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AHHoTagv.tff 

Ha OCHOBe HeTpa,IJ,VILJ;VIOHHOM CVIC'I 8Mbl orrpe,rr,eJieHVIM VI ITOCTyJiaTOB 

CTpOVITCH peJIHTVIBVICTCKaH KVIHeMaTVIK8, He HY~aro~aHCH B CVIHXpOHVI3aLJ;VIVI 

l.!aCOB, B ITOHHTVIVI O,IJ,HOBpeMeHHOCTVI ;)',IJ,aJI8HHbiX C06biTVIi1:. PesyJibTaTbi 

KVIHeMaTVIl.!8CKVIX 3KCITepVIM8HTOB Bblpait:aroTCH l.!epes ripOMeJKyTKVI BpeMeHVI, 

orrpe,rr,eJIH8Mbie TOJibKO ,IJ,JIH C06bTTVIi1:, LpOVICXO,IJ,HI.qVIX B TOl.!Ke l.!aCOB. 



, 
HMM KOTOpOM He pacrnMpHeT npe~CKa38HMM CTie~MMbHOM TeOpMH OTHOCMTe~b

HOCTM ( CTO) , npHxo~MTCH Ha'tiMHaTb c onpaB~aHMH TaKOM nonbiTKM. C o~HoM 

cTopoHbi, ~~H MHOrMx ¢M3MKOB 3~aHME CTO npe~cTaB~HeTcH ~aBHO 3aKOH-

1IeHHbiM M CTO~b CTpOMHblM M HCHbiM, ~TO BOIIpOCbi M ~MCKJCCMM, B03HMKaiO

II{Me B ne'tiaTM, Bbi3biBaiOT y HMX, no BpaMHeM Mepe, y~MB~eHMe. C ~pyroM 

CTOpOHbi, HeCMOTpH Ha CYII(eCTBOBaHME Y*e npaKTM1IeCKM He0603pMMOrO MHO

*eCTBa pa6oT, pa3oHCHHIOII{MX HeKOTOI,bie yTBep~eHMH CTO, no~o6Hble pa-

6oTbi IIpO~O~*aiOT TIOHB~HTbCH. lipe~ME TOM ~MCKJCCMM HB~HIOTCH OCHOBHbie 

noHHTMH M K~I01IeBbie Bonpocbi CTO, B TO BpeMH KaK cor~acMe npe~cKa3a

HMM TeOpHH C OITbiTOM HM y KOro He hbi3biBaeT COMHeHMH. (hy CMTya~MIO 

MO*HO XapaKTepH30BaTb KaK nepeOCMErC~MBaHMe TIOCTy~aTOB, OCHOBHb~ TIO

HHTMM TeOpHM, HO C coxpaHeHMeM ee 8KCIIepMMeHT~bHOro 6a3MCa. 

TaK, XOTH 

CBeTa l1yaHKape 

MH 8TOT BOIIpOC 

KOHBeH~MOH~bHOCTb JTBep~eHMH M30TpOIIHOCTM CKOpOCTM 

/I/ no~-qepKMB~ e!I{e ~o co3~am1H CTO, B noc~e~Hee Bpe

BHOBb 'tiaCTO o6cy~aeTCH /Z, 3/. IlOHHTMe CKOpoCTM CBe-

Ta noHB~HeTcH B CTO ,n.o orrpe~e~eHMH o~HoBpeMeHHOCTM B y~aneHHbiX 

TO'tiKax (~o pe~errTa CMHxpoHM3a~M qacoB). 1-13-3a TaKoM Herroc~e~oBa

Te~bHOCTM B OIIpe~e~eHMHX KOHBeH~MH B ~aHHOM C~yqae 3aMaCKHpOBaHa. 

11o~ KOHBeH~Met1: FIOHMMaeM TaKoe JTBep~eHMe TeOpV1V1, KOTOpoe MO*HO 3a

MeHMTb, He IIpOTVIBOpe-qa OIIbiTJ, Ha ~~pyroe, ~OrM1IeCKM He COr~acyro!I{eecH 

c nepBbiM. 

IlpHHHTMe KOHBeH~M 06 aHM30T:JOIIV1V1 CKOpOCTM CBeTa Be,II,eT K MHOM, 

1IeM B CTO, KOHBeH~MM o6 o,n,HoBpeMeHHOCTM y,n,~eHHbiX co6biTMM ( c.) , :v1 

3Ha1IMT K MHbiM COOTHOilleHMHM Me~y {00p~HHaTaMV1 B pa3HbiX CMCTeMaX OT-

/3/ C1IeTa (C. 0.) • T • 0 •, OCHOBHbie 10HHTMH KMHeMaTMKM ( O,II,HOBpeMeH-

HOCTb, BpeMH, CKOpOCTb, ,II,~MHa) BKJII01IaiOT B ce6H 8~eMeHTbi KOHBeH~MV1. 

Bb~e~MTb MX M3 yTBep~eHMM TeopMH KpaMHe TPY~Ho. 3TMM M o6oHCHHIOT

CH HerrpeKpa!I{aiOII{MecH ,II,MCKyccMM rro JCHOBHbiM BorrpocaM CTO /
4/. TaKoe 



2. 

ITOJIO)K8H118 ITp8,IJ,CTaBJIH8TCH KpatfHe H8f,IJ,OBJI8TBOp11T8JibHbiM, T.K. 113 06~11X 

C006pa)K8H11M HCHO, qTO KOHB8HlJ;110HaJI :,Hbre <6JI8M8HTbl MO]KHO 11CKJIIQq11Tb, 

ITO Kpat1:Het1: Mepe, 113 3KCIT8p11M8HTaJibibiX ITpe.rr,cKa3aH11M Te0p1111. 

