa60T /6 - 9 ( oc06eHHO B par-ncax TaK Ha3hlBaeMOH 

"aCHHxpOHHOH <POPMYJIHpOBKH" /10- 13/* . O,II;HaKO, eCJIH 06I.I.J;enpHHRToe 

onpenenenae OCHOBhIBaeTCR Hà KOHKpeTHOH 3HHIllTeHHOBCKOH npoueziy

pe H3Me~eHHR ,II;JIHHhl ,II;BHJKYI.I.J;erOCR CTepiKHR ,TO B UHTHpOBaHHhlX 

paõorax 6- 13/ (sa HCKJIlOqeHHeM /10, lV) npouenypa H3MepeHHR BeJIH

qHH, BXO,II;RI.I.J;HX B ynoMRHYTYlO <P0PMYJIY, Bo06I.I.J;e ae paCCMaTpHBaJIaCb. 

Bonsuie Toro, car-ta no ce6e "acaaxponaaa <POPMYJIHpOBKa" B npHHUHfIe 

ne MOJKeT ,II;aTb H3MepHTeJIbHYlO npOue,II;YPY BO S 6e3 CChIJIOK na ztpyryio 
SO -CHCTeMY, qTO asrssmaer qYBCTBO HeY,II;oBJIeTBOpeHHocTH. He 3THM JIH 

li 06'bRCHReTcR B03Bpar K Tpa,II;HUHoHHOMY no,II;XO,II;Y / 13/? Ho B par-ncax 

. ° * Cuucn nocneõueeo lU138aflUJl 3aKIlIO'laeTCR 8 TOM, 'lTO, C021laCflO (1.8), X .::J O, 
T02ôa KaK 8 pautcax oõiuenpuunroeo onpeàeneuun ànuuu Ô8UJICYUle20CR crepscnn XO =0 
F'cunxponnas ffiOPMYllup08Ka"). 
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JI1060H nOCJIe,II;OBaTeJIbHOH <pH3HqeCKOH reopan ,II;aHHYlO BeJIHqHHY MOJKHO 

cxarars onpe,II;eJIeHHOH, eCJIH TOJIbKO yrcasansr KOHKpeTHhle onepauaa, c no

MOI.I.J;blO KOTOphlX H3MepReTCR 3Ta Be.rmqHHa. PaCCMOTpeHHaH B n.1.1. npo
uenypa H3MepeHHR J(JIHHhl, OCHOBaHHaR na HenOCpe,lJ,CTBeHHOM HCnOJIb30Ba

lIHH qaCQB H CBeTOBhlX CHrHaJIOB, KaK pas ,II;aeT TaKOH peuerrr ,II;JIR onpene
JIeHHR EO H e. TOJIbKO nOCJIe sroro MaTeMaTHqeCKaR rpopr-ryna (1.3) npH06

peraer <pH3HqeCKHH CMhICJI. 

1.4. Teossetpuuectcoe UCTOJlK08aHUe KP,lJ,. HarJIR}J.HhlM reOMeTpHqeCKHM 

HCTOJIKOBaHHeM CYTH KP,U CJIYJKHT pHC. 2. Ha HeM CHCTeMa KOOp,II;HHaT 

(ct , x) onpenenaer S -CHCTeMY; ,II;BHJKYI.I.J;HHCR CTepJKeHb npe,II;CTaBJIReTCR 

MHpoBOH nOJIOCoH. Ilpaasrá xpaã nOJIOChl xacaerca KaJIH6pOBOqnOH rnnep
60JIhl, ypaaneaae KOTOpOH B rrapaxrerpaxecxoã <popMe HMeeT BH,II; 

c t = f Osh J.... x=Eoch L c • (1.9)c ' 

3,II;eCb, KaK H asnne, E - c06cTBeHHaR ,IJ;JIHHa CTep)KHR, Y - õsrcrpora CTepJK° 
HR. Cseroasre JIHHHH x = ct H x = - ct - aCHMnTOThl ranepõorrsr, oa 
HOpMaJIblIOe cexenae nOJIOChl, o a = oa o = EO • IlpoeKUHR 3TOH BeJIHqHHhl 

na OCb x H onpezierraer peJIRTliBHCTCKYlO ,II;JIHHY 

E = oa r = E° ch L = r° y. 
c (1.10) 

oa 1 xaparcrepaayer npOCTpaHCTBeHHO-BpeMeHHYlO KapTHHY pacnpocrpaaeaaa 

CBeTOBoro caraana B,II;OJIb CTep)KI-{R B HanpaBJIeHHH ero ,II;BHJKeHHR, a la 2- B 

