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1. Bne.r~eHI'Ie 

KaK H3BeC.THO, B nacTORlll.ee speMR cymecTBYIOT .usa npnnun:m:IaJILHo 

pa3JIMGHblX B3rJIJ!):(a Ha Dp!!po.uy peJIJ!TliB!i!CTCK!i!X 3<jJ<jleKTOB. t!acTb <jl!!-

3J:IKOB, cne.u.y.R DyanKape u Jlopeuuy, paccMaTpnsaroT HX KaK cneJI.CTBHe 

ne<\lOpMaUn:'ft, IICIIbiThlBaeMbiX TeJia?~.m:, ,li.BH>l{Yni;HMHCJI OTHOCIITeJILHO npH

BHJienrpDBaHHOit CHCTeMhi HOOp.llHHaT, CBJI3aHBO~ C Ba~yyMOM. JJ:J)yrHe 

¢n31iKH, IIO.D.06BO ~~:iiHIIITefiHy, paccMaTpHBalOT 3TH s<}lcl)eRTbl Ka~ 'tJHCTO 

KHHE':MaTM>:JeCKOe CJie,llCTBIIe OIIpe.QE':JieH.JIJl O,li.HOBpeMeHHOCTH B JJ:BinRYlll.efi.CJl 

H. TIOKOHIUE':fiC.R. CHCTeMaX OTCqeTa. 

Ham a uenL-Hai:tTH OTJIH"tJ:Ji.R Mem.r:cy 3TIIMH .D.BYMR TO'tJ:RaMH apea:aH nyTeM 

na6mo.n.eHHJI B03MO>KHoro H3MeHeHn.JI HHTep¢epenunn rra,n,arorn.ero 11 OTpa

mennoro JiaaepHhlX nyqefi B 3aBHCJIMOCTH OT CKOpOCTll BHepUHaJibJJOit CH

CTE':MLI OTCtJ.eTa. 3fiHlllTE':fi.HOBCRa.Jl teopHR rOBOpHT, qro TaKOfi 3aBJICRMOCTH 

HE' )J.OJI}KHO 6h!Tb 1 TaR KaK HBa'tle MO}KBO 6blJIO 6bi yctaHOBHTb <PaRT _IIHep

U,HaJibHqro .UBIDKeRHR, aaXOLVICb sayrpH H30.11Hposaaaoi1 <PH3H'tlecnofi cH-

creMbi. O.unaHo c roqRB 3pennR nccne.rtoBaTenett, pa3):(eJIJ!IOII(Ii!X 

nopeanesc.RyiO HJJ.eiO o cyru.ecrBOBaaHH npnBHJierHposaaaott cHcTeMbl oTc

qera, B ::}KcnepHMeare Momao 3aMetHTb C.l(BHr HaTep<PepemJ.HOBHblX nonoc, 

llOCROJibKY nponecc OTpaJKeHBR, CBR3aHBhlii C IIOrJIOII.I,eHli€M H HCIIYCKaHlieM 

csetoBbiX KBaaros aroMai~m 3epKana, 3aB:aMaer onpe.ueJieanoe speMR ,H no-

3TOMY OTpaJKeHBblit JIY'I H€CROJlbKO 3aDa3)l,biBaeT DO OTHOilleHHfO K pacnpo

crpaHRIOII\eMycR 6e3 OTpa.JI(eHJlJI. 

KpoMe roro, ocraercR He.RCHLIM eru.e o.nHa BOIIpoc. CneuHaJibBaJI reo

puR OTBOCHT€JlbHOCTil 6a3HpyeTCJI aa t:IHCTO KJiaCCH'tleCROM DpHHUHJie CZH

XpOHH3aUHH BpeMeHH, ROTOpblii npe.UIIOJiaraet MrBOBeHBOe, 6e30 HCRKOrO 

3aDa3,llbiBaB HR, OTpaJKeHBe nocblJiaeMoro cH:rBana. Ha nepBblii B3r:UI,n: 3TO 

npOTIIBOpelUIT HOBe'tlBOit )J.JlllT€JlhHOCTH TaROrO Dpouecca. 1\.hi DORaJKeM, 

qro H3Becrable npeo6pa3oBaanR JJopeana reM ae Meaee coxpaaRIOT cso10 

<jlopMy H B cJiyqae y'leTa TaRoro 3alla3AhlBaHHR. 