LJ;eJib HaCTOH~et1: pa60Tbl - C11CTe:VIaT11q8CK11 113JIO]Kl1Tb K11H8MaT11KY, 

ITO B03MO]KHOCT11 He ITOJib3YHCb KOHB8HJ;110HaJibHbiM11 ITOHHT11HM11 11 OCHOBbiBa

HCb Ha ITOCTyJiaTaX, ,IJ,OITJCKai0~11X H8ITJCp8,IJ,CTB8HHJIO OITbiTHyiO IIpOB8pKy. 

0CHOBHbl8 ITOHHT11H 11 OITpe.rr,eJI8H11H 6y,IJ,3M BBO,IJ,11Tb, CJI8,IJ,yH OITepau;110HHOMJ 

ITp11HLJ;11ITJ, T.e. Ha OCHOB8 paCCMOTp8i11H 3KCIT8p11M8HTaJibHbiX OITepau;11t1, 

B KOTOpbiX COOTB8TCTBJI0~118 B8JI11q11Hbl MOPJT 6biTb 113M8p8Hbi. Ilp11 KOOp,IJ,11-

Hau;1111 C06biT11M 6y.rr,eT 11CITOJib30BaTbCH "pa,IJ,MOJIOKau;110HHbiH" M8TO,IJ, /
5
/. 

Iv1HO)K8CTBO CTaH,IJ,apTHbiX qacOB 11 3JI8KrpoMaPH11THbi8 C11PHaJibl ( t ) , pac

ITpOCTpaHHI0~8CH B BaKyyM8, 6y.rr,yT 8IJ.11HCTB8HHbiM11 113M8p11T8JibHbiM11 11HCT-

pJM8HTaM11. CBOMCTBa ~ -C11PHaJIOB TIOCTJJIMpJIOTCH B ITJHKT8 3 (IT.3). 

CBotlcTBa qacoB 3~aroTc.rr oiTpe.rr,eJI8H118M cTaH,IJ,apTHbiX qacoB (IT.I) :vr IToc

TyJiaTOM "paBHOITpaBHOCT11" .rr,Byx OJI113K11X, pa3JieTai0~11xc.rr VI3 ToqKVI (T.) 

~aCOB (n.3) B OTIHTe HaOniDAeH~H AOr.rrnep-3~eKTa. ilOHRT~e OTHOC~Tenb

HOPO ,IJ,B11)!{8H11H ,IJ,BJX T. T0)!{8 nepBOHc.qaJibHO OITp8,IJ,8JIH8TCH (n.2) TOJibKO 

,IJ,JIH 6JI113K11X, pa3JI8TaiO~XCH 113 Toqr:11 qaCOB. 3aTeM, OCHOBbiBMCb Ha 

onpe.rr,eJieH1111 c.o. (n.5) 11 Ha ITpe.rr,ncJIO)K8H1111 (rr.4) eBKJIVI,IJ,OBOCTVI reo

MeTp1111, pa3B11BaeTCH M8TO,IJ,11Ka KOOp~,11HaLJ;1111 C06b!T11M B J,IJ,aJI8HHbiX rrpo

M3BOJibHO ,IJ,B11)K~XCH TOqKaX. 

Ivlbi 6y.rr,eM CTapaTbCH HBHO lllOPMJ'JI11pOBaTb Ha1160JI88 B8JKHbi8 OITpe.rr,e

JI8H11H, rrpe.rr,ITOJIO)K8H11H, ITOCTyJiaTbi. flepe.rr, . OI1p8,IJ,8JI8H118M CTOMT HOM8p 

TMITa - [Ol.I] , ITepe,n;. ITpe.rr,IToJio)KeH11BMMJIM ITocTyJiaToM - [A2.3) , rrepe,IJ 

TeopeMaMM (Ha KOTOpbre rrpMXO,IJ,MTCH c:cbrJiaTbc.rr) - [3.i] . CcbiJIK11 Ha H11X 

,IJ,aiOTCH B KpyrJibiX CK06KaX. 3B83,IJ,Oqi:a H~ CTpOKOM OTCbiJiaeT K ITp11JIO-

)K8H11IO. 

I. PerMCTpau;M.rr coBIT~eH:vr.rr HeiWToporo co6biT11H c o.rr,HMM 113 p.rr.rr,a 

co6HTMt1: qacoB (c "y.rr,apoM" qacoB) llJIM ITOITa,IJ,aHMH ero Me)K,IJ,y ,IJ,BJMH 



3. 

OJIMJKat1uun~M "y,rr,apaMM" HBJI.HeTc.H 3JieMeHTapHot1 MsMepMTeJibHOM orrepau;Mei1. 
, 

K Haoopy TaKMX orrepa~MM B TO~KaX p.~HbiT 4aCOB, ITO cy~eCTBy, CBO,IJ,MT-

C.H, CBO,II,MTC.H JIIDOOe KMHeMaTM~eCKOe lf3MepeHMe. ~ rrpeJK,II,e BCero HeOOXO

,II,MMO orrpe,rr,eJIMTb (cpMKCMpOBaTb) Tpe6)BaHM.H, KOTOpbiM ,IJ,OJIJKHbi y,II,OBJieTBO

p.HTb CTaH,II,apTHbie ~aCbi. )J,JI.H 3TOrO p.3..CCMOTpMM COBOKYITHOCTb 

( 0' I; .• K'" e .. ) ~MKJIM~ecKMX rrpo~e ~COB TaKMX' ~TO JIIDOO.t1 ~MKJI Kati\IT,O