06paTHOM HanpaBJIeHHH, a HX npoexuaa na OCb x - COOTBeTCTBYlOI.I.J;He pac

CTORHHR: 

E1 = oa,1= oa r + aa r = E ° (ch CY + sh CY ) = E °(1 + (3) y, 

(1.11) 

P 2= oa'3 = a ~ a'l = oa r - aa r = E• (ch ~ - sh ~ ) = E°(1 - f3) y. 

OTClO,II;a JIerKO BH,II;eTb, qTO peJIRTHBHCTcKaR ,II;JIHHa oa r RBJIReTCR ,II;eHCTBH

TeJIbHO Cpe,II;HHM apH<pMeTHqeCKHM BeJIHqHH oa ' 1 H oa'3' KaK KaJKeTCR, 3TOT 

pe3YJIbTaT orpascaer TOT <paKT, qTO OTpe30K KaCaTeJIbHOH K PHnep60JIe 

MeJK,II;Y aCHMnTOTaMH ,II;eJIHTCR TOqKOH KaCaHHR nOnOJIaM. OTMeTHM TaKJKe I 

qTO OTpe30K oa ~ npe,II;CTaBJIReT C060H pa3HOCTb ynoMRHYThlX paCCTORHHH 

(1.12)oa'2= oa - a~a"l= 2EOsh ~ = 2E0f3y
1 

H OnHChIBaeT paCCTORHHe, npOH,II;eHHOe JIeBhlM KOHUOM CTepJKHH C MOMeH

Ta nOChIJIKH ,II;O MOMeHTa npaer-ra CBeTOBoro carnana. OCH ctn, X xaparco 
TepH3YlOT c06CTBeHHYlO CHCTeMY CTepJKHH, npn 3TOM OCb X coananaer o 
c HOpMaJIbHhlM ceseaaesr MHpOBOH nOJIOChl CTep)KHR. 
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TaKMM o6pa30M, KaK ,oCO

6eHHo HCHO M3 pHC. 2, peJIHTH

BHCTCKaH .n;JIMHa onpenenaerca 
JIMHUeH, opTOrOHaJIbHOH MHpt>

BOH nonoce CTep)f(HJI, He3aBM<, CMMO OT CMCTeMhl OTCqeTa, rorna 
-,	 

/ 

Y .,1'" --,X 

/
/ 

c.t 

-, 
KaK B paxncax 06I.IJ;enpMHHTO

ro onpenenenaa nsrõop YKa3aH

HOH JIHHHH c Heo6xo.n;HMOCTblO 

06YCJIOBJIeH CMcTeMOH OTCqeTa. 

I1MeHHo n03TOMY M3 .n;BYX onpe
.n;eJIeHMH JIMIllb nepaoe y.n;OBJIeT

aopaer npaaüany OTHOCMTeJIb

HOCTM, nocrcom.xy 3aBMCMT/. 
TOJIbKO OT 3neMeHTOB MMpOBOH 

nOJIOChl CTep)f(HH. B TO )f(e 

BpeMH Tpa.n;MUMOHHoe onpene
JIeHHe, 3aBHCHI.IJ;ee OT asrõopa 
CHCTe'Mhl OTCqeTa, 3TOMY npaa

PuC. 2. Feouetpuxecxoe UCTOJlK08a1We KPll. UHny He y.n;OBJIeTBOpHeT * . 

/ 

2.	 KOHUETIUI1H PEJIHTI1BHCTCKOfI nJII1HhI
 

B KJIACCI14ECK0l1 <1>11311KE
 

2.1.lIoreltl-lUaJlbl JI.ueltapa-Buxepra 115/. PaCCMOTpHM asrpaxceane .n;JIH 

nOTeHUHanOB nOJIH, coanaaacr-roro npOH3BOJIbHO .n;BH*yllJ;l1MCH TOqelllihIM 

3apH.n;OM 

e 4. ef3
·4 

cp ~, A=:~-.	 (2.1 ) 
R-f3R R-f3R 

rne li - pa.n;MYC-BeKTOp, npoaenenasrã H3 TOqKH HaxO)f(,IJ;eHHH sapana (P) B 

TOqKY Ha6mo.n;eHIDI (O) . 
TIYCTb JUlH npOCTOThl .n;BH)f(eHHe. sapana npoacxornrr B.n;OJIb OCH X (8