B cne.nyJOIII.eM pa3.nene KparRo oniiChiBaetcR 3RcrrepnMeHT H npiiHO.LVITCR 

ero pe3yJJhTaTbl. Pa3.IIeJI 3 nocBRII(eH TeopeT!I'leCKOMY paccMOTpeHHIO 11pe

o6pa3osannfi JlopeHua c yqeTOM 3<jJ<jleKTa 3ana3!lblBaHI!R. B pa:<Aene 4 

o6cy)I(Aa!OTCJ! pe3yJJhTaTbl. 
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2. 8KcnepHMeHT c y'<eToM •ana3.IIb!BaHY!JI s npo1.1ecce 

OTpa>KeHVIJI 

Harna 3a.naqa- nposepBTh, 3aBHCHT JIH MHrep,pepeHUH.R Jia3epmoiX ny

qefi OT CKOpOCTii TIJiaTCi>OJ>Mhl, Ha- KOTO})O:fi J'KpenJieHbl MCTO'lJHHK CBeTa H 

llHTep<jlepOMeTp. 1-I.IIeJO TaKOfi llpOBepKll MO)l{HO llOJ!CIIllTb Cflell_yiOlUllM 

MLICJJeHHhiM aKcnepnMeHTOM. Tipe.ucraBHM ce6e (pH c. I), qro B rHCT<":Me 

KOOp)UiHaT, .lJ.BH>KyllleikJI CO CKOpOCThl:O V, Mbl HMeeM .[I.Ba napaJIJJeJibHhlX 

KorepeHTHhiX nyqa csera. O.niiH H3 HMX nona.uaer Henocpe.ucrseHHO B HH

repcpepoMerp, B TO speM.R KaK .n.pyr.ofi, BCTpeTHB Ha CBOeM JlYTH ~t~pKaJJO, 

IJOrJiblli.aeTCJI ero semecrsoM, ro ecTh IiC'tle3aer Ha HeKoropoe epeMJJ i 0 , 

nocne qero ucnycKaerc.R H rome nona.naer B HHTep¢epoMerp. TioseplieM 

renepb nnanpopMy, Ha KOTOpOi:l ycraBOBJl€Hhl HCTO'l!HMK CBera li HHTepcpe

poMeTp, nepneHJlHKYJUIPHO K BeHropy v. EcJin: aepHa nopeuueBCH<tJI M.ll.f'R 

0 cymeCTBOBaHHH 8 DpHpo,ue npHBlW€fllpOBaHHOI:i CMCT€Mhl OTC.l.JeTa M 3a

BHCMMOCTll OT Bee CHOpOCTII CBeTa, TO Mem,uy CB€TOBLIMli Jiy'lla'-·nl .UOJDKt>:H 

B03HHHHYTb C,D.BHr cfJa3 ll RHTep<}>epeHUHOHHhle DOJIOChl CME'.CT.RTC.R. 

A' , '· .. . :;\' , n4 

Puc. 1. Cxe--Ma uUme.pcficpeuu,uou.u.ozo J?-Ccne.puMe.uma. 1 - nAoc-x:o

napaA.A.f..fl.'b1W.5l nAacmuua, 2 u 3 - Jf:p?-CaAa, 4 - cfiomoacmexrnop 

B coorsercTBHH c nopesneBcHoll n:.neeM,cKopocrb ca~ra a JlBH>KyiUeik.R 

cMcreMe orc'llera ecrb c + v, TaH 'liTO speM.R, rpe6ye!'-10f' .UB)'M Yl{a:~aHHMM 

2 

Bh!Ulf' J\OrepeHTHJJM JiyttaM .lU.R npoxom..neHMR paccro.RHJUI or MX o6wt=>ro 

HCTOtllJlll{a .UO HHTt~]>(}lepOMt"Tpa 

11 = :rf(c+ v), t2 =to+ (a:- VT)j(c+ v). (I) 

a roorBf'TCTB,Yiuee BlWM.R :\anaa.nhiBaHn.R T = fz- t1 . B cny'l1ae nepnPH.D.H

IiymJpHoro pacnonomPHH1:1 npH6op.:t 

t1' = :rfc. t,' = lo + .r/c (2) 