ro rrpo~ecca I1pMBO,II,MT K COObiTMID B H3KOTopot1 TO~Ke 0. fiyCTb B TO~Ke 0 

perMCTpMpyeM B rrpoMeJKyTKe MeJK,II,y ni' coce,rr,HMMM COObiTM.HMM /(. -ro rrpo

u;ecca ne coce,rr,HMX COObiTMM e -ro rrpJ~ecca. [or. r] _, EcJIM OTHOIIIeHMe 

~MceJI nl< In e ,II,JI.H COBOKYITHOCTM rrpou;eccoB OCTaiDTC.H HeMsMeHHbiMM rrpM 

M3MeHeHMM HeKOTOpbiT cpM3M~eCKMX YCJIJBMM, TO B 3TMX YCJIOBM.HX MOJKHO 

MCI10Jib30BaTb HaiiiY COBOKYITHOCTb rrpoqeCCOB B Ka~eCTBe ~aCOB TO~KM 0. 

)J,JI.H KMHeMaTMKM BaJKHa, rrpeJK,II,e Bcero, 3KcrrepMMeHTaJibHa.H rrpoBepKa rro

CTO.HHCTBa nl<. I ne rrpM pasHoo6pa3HblX rrepeMe~eHMRX TaKMX ~acoB, M B 

~aCTHOCTM, - I1pM M3MeHeHMM ,II,BMJKeHMH ~aCOB. 

CTporo orrpe,rr,eJieHHbiX ITOH.HTMM ,II BMJKeHM.H, ycKopeHM.H Mbi He MOJKeM 

MMeTb Oe3 orrpe,rr,eJieHHbiT ,II,O 3TOrO CTaH,rr,apTHbiT ~aCOB, I103TOMY He MOJKeM 

Ha 3TOM 3Tarre rOBOpMTb 0 ITOCTO.HHCT Be nl< I ne ~acoB CKaJKeM rrpH ycKO

peHMM 980 CMiceK
2• Ho 3TO He MeiiiaET KOHCTaTMpOBaTb ITOCTO.HHCTBO 

n" I ne rrpM rra.n.eHMM ~aCOB B rroJie 3eMJIM. ITo,rr,oOHbie 3KcrrepMMeHTbi MOJK

HO rrpoBeCTM, HMe.H B pacrrop.HJKeHMM ~OJibKO COBOKYITHOCTb rrpo~eCCOB 161 
(a He O,IJ,MH rrpo~ecc), I103TOMy MMeHI-:0 COBOKyiTHOCTb rrpo~eCCOB Ha3biBa-

eM ~aca.MM. 

KpoMe cpaBHeHMR pasHbiT rrpo~ec:coB o,rr,HMX ~acoB, rro,rr,o6HbiM o6pa-

30M MOJKHO cpaBHMTb M cooTBeTCTBeHHbie rrpo~eccbi ,rr,Byx ~acoB A M B 

rrpM coBMe~eHMM To~eK A M B. [or.~ - ilpM TaKoM cpaBHeHMM cTaH,rr,apT

HbiT ~acOB ,II,OJIJKHO BbiiTOJIH.HTbC.H paBeHCTBO - nJ<(A)I nl< (B)=I. B ,II,aJib

Het1meM oy,rr,eM MMeTb ,II,eJIO TOJibKO C ~'aKMMM CTaH,rr,apTHbiMM ~aCaMM. 

06bi~Ho rrpMH.HTO rrpMITMCbiBaTb coce,rr,HMM co6biTM.HM Bbi,IJ,eJieHHoro rrpo

~ecca ( K=0) CTaH,rr,apTHbiT qacoB HeKoTopoe qMCJIO M ( MaCIIITaOHbiM MHOJKM-



4. 

TeJib) 11 rosopMTb, 11TO rrpoMeiKJ'I;'OK BJ>eMeHM MeJK,IJ.y TaKl1Ml1 cooHTl1HMl1 pa

BeH M e.rr,MHMIJ; speMeHM. PaseHCTBO Mac:lliTao~HX MHOJKMTeJieM: pasHbiX cTaH

.rr,apTHbiX 11acos A 11 B rrpH cosrr~eHHH T011eK A 11 B ocHOBbiBaeTcH Ha cpas

HeHHH ( OI .2) cooTBeTCTBeHHbiX rrpou;ec:cos 3THX -qacos. EcJIH JKe rrocJie 

cpasHeHHH 11acbl pasHeceHbi B rrpocTpaucT Be, To yJKe He cyrn;ecTsyeT orrbT

Ta, KOTOpbiM Obi orpaHl111HBaJI Hac B BI.IOOpe MaClliTaOHbiX MHOJKHTeJieM .II.JIH 

HMX *. Bbroop o.rr,HHaKOBHX MHOJKHTeJieM:, .rr,eJiaeMbiM OObl11Ho, - rrpocTeM:lliMM: 

Bbroop, Ho oT 3Toro oH He rrepecTaeT ObiTb KOHBeHIJ;HOHaJibHbiM I? I. qacTo

Ta, orrpe.rr,eJIHeMM KaK 11l1CJIO COObiTl1M B e.rr,l1Hl1Izy BpeMeHl1, TOJKe BKJII011a

eT 3TY KOHBeHIJ;l1IO. Ho B OIIbiTe ~l1rypapyiOT TOJibKO OTHOlli8Hl1.ff 11aCTOT IBI 
( B8Jil111l1Hbi Tl1IIa n/( I Y)e ) , KOTOpbre 13CTeCTB8HHO He saBHCHT OT KOHBeH

IJ;HH MaClliTaOHOrO MHOJKl1T8JIH. 