CMCTeMa) , a nac HHTepecyeT saaseaae nOTeHUHaJIOB B onpenerreaaoâ ToqKe 

aa YKa3aHHOH OCH. TIpH 3TOM .n;eHCTBHe npH6JIM)f(aIOmerOCH aapaaa õyner 
onpenenrrrsca nOTeHUHaJIaMM 

e 
A'== ef3 ,A'==A'==O. (2.1' )cp '.== X( 1 - (3) x X (1 _ (3) Y. z 

COOTBeTCTBeHHO .n;JIH nponereaurero sapana HaH.n;eM 

e	 ef3A" x A"Y A';==O.	 (2.1" )
cP" = X(1 + (3) , X(l + (3) 

1
~YMMapHoe .n;eHcTBHe .n;BMJKymerocH sapana MO/KHO onacars, BBO.n;H cpen
HMe 3HaqeHMH nOTeHUHaJIOB 

e	 ef3?>	 (2.2)X(l -132)' Ã X(l - f32) 

0 
TIpM 3TOM B co6cTBeHHoH CHCTeMe OTCqeTa (8 ) , rrre .n;aHHhIH sapan nOKO

MTCH, 6y.n;eM, OqeBM.n;Ho , HMeTb 

- e 
~(O) _ Ã(O) == O (2.2' ) .
'fi - x •XCü)' 

Ecna reneps Mhl BOCnOJIb3yeMcH Q:>opMYJIaMH npeo6pa30BaHIDI .n;JIH 

nOTeHUHanOB, TO. HaH.n;eM asrpaaceane 

(O)
X == X y,	 (2.3) 

onacsraaroutee 3aKOH npeo6pa30BaHIDI paCCTOHHHH Me)f(,IJ;y TOqKaMH P H O 
npn nepexone OT co6CTBeHHOH CHCTeMhI OTCqeTa 8 O K Scacrevre. OqeBM.n;HO, 

qTO nOJIyqeHHOe astpaxceaae - 3TO YJKe 3HaKOMaH HaM "Q:>opMYJIa y.n;JIMHe-

HHH" (1.3) . . 
TaKHM o6pa30M MO)f(HO CKa3aTb,qTO KJIaCCHqeCKaH 3JIeKTpo.n;MHaMHKa 

no cyritecrny coriepxcar KPn B CBoeH CTpYKType. 

2.2. "lIapaào"Kc" npRMOY20llblt020 pbl~a2a Jlmouca-Tonseena /16, 17/. 

CYTb 3TOH H3BeCTHoH npofiner-n.r 3aKJllOqaeTCH B nOHBJIeHHH KpYTHmerOCH 

MOM~HTa (N 12 f- O) B CHCTeMe OTCqeTa (8) ,r.n;e yrOJIbHHK ,.n;Bml'<eTCH, rorna 
KaK B ero co6cTBeHHoH CHCTeMe 8 o 

N(O) == X~O)F(O) _ X(O)F(O) == O (24) 
12 1 2 2 1 • . 

3.n;ecb X \0) H X (~) - nnexa psrsara, nanpaaneausre B.n;OJIb oceii x M Y COOT

BeTCTBeHHO; F~O] H F(~) - npanoaceaasre K HHM CMJIhI. TIpH 3TOM .n;JIH 

npOCTOThI BepIllMH8- yrOJIbHHKa Haxo.n;HTCH B aasarre tcoopnaaar , X (P) == 

1 
O == X ~O)== e H F i ) == F ~O) = F O • C yseror-r Q:>OPMYJIbI rropeaueaa corcpa

meHHH 

X == X(O) -1 11 X == X (O) (2.5a,6)1 1 Y 2 2 ' 

a raxzce Q:>OPMYJI npeo6pa30BaHIDI KOMnOHeHT peJIHTHBMCTCKOH CMJIhl
* B stoü C8Jl3U CM. TaKJfCe I 14 ( 

6	 7 



F =	 F(O) F (O)
H F	 (2.6)1	 1 Y 2 2 ' 

neücraarensao Hall,ll;eM 

O -1 O O O 2 O O
N =X F -XF =e y F - e Fy=-se F y:Jo. (2.7)