H speM.R :lana~nMBaHH..R r' = t/- t1'· 

C rotJHOCTbiO ,n.o KsanpanPIH hi X tJJlPHos ""'J !3 1 = ( v / c)2
• o6JHaHHhiX 

<'BOHM TI]>OHCXOiH.llf'HlH~M JlO)>PHUt'BCIWMY ronpaWPHHIO }J.liMH. pa:mocn, Bpt"

Me.H, Ollp('Jl.E'.JIJilOIUaR C.ll,BHf MHTf'})<\)t>pf'HUMOHHOfi KapTMHhi OpH flt"pf'XO.ll.f' OT 

HatJaJihHoro pacnonoH<eHM.R np116opa K nepneH.ll.Hnyn.RpnoMy 

b.T = T'- T = t•lo/(v +c) :::e lo/i. ( :l) 

B or.rm1.JHP. or 11asecrnoro -~Kcnf'pHMeHra MaHKeJILroHa H l\1opmi H .n.py

rHx H3Mf'}WIUJf1, f,Ut> BCt": JIHHf'fiHhlt" tJJieHhi B3aHMHO KO~tnt"HCH.pyiOTCR 6Jia

fO,UapR pacnpocrpaHf'HlHO CBf'Ta B .llB)'X npOTHBOTIOJlOHiHhlX HanpaBJif'HM1:1X. 

B paccMarpH.aaeMOM .~KcnepHMI?'HTI?' c o.nHoHanpasneHm.rM pacnpocTpaHt>

HIH~M CBf'TOBhlX ny'llei! 3TH 'liJif'Hhl COXpaHJIIOTCR 11 MOfYT 6MTb l:l:lMt>f)t'HJ.I. 

( ~OOTB<~TCTBYIOWHH CJlBl:lf <J>a:\ CHH)'COii.lJ.(IRbHhlX CBt"TOBbiX BOJIB 

<P = 27rcb.TjA (·I) 

nopom.n.aer B cporo.nereHrope c.usnr nonoc: 

M = <f!A/2". (0,) 

YfaMt>pHB era, Mbi nony\mM 

D.r=!::.f/c ( (i) 

H Bf'JIJiliRII,Y 3ana:\,UhlBaHHR 

/ 0 :::e b.Tj;i = ."!.fj1>. (7) 
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PeaJihH.blfi 3Kcne:pH:MeHT OT.IIlPHH'TCJi oT pacniaTpHBaPMOH cxt=·Mhi ~\a

~if':HO'tt 3E"pKana B uHTepcpepoMeTpe Maxa - UaHLte:pa na JL10CKO

napanJ1E"JihHyiO TIJiaCTlUIKy CO 125 - KpaTHhiM OTpaiRP.HHf':M CBf':TOBOI'O JI.Y'Ia 

MeiliJ<Y JlBYMR ero nocepe6peH1JMJI llOBepXHOCTRMII ( CM. j)IIC. 1 ), ~TC• ll03BO· 

. aJieT rymectseHso ysemittllTh 3ana3.UhlBaHHe nyl:!a. C.nsMr MHTep(l>e:pauH

OHHhiX DOJ'10C perllCT}HfpyeTCJI <I>OTO.ll,f':Tf>KTOpOM, H p€'~\YJibT<:lTLI o6pa6aTLIBa

K>TC.R KO!'.fTihiOTf>pOM . .linR TOfO, tiT06bl IHH3HTb ypoBeHb DOMf>X, BCf> ycTaHO