MMe.ff 3TO BBH.rr,y, oocyJK,IJ.aeMYIO K)HB8HIJ;l1IO JierKO l1CKJII011l1Tb 113 Teopl111 

c caMoro Ha-qana. [oi.3] - ~JIH 3TOrJ orrpe.rr,eJIHM rrpoMeiKJTOK speMeHH 

11acos T011Kl1 0 7;7..(0) MeJK,IJ.y rrpoHCX).II.H~HMM B T.O coobiTHHMM I 11 2, 

KaK 11HCJio yKJI~brBaiO~MXCH MeJK,IJ.y coo )rTMHMH I 11 2 "y.rr,apos" Bhr.rr,eJieHHoro 

( K=O) rrpou;ecca CTaH.rr,apTHbiX -qacoB, t1:Jil1 KaK OTHOlli8Hl18 no I m , eCJil1 

c.l l1 2 OTHOCHTC.ff K P.ff.II.Y rrepl10.U.l111e~KHX C00b1Tl1M l1 HaC"t1l1TaHO fYJ TaKMX 

COObiTl1M MeJK,IJ.y n(J "y.rr.apaMH". I1pl1 3 roM rrpoMeJKyTOK speM8Hl1 BbrpaJKaeT

C.ff (T011HO MJIH rrp~OJIHJKeHHo) pau;MoHarrbHbW 1111CJIOM. TaK KaK rrpH .rr,aHHoM 

OIIpe.rr,eJI8Hl1l1 IIpOMeJKyTOK BpeMeHl1 xapaKTepl13Y8T OTHOlli8Hl18 MeJK,IJ.y l13M8-

pH8MbWH COObiTl1HMH l1 rrpou;ecCOM B -qacax, TO Jil1lli8Hbi CMhiCJia BOIIpOCbi 

KaK o caMoKoHrpysHTHOCTH rroKasaHHM -qacos MeJK,IJ.Y OJIHJKaM:lliHMH y.rr,apaMH 

(H8l13MeHHOCTl1 MaClliTaOHOPO MHOJKHT8JIH) IIpl1 rrepeHOCe l1X, TaK l1 0 KOH

rpy3HTHOCTl1 IIOKa3aHHM .rr,syx y.rr,aJieHHb~ 11aCOB (B IIOJib3Y TaKOM T011Kl1 

speHH.ff CM. 3aMe11aHl1e KJIH~op.rr,a 0 N.aClliTaoax .II.Jil1Hbi 191). OTHM TaKoe 

rrpe.rr,cTaBJieHHe 0 BpeMeHH OTJIH-qaeTCB OT Illl1pOKO pacrrpOCTpaHeHHOM T011-

/7 ,IOI 
KH 3peHI1H • 



5. 

EcJIItl }Ke C06biTIII.ff Cl III g I1pOI1ICXO,Il.H:T He B TQqKe qacOB, TO Me}K,Il.y 

HIIIMIII III ,n.aHHbiMIII qacaMIII MO}KHO ycTaHOBIITb 3ltcrrepiiiMeHTaJibHy10 CB.ff3b TOJib

KO C ITOMO~biD CIIII'HaJIOB (HaiTpiiiMep, ~ -CIIII'HaJIOB). OTY CB.ff3b ITOJIHOCTbiD 

xapaKTepiii3JIDT ,II.Ba C06biTIII.ff OTITpaBJieHH.ff If -CIIII'HaJIOB III3 TQqKIII qacOB 0 

K C06biTIII.HM Cl , 8 III ,II.Ba C06biTIII.ff I1pi1IeMa B TOqKe qacOB 3TIIIX CIIII'HaJIOB, 

OTpa}KeHHbiX OT TOqeK, B KOTOpb!X I1pOI1I:30IIIJIIII C06biTIII.ff Cl III 8 , B MOMeHTbi 

C06biTIIIM Cl III t B HIIIX., [oi .4] - 06osHaqiiiM rrpoMe}KyTKIII BpeMeHIII qacOB 

T .0 Me}K,Il.y co6biTIIIHMIII oTrrpaBJieHIIIH t qepes ~B( 0), a Me}K,Il.y co6hr-

TIIIHMIII I1pi1IeMa t qepes ~; ( 0) III 6y,n.eM Ha3biBaTb IIIX KOOp,IJ.IIIHaTaMIII 

ciiirHarroB co6brTIIIi1 Cl III t . TaKIIIe ot5osHaqeHIIIH, HecMoTpH Ha rpoMos.n.-

KOCTb, y,n.o6Hbi TeM, qTo B HIIIX 0Tpa}Kai3TC.ff 3KCI1epi1IMeHTaJibHa.ff rrpou,e,n.y

pa III TeM CaMbiM JMeHbiiiaeTcH BOSMO}KHOI~Tb rryTaHIIIU,bi. 3TIII o6osHaqeHIIIH 6y

,n.eM I1piiiMeHH:Tb III B TOM CJiyqae, KOI',II.a TOJibKO O,Il.HO III3 ,II.BYX C06bTTIIIM rrpo

III30IIIJIO He B TOqKe qacOB ( CM. piiiC. la rz- ( 0) ~ f{' ( 0) , f[ f ( 0) -
t'f 12 1'1 

rz;3 ( 0) ) • 

2. Orrpe,n.eJIIIIM OTHOCIIITeJibHoe ,II.BIII:KeHIIIe ,n.Byx 6JIIII3KIIIX T .A III 0 ,II.JIH 

CJiyqaH, KOI',II.a T.A rrpOXO,II.IIIT qepes T. 1) III y,II.aJIHeTC.ff OT Hee. B 3TOM 

8Kcrrepi1IMeHTaJibHOi1 orrepau,IIIIII ( pi1Ic. I a) qacaMIII ToqeK A III 0 MoryT 6biTb 

r;--( ) r;-+(-) r;- ( 
III3MepeHbi TOJibKO CJie,n.yru~e BeJIIIIqJIIHbi - c.. /If 0 ' 'I 'I u ' L ''-1 A). 