12 1 2 2 1 

O,ll;HaKO rarcoe nOJIO)KeHHe, xorna Y cacrevrsr, aaxonameãca B paaao
BecHH, TeH30p MOMeHTa CHJI (N i k) OTJIHqeH OT HYJIH, npornaopeuar npan
IJ;Hny OTHOCHTeJIbHOCTH, zra H npOCTO 3,ll;paBOMY CMbICJIY. Il03TOMY norpe
6yeM 06pameHHH B HYJlb N i k, r.e., B qaCTHOCTH, BbmOJIHeHl1H: paBeHCTBa 

N 12 =	 o , (2.8) 

OTKY,ll;a c yuerovr (2,56) H (2.6) ,ll;JIH ePOPMYJIbI npe06pa30BaHHH nponons
noro nnesa HaHneM 

(O) o 
Xl = Xl Y = e y.	 (2.9) 

TaKI1M 06pa30M, MbI CHOBa npHXO,ll;HM K "ePopMYJIe Y,ll;JIHHeHHH". A 3TO 

oaaasaer, qTO nOCJIe,ll;OBaTeJIbHOe paapeurenae zraaaoro "nàpancrcca", KO

TOPOMY Y)Ke 6e3 MaJIorO 80 JIeT, B03MO)KH0 TOJIbKO B pasncax KP,n:. 

2.3. "Ilpoõneua 4/3". Ee CYTb 3aKJlIOqaeTCH B TOM, qTO rrpn BblqHCJIe

jIl1H HMnYJIbCa â 3JIeKTpOMarHHTHoro nOJIH ,ll;BH)KymerocH sapana nonyxa
ror asrpasceaae (CM., aanpnr-rep, 118/) 

(2.10)ô = ~ EoY'3 

rne Eo•- 3JIeKTpOCTaTHqeCKaR 3HeprHH B CHCTeMe nOKOH sapana. Oneaan
HO, qTO (2.10) OTJIHqaeTCH OT rpeõyexroro peJIHTHBHCTcKoro asrpaaceaaa 
K03ePePHIUfeHToM 4/3. 3aMeTHM cpasy, qTO ero nOHBJIeHHe 06YCJIOBJIeHO 

HCnOJIb30BaHHeM Q:>OPMYJIbI JIOpeHIJ;eBa corcpauteaaa ,ll;JIH 3JIeMeHTa npOCT

paacraenaoro 06'beMa. B TO )Ke BpeMH npaaneneaae peJIHTHBHCTCKOll "rpop

MYJIbI Y,ll;JIHHeUHH" (1.3), eCTeCTBeHHO, ae npHBO,ll;HT K nO}J;06Holl TPy,n;HO

CTH / 19 , 20 I. 

TaKHM 06pa30M, B par-ncax KP,n: HeT amcaxoã He06xo,ll;HMOCTH B TOM, 

qTo6bI npanacsmars sapazry ,ll;OnOJIHHTeJIbHYro MeXaHHqeCKYro HHepTHYro 

Maccy, 06YCJIOBJIeHHYlO, CK~eM, cyutecrnonaaaer-r He3JIeKTpHqeCKHX CHJ! 

"HanpH)KeHHI'1: Ilyamcape". 
Crrenyer, arrpover-r, 3aMeTHTb, qTO nOCKOJIbKY 3JIeKTpOMaI;'HHTHOe 

nOJIe onacsraaerca ypaBHeHHHMH MaKCBeJIJIa-nOpeHIJ;a, xoropt.re peJIHTH

BHCTCKH l1HBapHaHTHbI, TO, Ka3aJ10Cb 6bI, rronoõnoü TpY,ll;HOCTH aooõme ne 

,ll;OJI)KH~ B03HHKaTb. ,n:eHCTBHTeJIbHO, c yuerovr ycnonaa KOBapHaHTHOCTH 
.... 0 

B pavncax Tpa,ll;HIJ;HOHHoro onpezieneana HMeeM G :J O, qTO ePOpMaJIbHO 

CHHMaeT OTMeqeHHYIO TPY,ll;HOCTb (peuraer "np06JIeMY 4/3"). Ho cavr no 

ce6e nOCJIe,ll;HHH peaynsrar , yxaasraaronraá na TO, qTO Y nOKOHmerOCH sapa

... 