BJl'f'HHL!f': Ha DJJanpopMe ODTIP-lf':CKIH~ 8JlE"Mf':HThl DOCJif': llpOUf'CCa H:X KICTHpO

BKli 6t.Imi Dp11KJief':HLI K HPti~ a OHa C DOMOIUblO npaHTli'!e.CKH. TOl.Jf':l.JHOfO 1\0H

TaKTa c.of>.O.HHRJiarb c ~accHBHhlM BpamaiOlllHMCH O<:RosaHHf':M. B Kal!ectse 

nepeHOCHOfi C!iOj)OCTll V 11Cll0Jib30BoJiacb CHOj)OCTb :3eMJIII (:::< :)80KM/c). 

TI pM60p KaJIH6posaJic.R C DOMOIUblO ycTaHOBJif':HHOti B CB060.0.H01ti DJietiC 

MHTf>J)(j>epOMetpa (HH>KHee nneqo ua puc. I) nnoc:Ko-napanneJ1hHOti nna

CtliHLI, TOJIIUMHa H 
7
CJie.UORaTf>:JihH01DOpom.O.af':MOe 3aDa3JlLIBaHHt'\ TO'~HO H3-

B(~t'THhi. Ha puc. 2, r.ne npe-.uctaBJ1f'Hhi }H~3YJlbTaTIJ HaWMX H3t.H··peHHil, 

KaJm6posOqHbiif TillK COOTBeTCTByeT CMerueHMlO 1-lHTf':p<l>epeHUH.OHHLIX TIOJIOC 

!:!.f I), = 0, 02 (J<JIR ), = 0, 63MKM). 
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Ha PHC. 2 nosopoT npn6opa aa :360° coorseTcTByer BpeMeHBOMY I!H

repsany !:!.t = [90c, 190c), sayrpn KOToporo bf./). = 0 ± 0, 006. T. e. 

to = 0 ± 8.10-17 c 1 • Ha6JIJO}laeM1Ie oCUHJIJIHIJ.HI'I !:!.f/). RBJIRJOTCR norpe

lllHOCTJIMn:, o6yenosneHHIJMli He6onhiiiHMFI .n.eq>opMaunRMH nnanpop:-.~hl rrpM 

nosoporax.(~oorsercrsywma.R oum:6Ka !:lt0 Ha1moro MeBhrue npo.n.omKa.reJih

HOCTH aRra orpameRHJI csera or Meramm"I:JecHoro sepHaJJa t0 ~ 10-14 c, B3-

Mf>peHHOfi Henocpe)lCTBeHHO B 3}{CllepnMeHTaX [1}, H 3TO .flQ3BOJUleT yrsep

fK..UaTb, tiTO f11TIOTe3a Jlopesna 0 cyme.CTBOBaHHR llp:HBlUif>rHpOBaHHOii CH

CTeMhl OTCl.Jeta R 3aBHCHMOCTU CKOpOCTll CBeTa OT Jl.BHJ-K€Hll.R OTHOCl3TeJibHO 

.·noll CMCTP.Mhl He BepHa. 

3. 3ana3Jlh!Baro!I.{M cuHxpoHwaauwJI qacoa 

!1pe)l.JIO;J{eHH1Jfi ~~fiHIIJTel!BOM MeTOA CI1HX}JOHI13all.lll1 BpeMeHI! npe,UIIO

Jiaraer, ttTO B HeiWTOPhtM: MOMeHr speMeHn t1 na6nw.n.arenh nocblnaer cse

rosofi cn:rHaJ1 s ToqKy X, u: aror C.HrHaJI, orpa3I!Bllil1Ch s TO'tJHe X, B03-

spamaerc.R K Ha6niO.D.aTemo B MOMent speMeHn l 2• Tor.n.a tiaChl 11 TOttKe 

X B MOMeHT oTpa>KeH11JI cseTosoro c.u:rHaJla AOJDRHhl rroKa3IJ:Ban, apeMJI t, 

onpeJI.eJUieMoe ycnoBReM CHHxpaHH3an.na 

c(t- tr) = c(t2- t) 
' 

(8) 

fA~ c - eaKyyMHaJl CKopocrb cBeTa. TaKoe npeADOJIO)!(eRI!e, BDO.,Be ec· 

TeCTBeRHOe B pa!\HiaX MaNpOCNOIIHqecHOfi <PH3Hlill, H)'m,aaeTCJJ 1 
O,aHaH01 

B 

)(ODOJIHllTeJI.bBOM o6cy)J{,lleHI:HJ J]a ypoBHe MI:H\.pOClWII:U:qecKIIX JIBJieHHii. 