[02. l] - BeJIIIIqiiiH¥ e,4 ( 0) = ( ~; - rr;; ) 12 Ha3biBaeM JIOKaiJ,IIIOHHOM 

KOOp,II.IIIHaTOM C06biTIIIR 4 ( B T .A) OTHOC:1TeJibHO TOqKIII 0. [02 .2) - ilpe,n.e-

Jibi ,;M;(O), p;(O), ./'!1(0), K K)TOpbiM CTpeMH:TC.ff COOTBeTCTBeHHO 

OTHOIIIeHIIIH - ~'i ( 0) I ~~ ( 0)' e,'i( ) ) I rr,;c 0)' ~'-1 ( 0) I rz;'l (A) rrpiii 

JMeHbllieHIIIIII , qiiiCJieHHO xapaKTep il3JIDT 6biCTpOTY ,II.BIII}KeHIII.ff T .A III t 
OTHOCIIITeJibHO T.O. 0,n.HaKO, qT06bi He fCJIO}KH.ffTb I1pi1IBbJt1HOM TepMIIIHOJIOI'IIIIII, 

6y,n.eM I'OBOpiiiTb 0 ,II.BIII}KeHIIIIII T.A OTHOC~TeJibHO T.O. 

(I) 

~ ilOCTYJIIIIpyeM oco6eHHOCTIII OITbira ITO rrepeCbiJIKe t -CIIII'HaJIOB 

Me}K,Il.y ,II.BIII}K~IIIMJIIC.ff TOqKaMIII. [A3.~ - ~BIII}KeHIIIe IIICTQqHIIIKa ~ He CKa-



6. 

3biBa8TCH Ha 8ro pacnpocTpaH8Hl18. 3T 1M o6ycnasJIMBa8TCH yp,o6cTso MC

rroJib30BaHMH ~ s Ka~8CTB8 CMrHana. JA3.2] - EcJIM Haxop,H~l18CH s oT

HOCMT8JibHOM ,II,Bl1*8H:vll1 ~ac~ T0~8K A ~ 0 ~8p83 ,IJ,OCTaTO~HO KOpOTK08 

Bp8MH TIOCJI8 COBITa,IJ,8Hl1H (c.I) OOM8Hl1BaiDTCH ~ (pMc.I6), Torp,a: 

= rz: (o; I rz- ~- (/1) 
IS IS" (ol 

(2) 

T. 8., s TaKoM orrbiT8 ~acbi "pasHorrpaEHbi". B ~acTHOCT¥1, BbiiTOJIH8HMH ( 2) 

Tp80Y8M H83aB:vlC:vlMO OT paBHOM8pHoro YlJI¥1 YCKOp8HHOrO ,IJ,Bl1*8Hl1H ~aCOB 

T.A ¥1 0 OTHOC:vlT8JlbHO p,pyrMX T0~8K. 

[3.I] - Ha OCHOBaH:vl¥1 (I) ¥1 (2) ITO]y~a8M* OIT:vlCaH¥18 ~aCTH~ro CJI~aH 

8cpcp8KTa ,Il_oTIITJI8pa ¥1 CBH3b XapaKT8p¥1C.Tl1K ,II,B¥1*8Hl1H: 

rz;~ {;I)= rz;v+ (o) (f':(o) / )1~(0/ " rz;; (o) (/; {o)/ j";{o) (3a) 

,!11 {o)=j0 {fl) 1 /'\J'Jt- 1 tj /'+-1//- =1 (36) 

AnH TO~K¥1, ,IJ,Bl1*~8MCH M8,IJ,JI8HH88 f -cMrHana, rrpoM8*YTK¥1 B03MO*Hb~ 
- + 

3Ha~8Hl1M /' ' "' 'r COOTB8TCTB8HHO TaKOBbT - ( 0' ()0 ) ' ( 0' I/2)' 

( 0, oo ) • 113 sToro M cooTHOill8J:ll1H (I·, BM,II,Ho, ~To ~acT:aqa A, *l1B~aH 

cKOJib yrop,Ho KOPQTKO ( 7;lf (A) -7 0) , M0*8T l1M8Tb KOH8~H08 ~'I ( 0) • 

3To o6nHCHH8T 683 ccbiJIOK Ha scpcp8KT 11 3aM8,IJ,JI8HMH sp8M8Hl1 11 Ha6JIIO,IJ,8Hl18 

y rros8pXHOCTM 38MJI:vl / -M830Hos, p)JK,I1,8HHb~ s B8pXHMX CJIOHX aTMoccp8-

pbi. 

_!. {04. I] - Byp,8M Ha3~BaTb To·.rKI1 A l1 B rroKo~MMI1CH OTHOCMT8Jib

Ho p,pyr p,pyra, 8CJI:vl I1pl1 I18p8CbiJIK8 ~ -Cl1rHaJIOB l13 T .A B T oB l1 ¥13 

T.B B T.A rrpOM8*YTOK sp8M8Hl1 M8*,IJ,Y OTrrpaBJI8Hl1HMI1 ,IJ,Byx t l13 O,IJ,HOM 
,-- r.-

TO~Kl1 ( t11 (A) MJI¥1 L3'1(B)) pas8H :-rpoM8*YTKY sp8M8Hl1 M8JK,IJ,Y rrpl10biTI1-
r;--1 r-+ 

HM¥1 8Tl1X t B p,pyryiO TO~KY ( i 12 (B) YlJI¥1 t.3,/A)). BCJI8,IJ,CTB¥18 8TO-



?. 

ro JIOKaiJ;JAOHHhle KOOp,IJ,IAHaTbi JIIOObiX: COObiTMM B O,Il,HOM TOl.!Ke OTHOCIATeJibHO 

,rr,pyroi1 TOtiKM He MeH.HeTC.ff co BpeMeHeM. [a4.i} - By,rr,eM Ha3HBaTb ee 

paccTOHHMeM MeJK,TIY 3TMMIA TOl.!KaMIA. TepMIAH "paccTO.ffHIAe" ynoTpeon.HeTcH 

HIA*e TOJibKO ITO OTHOilleHiriiO K Helri3MeHf.IO~eMC.ff JIOKaiJ;IriOHHOM KOOp,IJ,IriHaTe. 