na HMnYJIbC ne paaen HYJIro, - ePH3HqeCKH 6eCCMbICJIeH. Il03TOMY MbI c 

aeoõxonar-rocrt.ro ,ll;OJI)KHbI nOJIO)KHTb Ôo = O. 3TO Tpe60BaHHe, B CBOro 

osepezn., ePaKTHqeCKH 0,ll;H03HaqHO npHBO,ll;HT nac KO BTOpOll MO,ll;HePHKa

IJ;HH KP,n: npHMeHHTeJIb~O K 3JIeMeHTY oõr.evra (dV). B pe3YJIbTaTe HMeeM 

dV = dV(O\, (2.11) 

t 
I'	 rzie d V (O) - 3JIeMeHT npocrpancraeaaoro 06'beMa B CHCTeMe nOKOH sa

pana. OqeBH,ll;HO, qTO nocnennee nsrpaacenae ,ll;ellCTBHTeJIbHO HaxO,ll;HTCH B 

nOJIHOM COOTBeTCTBHH c "eP0PMYJIOll Y,ll;JIHHeHHH" (1.3).I,.:I
I 

2.4. OtT08C'KaR çjjOPMYllupo8z.ca repuoôunasuucu 121/ ôsrrra npenno
1 

)KeHa B naxane 60-x ronoa H OTJIHqaeTCH OT Tpa,ll;HIJ;HOHHOll, aocxonanreã 
eute K IlJIaHKy/221 H 3llHlllTellHY 1231 . B par-ncax Tpa,ll;HIJ;HOHHOro nonxo
zra, nanpnr-rep, ePopMYJIa npe06pa30BaHHH reraneparypsr HMeJIa BH,ll;: 

O -1
T=Ty ,	 (2.12) 

.1 
rorna KaK OTT npe,ll;JIO)KHJ! 

T = T O y,	 (2.13) 

asrrercarouryro H3 cooraercrnyrouteã ePOPMYJIbI npe06pa30BaHHH AJIH KOJIR

xecraa renna /). Q • 
YpaBHeHHe COCTOHHHH aneansaor-o rasa CBH3bIBaeT Me)K,ll;Y C060ll TeM

neparypy H npOCTpanCTBeHHbIH 06'beM. Ilpa 3TOM Tpe60BaHHe JIOpeHIJ;

HHBapHaHTHocTH YKa3aHHOrO ypaBHeHHH c npHBJIeqeHHeM ePOPMYJIbI npeoõ

pa30BaHHH ,ll;JIH npOCTpaHCTBeHHoro 06'beMa (2.11) 0,ll;H03HaqHO npHBO,ll;HT 

HMeHHO K OTTOBCKOll ePopMYJIe (2.13) 124- 271 . 

Ilpaaener-r TaK)Ke npocriae, HO, no aaurexry MHeHHID, ,nOCTaTOqHO y6e

znrrensnsre noaorrsi B nOJIb3Y OTTOBCKOll ePOPMYJIHpOBKH peJIHTHBHCTCKOll 

TepMO,ll;HHaMHKH. 

I Paccr-rorpar-r ,ll;JIH. aroro aexoropoe MaTepHaJIbHOe TeJIO, xoropoe ne

li
 

-l peziaer CBOro TenJIOBYro· aaeprmo B ePopMe H3JIyqeHIDI. Ilpn 3TOM nac, eCTeCT


BeHHO, 6Y,ll;eT HHTepeCOBaTb CJIyqall, Kor,ll;a B npOIJ;eCce H3JIyqeHHH COCTOH


HHe ,ll;BH)KeHHH TeJIa ae MeHHeTCH (YCJIOBl1e HHepIJ;HaJIbHOCTH). Ho rorna
 

OqeBH,ll;HO, qTO ePopMYJIa npe06pa30BaHHH ,ll;JIH /). Q (B ,ll;aHHOM cnysae 


3TO 3JIeKTpOMarHHTHaH 3HeprHH) ,ll;OJI)KHa c neoõxonasrocrsro onpenerrars


CH H3BeCTHbIM peJIHTHBHCTCKHM BblpU)KeHHeM
 

/).Q =	 /).Q(O) y. 
(2.14) 