,li.JIR Toro, qro6b! yqeCTb 3a)l.ej))!(Ky, CBH3aHHY10 C DOfJIOll(eHMeM 11 HCD)'· 

C.KanneM csera B aTOMHhiX npouecc.ax Ha nosepxaocTll 3epKana, 3ClUHJlleM 

)'C'lOB.He CIIHXpOHH3atum B BH~e 

c(t- t1) = ct(t2- t- r), (9) 
---.,.-------

1M~ ytJJIH, tJTO to B (7) .l{OIDKHO 6bl:Tb DOJl.eJJeHO Ha tfHCJlO OTpaJReHHJi BH)'Tj)H HH~ 

repcj:lepoMerpa n::::125. 
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r)J.e r - BpeMJJ 3aha3,l1.hlBaHHJl 1 JIBJI.HFOIU.eeCH MaHpOCKOIJlPieCKHM napa:'\te

TpOM1 HOTOpbi:it onpe.ueJI.HeTcJI KBaHTOBhlMH npoueccaMH BHYTPH 3<'pKana. 

Orcro)l,a cne.zzyeT, qTo cnaxpoHB3oBaHHOe speM.R 

t = (t2 +t1 -r)/2 (I 0) 

H paccTOJIHHe 11.0 TO'IKH X 

x = c(t2 - t1 - r)/2. (II) 

)lpyron Ha6JIIOJI,aTeJJb 3aiiHllieT .'=JTH COOTBOllieHBR B BH.ll.e 

t' = (t; + t; - r')/2 ( 12) 

ll 

x' = c(t;- t; - r')/2, (I :l) 

r.a,e i~, i~ H 7 1- COOTBeTCTBYIOn..tHe BpeMeHa H HHTepBaJI 3aTia3)1.b!BaHll.R 1 

orcqHrbiBae1nJe sa6mo.nareJieM no ero co6craeHBbiM qacaM. 

l1cnoJih3yeMhle pa3JIHqH1JMll sa6mo.ZI.aTeJUIMH apeMeBa CB.R3aHLI npe-

o6pa3oBaH!IRMll JlopeHn.a : 

t; = ).t.,, t; = .x-'t,, ( 14) 

r.ue A - 6e3pa3M€pHhlfi rrapaMeTp, 3aBHCJ!Ill.l<fi OT OTHOCMT€,1hHO~ CHOj)OCTll 

Ha6Jiro.ZI.arenett. 

DpaBHJia npeo6pa3oBaHMl! (14) TaHne lKe, Kai< M np~ o6hJqHofi 3fiHIIITefi

HoacRott CHHXpOBH3aUHH, C IIOMOIII.biO npocrpaHCTBeHBO-BpeMeHHhiX KOOp

,l.I.HHaT HX MOJKHO 3aiiHCaTh B BH)le 

x' = [(.X'+ l)x- c(.\2
- l)t + .l.r'- r]/2.l., 

t' = [c.x' + l)t- (.X'- l)(xfc) + .l.r'- r]/2.\. 