[A4. I] - llpe,IJ,ITOJiaraeM, t!TO HeKOTOl'Oe MHO*eCTBO ITOKO.ff~IriX:C.ff TO'lieK 

MO~O OTOOpa3IriTb Ha OOJiaCTb MHO*eC~Ba MaTeMaTMtieCKJriX: TOt!eK TpeX:Mep

Horo ITpOCTpaHCTBa. [04.3] - l1p.HMJ'KI OITpe,rr,eJIMM KaK 00pa3 TOtieK Tpa

eKTOpiriiri '(f -cJArHana. BJ4.4] - MeTpiAey BBO,IJ,MM, ITPIAITJACbiBa.H paccTo.ff

HJAe Me)K,ll,y ITOKO.ff~MMJriC.ff TOl.!KaMJri COOTHeTCTByiO~MM MaTeMaTiritieCKiriM TOt!

KaM. 11Me.ff BBiri,IJ,Y 3TO OTOOp~eHMe, oy,rr,eM roBOpiriTb 0 ITpOCTpaHCTBe ITO

KO.ff~JriX:C.ff TOtieK. BoiTpoc o BM,IT,e reoME~TpiAM B 3TOM ITpocTpaHCTBe, ITocne 

ITpiriH.ffTbiX OITpe,rr,eJieHJAM ITpHMOM Iri pacc'lO.ffHiri.ff MeJ!\ll.Y TOtiKaMiri, CTaHOBMTC.ff 

BoiTpocoM 3KciTep11MeHTa. [A4.2] - IIpe,rr,ITonaraeM eBKJIM,rr,oBy reoMeTpMIO. 

[4.I] - 113 OITpe,rr,eJieHM.ff ITOKO.ff~JriX:C.ff TOl.!eK CJie,rr,yeT, 'liTO ,IJ,JI.ff c.I 11 2 
r;- .. r;- + 

B y,rr,aneHHbiX TO'liKax I IA 2 JAMeeM L 
1 
~ (I ) = L 12 ( 2) • 

5. fo5.IJ - ECJIJri CiriCTeMa ITOK).ff~MXC.ff TOtieK TaKOBa, t!TO ,IJ,JI.ff 

JIIOOOM 3aMKHyTOM TpaeKTOp1111 (3a,IT,aBa3MOM ITOKO.ff~IriMJriC.ff T.) BpeMeHa ITpO-

oera ee -CJrirHaJiaMM B OOOMX HaiTpiBJieHM.ffX: paBHbi MeJK,TIY COOOM, TO 

11CITOJib3yeMbie ,IJ,JI.ff M3MepeHMM TOl1K11 ( II l.iaCbi B HMX) 113 3TOM CMCTeMbi 

ITOKO~X:C.ff TOtieK. oy,rr,eM Ha3biBaTb cM:;TeMOM OTC'lieTa (c.o.). roBOp.H 0 

c.o., oy,rr,eM yKa3biBaTb HeKOTOpyiO TOqKy ee, HaiTpiAMep, c.o. TO'liKM A 

(c.o. T.A). 3aMeTMM, t!TO ,Il,JI.ff paBHOMepHO Bpa~aiO~MXC.ff ITO 0Kpy*HOCT11 

TO'lieK ITpJABe,rr,eHHOe Bb@e YCJIOBMe He BbmOJIH.ffeTC.ff, IT03TOMY OHJri He MoryT 

ObiTb MCITOJib30BaHbi B KatieCTBe c.o., X:OT.ff OHM 11 ITOKO.ffTC.ff (eM. IT.8) 

OTHOCiriTeJibHO ,rr,pyr ,rr,pyra. 

[5.I] - HeiTocpe,rr,cTBeHHbre cne,IJCTBiri.ff oiTpe,rr,eneHiri.ff c.o. TaKOBbr: 

a) BpeM.ff ITpooera d -CirirHaJia ITO 32MKHYTOM TpaeKTOp11Iri, 3a,IT,aHHOM B 

HeKOTOpOM c.o., paBHO ,Il,JIJriHe TpaeK~OpiAM; B) ,IT,Ba t -CJrirHana, CTap

TyiO~Jrie Iri3 O,IJ,HOM TOt!Kiri, ~JriHJriilliripyiOT B ,rr,pyroi1, pa3,IT,eJieHHbie ITpoMe*yT

KOM BpeMeHiri, paBHbW pa3HOCT11 ,IT,JIJAH ITpoi1,rr,eHHbiX TpaeKTOpiAi1; C) ,Il,JI.ff 



8. 