Orcrona na OCHOBaHHH aroporo 3aKOHa TepMo,nHHaMHKH H HHBapHaHTHO

CTH 3HTponHH ePopMYJIa OTTa (2.13) cnenyer 0,ll;H03HaqHO.• 
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2.5. Iipy zue npuueneuun KI!,a HBJIHIOTCH TeMI1 I1JII1 I1HbIMI1 aHaJIOraMI1 

paCCMOTpeHHbIX asnue cnyxaea. Ilo3ToMY MbI OrpaHl1ql1MCH cPaKTl1qeCKI1 

TOJIbKO I1X nepeuacrrennevr. 
Hasaer-r c auanora n.2.2. TpaKTOBKI1 KJIaCCI1QeCKOrO onsrra TpaYTOHa

Ho6JIa c 3apH:>KeHHbIM KOH,lJ;eHCaTOpOM 1281, KaK eI.IJ;e onnoro npar-iepa 
peJIHTI1BI1CTCKOH cPOPMYJIl1pOBKI1 CTaTI1KI1. ,nPyroH KJIaCCI1QeCKI1H I1HTep

cPepeHUl10HHbIH onsrr Maàxenscoaa - MopJII1 TaK:>Ke MO)KeT 6bITb 06'bHCHeH 

6e3 npl1BJIeQeHI1H KOHTpaKUI1OHHOH r anoreasr 129 I. EOJIbIlle Toro, nonon !\ 
HI1TeJIbHbIM YQeT BJII1HHI1H ,nBI1:>KeHI1H 3eMJII1 aa CKOpOCTb pacnpocrpane
HI1H CBeTa B,[(OJIb nonepesaoro nnexa aarepqiepor-rerpa npaaoznrr K "rpop
MYJIe y,nJII1HeHI1H" ,nJIH npozronsnoro nneQa / 41 . 

B par-ncax KP,n eCTeCTBeHHbIM 06pa30M CHI1MaIOTCH TPy,nHOCTI1, CBH

3aHHbIe c nORBJIeHl1eM sapana B ,nBI1:>KYI.IJ;eMCH 31IeKTpl1QeCKI1 HeHTpaJIhHOM 

npOBo,nHI1Ke (par-nce) c TOKOM /19. 20 / ; nOCJIe,nOBaTeJIbHO peurarorca 
aonpocsr ,nHHaMHKI1 rnepnoro TeJIa /17/. 

no aaanor-na c "np06JIeMOH 4/3" YCTpaHHeTCH TPYJ],HOCTb c I1MnYJIb
1

COM 11aaepraeá :>K11,nKOCT11 25/ . 

Bonpoc o BI1,nI1MbIX pasxrepax 6bICTPO,nBI1:>KYIUHXCH 06'beKTOB BbIXO,nI1T 

aa par-nca npOCTbIX aaayansusrx Ha6JIIO,neHI1H 11 oKa3bIBaeTCH no CYTI1 zrerra 
onpeJ],eJIHIOI.IJ;HM npn paCCMOTpeHl111 B3aI1MOJ],eHCTBI1H ,D,BI1)I()TI.IJ;I1XCH sapa
)KeHHbIX QaCTl1u B OH,nYJIHTOpe, npOXO)l()l;eHHH aapaacetmoro crYCTKa sepea 
pesouaro p 14/ 11np. 

HaKOHeu, KP,n HaxOJ],I1T caoe npasreaeane 11 npn onl1CaHl111 õsrcrporo
1

BpaI.IJ;eHI1H 30 I. 

3AKflIOllEHI1E 

B par-rrcax KP,n MbI paCCMOTpeJII1 co6CTBeHHO onpenenenae peJIHTI1

BHCTCKOH· ,nJII1HbI, OCHOBaHHoe na JIOKaU110HHOM MeTO,D,e 113MepeHI1H pac

CTOHHI1H, 11 J],Be ero MOJ],I1<pI1KaUI1I1. ,naHO TaK:>Ke HarJIJI,nHoe reor-rerpase

escoe I1CTOJIKOBaHl1e CYTI1 KP,n. 