( 15) 

(I 6) 

~~TH COOTHOlli€HHJI COBIIa,lJ,aiOT CO CTaH)lapTHbiMH npeo6pa30BaHH.RMH Jlo

pesna, eCJIH apeMeHa 3aiia3)lhiBaHHR npeo6pa3yJOTC.R B cooraeTCTBHH c reMH 

me )JOpeHIJ,eBCHIIMH npaBHJiaMH, KaK ll MOMeBThi Bp€M€HH f ( 

r' = A-1r = [(1- (3)/(J + {:1]-l/ZT = /(1- 1Jjc)r = /(T- xfc), (J7) 

6 
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fJIP ')' == (1 - l'l jc2tifZ, \' = VT 11 V- CKO}JOCTh )lBH.i-H)'llle"rOCJI Ha6moll,a-

TPJIJI. 

l{al< BHll,HM. ~ana3)ll>JBalOIUaR fllHXpOHH3aUHfl tJaCOB Hf' l13Mf"H~t:'T J10-

JWHUe"BCKHX npe:o6pa:~OBaHMii. 

4. 3aKJIIOl..Jl1TeJibHOe 3aMel..JaHI1e 

:~KCn<->pHMf>HTaJihHLIE' ,naHHidf> 0.UH03HaqHO fOBOpRT B DOJ1h3,Y ~fiHlliTf>fi

HOBCKOfO llOHHMaHMR npMjJOJl.M fWJlRTf1BMCTC1\f1X 3<IJ<Jlf>KTOB. flpHBf'.ll.f'HHMf' 

Hbllllt' pt>:~y.TihTaThi c ... 1ymaT .lJ.OKa:~aTt"JlhCTBOM H<:"BO:l!"ltoHiHOCTH CB.H3aTh KaKylO

JIM60 Bhi.D.f'Jit-'HHYK> CHC"Tf'MY orcttera r san.yyMo~L B ero no ... 1HOI1 (l,llHopo-

.nuocrw H<"T HHKaKHX: HH KlfiH~Manttlf'.CfH:fX 1 HH Kal\HX-J1M60 ,D.UBaMl.PH''-

CIUIX 0C06f'HUOCT<~M, HOTO}Jl•lf' MOiKHO 6J,UJO 6LI HCTIO ... 'lb30BaTb B Kil\Je"CTBt" 

\
1
JJHOPJJ" raHofi CMCTP!"I:lJJ OT<'tlf':TCI. Tt"M He .MPHf~f' HOHUf'DUMR Bali_\)'Ma Hf' 

MOiliPT 6MTh noJIHOCTbiO OT6pornt>Ha, KaJ< .3TO npt>.llJJara ... l :·HiHlllTdiH. M 3KC

IH')HtMenT H I{BCl.HTOBaJl T<-'O}HiJl .lJ.OKa:lhiBalOT, tiTQ BaK.)-'.)-'M JIBJIJH>TCJI CTIPUU

<}JJf'WCJWM MaTt>pllrtJJbHOif Cj)f>,ll.OU, XOTR BCP IJOnJJTHH OIJHCrtTb eP B Tt->pMJ.max 

npHBhJtiBJ,IX TIOHJ!Tl:fti HaTaJ1KHBalOTCR Ha TipOTHBOpf':ttHJI. 

BMf'CTt"': c Tf'M Mhl XOT<:"JIH flQ,Il"t.Jf>jH<HYTh, ttrO XOTR ;::)lfHlllTf'fiHOBCJ;Jfti Mf>

TOJJ. OfHX]JOHH:\aUHH BpeMeH!f He fl}JOTHBOpe.tmr aKCilt"}lHMf'HTi:lJibHb:M .UaH

HhlM, OH, no cym.ecrsy, RBJI.Rf'TCR MaKpOCHOill·PierKott npOU<"JJ..YJWti. B o5-

nacTH MaJIJ.IX l1HTPpBaJ10B !:!:.f H b:.:t, f,U<~ IIpOCTpaHCTB("HHO-Bpf'!\-~f'HllaR IUI

TPpOpf>TaUMJI <}>OpMq.>aKTOpOB~ OnlH .. 'hJBalOUIHX CTpyKrypy npo6HhiX 11arnnt., 

HaTamm:Baf'TCR Ha Tpy.UHOCTH, CTaHOBHTC.R Hf':.RC.HhiM, B KaKO~ CMI.IC JW MOHillO 

fOBOpHTb TaM 0 ,nmmax H H:HTPpBa,1aX BpeMt'HH [2]. 
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