Tpoi1KVI co6biTVIi1 I, 2,4 ( TO"t1KVI I VI 2 rrpvrHa,n,JieJKaT c. o.) MOJKHO rroJiyqVITb* 

"ypaBHeHVIe TpeyrOJibHVIKa", CBH3biBaiD~,;e VI3MepHeMbie KOOp,IJ.VIHaTbi CVIrHa

JIOB STVIX COObTTVIM: 

3aMeTVIM, "t1TO B OTJIVI"t1VIVI oT CTO VIbi orrpe;o.eJIVIJIVI c.o. rrocJie;o.oBaTeJib

HO VI TOJibKO cpe,IJ.CTBaMVI KVIHeMaTVIKVIo iey,IJ.OBJieTBOpVITeJibHOCTb orrpe,IJ.eJie

HVIH VIHep~VIaJibHOM c.o. MHOrVIX O"tieHb 6eciiOKOVIJia (eM., HarrpVIMep, /II/). 

06bNHoe ,IJ.VIHaMVI"t1ecKoe orrpe;o.eJieHvre c.o. -qepes TpeooBaHvre rrpHMOJIVIHeM

HOCTVI ,IJ.BVIJKeHVIH TeJia, Ha KOTOpoe He ~ei1:CTByroT CVIJibi, CBO,IJ.VIT ero K He 

6oJiee orrpe;o.eJieHHoMy Borrpocy - KaK ycTaHOBVITb OTCYTCTBVIe cvrJI VI npHMo

JIVIHei1:HOCTb ,IJ.BVIJKeHMH. ITosToMy ~aKTVI~ecKVI B CTO sa VIHep~HaJibHyro CoOo 

IIpVIHVIMaeTC.ff TaKaH, B KOTOpOM BbillOJIHHIOTCH rrpe,IJ.CKa3aHVIH TeOpVIVI. B Ta

KOM cwrya~VII1 Herrocpe,IJ.CTBeHHOe VI KVIreMaTVI"tieCKOe orrpe,IJ.eJieHVIe CoO• 

(04.I, 05.I) rrpe;o.cTaBJIHeTCH 6oJiee rpe;o.rro"t1TVITeJibrthiM. 

liTO Obi coyrropH,IJ.O"t1VITb ( KOOp,IJ.I1HVIJ10 BaTh) j{ COObiTVIM B TO"t1KaX C. 0. , 

,IJ.OCTaTO"t1HO 3HaTb ,IJ.JIH KaJI\Il.OM rrapbi C. I l1 2 OTHOCVITeJibHbie KOOp,IJ.VIHaTbi 
r;-+ r;-f r,·- r;--

cHrHaJIOB L12 (I), L2.1(2) (VIJIVI L/2(1), t/1. 1 (2), eM. 4.1), a Bce-

ro - KOt-I) BeJil1"l1VIH. Ho ,IJ.JIH KaJK,IJ.Oi1: Tpoi1KVI co6biTVIi1 VIMeeTCH ypaBHeHvre 

TVIITa ( 4) , CBH3biBaiO~ee KOOp,IJ.VIHaTbi CHrHaJIOB. 3Ha"t1VIT, ,IJ.JIH KOOp,IJ.VIHai..J;VIVI 

Tpex COObiTVIM ( eCJIVI OHVI He JieJKaT Ha O,IJ.HOM IIpHMOM, Ha3biBaeM VIX 6a3VIC

Hb1MVI co6biTVIHMVI) ;o.ocTaTO"t1HO sHaTb Ho 6, a 5 BeJIVI"t1VIH. JlerKo rroKasaTb, 

"tiT 0 ,IJ.JIH "tieTbipex TO"tieK ( TeTpas;o.p, 4 TpeyrOJibHVIKa) VIMeeTCH TOJibKO 3 

HesaBVICVIMhiX ypaBHeHVIH. 11MeH sTo BBH,IJ.y, paccMOTpVIM coobiTVIH B K TO"t1-

Kax. C BeprnVIHOM B K-oi1: TO"t1Ke VIMeeM (K-I)(K-2)/2 TpeyroJibHVIKOBo 11M 

COOTBeTCTByroT HesaBVICVIMbie ypaBHeHVI.I, TaK KaK B KaJI\Il.OM VI3 HVIX eCTb 

rrepeMeHHbie He IIOHBJIHIO~VIeCH B OCTaJI :,HbiX. JliOOOM JKe TpeyrOJibHVIK VI3 

TpOMKVI TO"tieK, He BKJIIO"t1aiO~VIM B ceOH K-yro TO"t1Ky, oopasyeT TeTpas;o.p 

BMeCTe C K-OM TO"t1KOM, a 3Ha"t1VIT STO:vfy TpeyrOJibHVIKY COOTBeTCTByeT 
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ypaBHeHHe, aaBHCHMOe OT OCT8JibHbiX Tpex ypaBHeHHti ,JJ.JI.ff TpeyrOJibHHKOB 

3TOPO T9Tpa3,JJ.pa. [5.2] - TaKHM oopaaoM H3-3a (K-I)(K-2)/2 ypaBHeHHii 
, 

CB.ff3H THOa (4) ,JJ.JI.ff K COOHTH~ H3 K(H-I) B03MO*HHX KOOp,JJ.HHaT CHPH8JIOB 

OCTaiDTC.ff He3aBHCKMHMlii TOJibKO 5+4(K-3)+(K-3)(K-4)/2 BeJIHqliiH. 