nO,nQepKHYTO, qTO KP,n no CYTl1 nerra BXO,nI1T KaK COCTaBHOH 3JIeMeHT 

B peJIHTI1BI1CTCKYIO 3JIeKTpOJ],I1HaMl1KY. B qaCTHO,CTI1, 3TO xacaerca nOTeH

Ul1aJIOB Jlaeaapa-Bnxepra, I1MnYJIbCa 3JIeKTpOMarHI1THOro nOJIH sapana 

11 np, OTMeQeHO, qTO peJIHTI1Bl13auHH npyrax paanenoa cP11311KI1, TaKI1X, 

KaK MeXaHI1Ka, TepMo,nI1HaMI1Ka, ranponaaar-nnca 11, B QaCTHOCTl1,ycTpa

aenae BCTpeQaroI.IJ;I1XCH sztecs TPy,nHOCTeH, B 60JIbIllOH CTeneHI1 CBH3aHbI 

c npl1BJIeQeHl1eM KP,n. B ee par-ncax nOJIYQaIOT CBOIO nOCJIe,nOBaTeJIbHYIO 

TpaKTOBKY 113BeCTHble onsrrsr MaHKenbCOHa-MopJII1, TpaYTOHa-Ho6JIa 11 r.n. 

Bonpocsr, CBH3aHHbIe c npOHBJIeHl1eM 11 ·l1cnOJIb30BaHl1eM KP,n B cPI1311Ke 

BbICOKI1X 3Heprm1,6y,nYT paccxrorpeasr oTJJ;eJIbHo. 
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TEMATHqECKHE KATErOPHH llYBnHKAUHR 

OB~E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE~OBAHHR 

H~eKc TeMaTHKa 

1. 3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaR cneKTpOCKOnHR H paAHOXHMHR 

]. ~H3HKa TR*enwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaToMaTH3aUHR o6oa6oTKH 3KcnePHMeHTanbHWX 
AaHHWX 

11. BW4HCnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAoBaHHR TBePAWX Ten H *HAKOCTeH 
RAepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAepHwx peaKuHH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HTW 

1]. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe pe3ynbTaTOB H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 
,., 

CTpenbUOB B.H. P2-87-817 
KoHuerruiDI penHTHBHCTCKoii ,D;nHHhl 
H ee I1pHMeHeHIDI 

,lJ;aeTCH KpaTKHH o63op pa6oT, ITOCBHJ.UeHHbiX KOHUeiTUHH penHTH
BHCTCKOH ,D;nHHbl (KP,lJ;), ,D;BYM MO,D;HQ>HKaUHHM 3TOro ITOHHTIDI H HX 
I1pHMeHeHHHM B KnaCCHtieCKOH $H3HKe. ,lJ;aHO HarnH,D;HOe reoMeTpH
tieCKOe HCTonKoBaHHe KP,D;. 0TMet~aeTcH, tiTo KP,D; HBnHeTCH no cy
mecTBY COCTaBHbiM. 3neMeHTOM penHTHBHCTCKOH 3neKTpO,D;HHaMHKH. 
llpHsnet~eHHe KP,D; rro3BOnHeT pa3pe11IHTb pH,D; H3BeCTHhiX "rrapa,D;oK
cos" TeOpHH OTHOCHTenbHOCTH H H36e)l(aTb Tpy,D;HOCTeH penHTHBH3a
UHH pa3nHtiHhiX pa3,D;enos KnaccHt~ecKoii Q>H3HKH. B ee paMKax Haxo
AHT CBOIO rrocne.n;oBaTeJibHYIO TpaKTOBKY H3BeCTHbie OI1b1Tbl Ma:H
KenbCOHa-MopnH, TpayToHa-Ho6na H .n;p. 

Pa6oTa BhmonHeHa B J1a6opaTopHH BhiCOKHX 3HeprHH: OHHH. 

Coo6meHHe 06'he.llHHeHHoro HHCTwryTa JlllepHhiX HCCJieztoBaHHH. ,lzy6aa 1987 

llepeso.n; asTopa 

Strel'tsov V .N. 
Concept of Relativistic Length 
and Its Applications 

P2-87-817 

A short review of papers dealing with the concept of relativistic 
length (CRL) its two modifications and their applications in classi
cal physics is presented. Graphic geometrical interpretation of CRL 
is given. It is noted that CRL is essentially a component of relativis
tic electrodynamics. Application of CRL permits to solve a number 
of the know "paradoxes" of special relativity and to avoid difficul
ties of relativization of different sections of classical physics. Within 
its limits the known experiments of Michelson-Morley, Trauton-Noble 
a.o. could be successively interpreted. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 
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