[5.3] - YlcnOJib30Ba.HHe cpaKTa TpeXMepHOCTlii npOCTpaHCTBa llOKO.ffrqHXC.ff 

ToqeK (3~aHHe paCOOJIO~eHH.ff T.4 H 5 OTHOCHTeJibHO TpeX Oa3HCHMX TO

qeK npHBO,JJ.HT K aHrumro 'Z'is H aHaqHT K ypaBHeHHIO CB.ff3H J. 2'1S = 
= ~;(4) - ~~~(4)) OCTaBJI.ffeT TOJibKO 5+4(K-3) He3aBHCHMHX BeJIHqwH-

llflTb ,JJ.JI.ff KOOp,JJ.HHa~H TpeX Oa3HCHHX COOHTHH, a K~OMY H3 OCTaBmHXC.ff 

(K-3) COOHTHH COOTBeTCTB,YeT no qeT~pe BeJI~HH, KOOp,JJ.KHHpyrorqHe ero 

OTHOCHTeJibHO oaaHCHhlX coOHTHK *. B qacTHOCTH, B KaqecTBe npocTpaa

CTBeHHHX Koop,JJ.HHaT c.4 MoryT OhlTb E3.ffTH TPH paccTO.ffHH.ff ToqKH c.o., 

B KOTOpOK npOH30WJIO COObiTHe 4, OT da3HCHHX ToqeK ( 1 l 1y = cz;; (I) -

- T1~(I)), a B KaqecTBe BpeMeHHOR ROOp,JJ.HHaThl- Jirooaa H3 mecTH Ko

op,JJ.HHaT CHPHaJIOB. 

Koop,JJ.HHaTbi CHPHaJIOB COObiTH.ff OTHOC.ffTC.ff K Oa3Hcy, TaK KaK OHK 

MeH.ffiOTC.ff npH nepexo,JJ.e K ,JJ.pyrHM oaaHCHhW ToqKaM ,JJ.aHHoA c.o. Ho pac

CTO.ffHHe Me~ ToqKaMH (aToii c.o.) coohiTHK 4 H 5 Ztts ocTaeTcfl HHBa

pHaHTOM npH 3TOM. [5.3] - KpoMe l'tJ, M01!HO H3 KOOp,JJ.HHaT CHPHaJIOB 

cooi>ITHti 4 H 5 nocTpOHTb e~e HHBapHaHTHYJO BeJIHqH:HY npH aaMeHe 6aaHc-
u+ r.+ c,- ,.-

HbiX ToqeK ,JJ.aHHoA .c.o. - 2T45 = ( L«r(A)- L"''t(A) )+( L0{
5

(A)- Lo<v(A)) 

(HCllOJib3yeM COOTHOilleHHe THna (4) ,JJ.~.ff c.I,2,4 H c.I,2,5). 0Ha He aa

BHCHT OT TOPO, B KaKOK T.A ,JJ.aHHOK c.o. llpOH3BO,JJ..ffTC.ff H3MepeHH.ff npo-
c- + o- + r;- - (J - -/ 

MeJKYTKOB BpeMeHH L«s , L o<'f , t.. otS , LO('f H oT KaKoro coohiTH.ff ""' B 

T.A 3TH rrpoMe~YTKH oTcqHTbiB~Tcfl. T.o., oJiaro,JJ.ap.H CBOKCTBaM c.o. 

,JJ.JI.ff llpOH3BO~bHhlX c.4 H 5, C~eCTByroT ,JJ.Ba He3aBHCHMhlX HHBapHaHTa ~ 

L'fS H Tvs, OTHOC~XC.ff K c.o. 

~.ff ,JJ.eMOHCTpaQHH c~eCTBOBaHHfl ,JJ.pyrHX BeJIHqHH i TOK ~e HHBapH

aHTHOCTbiO, BBe,JJ.eM BeJIHqJiHY BH,JJ.a: 7~s ( ~ )= lvs -( 'lt.ts·Y? ) , r,JJ.e 

I 

I 



IO. 

'1 rrpo113BOJibHbrt1: BeKTop e / Yj / {. I ( eeJI11 B o6osHa1JeH1111 HeT v; 
TO '1 = 0). [5.4] T ( ~ ) 11MeeT TaK11e eaot1:eTaa: a) ~JIH asa11Mo-

~et1:eTB11H, paerrpoeTpaHHIOr:qeroeH MeJKfJ.~' e .4 11 e. 5 Me,n,JieHHee 't , 
T'ts( VJ ) > 0; 6) ,II,JIH JII06bDc eo4,b,6 errpaae,n,JI11BO paBeHeTBO Tl(S C1 )+ 

+Ts, ( 1 )= TV
6 

( VJ); a) eeJI11 JKe e.L, 11 b rrpo11exo~HT B o~Hot1: T011Ke 

(T.A)' TO TlfS cv;) paBHHeTeH rrpoMet.~TKY BpeMeH11 ~s(A). Bee 3TO 

(5.3, 5.4) ~eJiaeT T( r ) y~o6Hot1: BpeMeHHOM KOOp,IJ,11HaTot1: (eyr:qeeTBJIOT 

11 ,n,pyr11e erroeo6b1 BBe~eH11H rro~o6HbiX Koop~11HaT 131). KoHBeHL010HaJib

HOeTb T( 1 ) eKa3biBaeTeH B TOM, lJTCl MOJKHO BbJ611paTb pa3HbTe "/ I1p11 

O~H11X 11 TeX JKe 3Kerrep11MeHTaJibHbTX ~U.HHbiX 0 eo6biT11HX 4 11 b, 3~aaae

MbTX KOOp,IJ,11HaTBM11 e11rHaJIOB (eM. OI.L,, b.J). 

B rr.2 11 3 paeeMaTp11BaJIOeb ~B11HeH11e ~Byx T. TOJibKO B MaJIOt1: 

oKpeeTHOeT11 3T11X TOlJeK. Terrepb, 6Jiaro,n,apH e.o., MOJKHO sa~aTb ,II,B11JKe

H11e I1p0113BOJibHOM T. e ITOMOiqbiO TOJibi:O Tpex qaeoB 6as11eHbTX TOlJeK. Ho 

3TO eTaHOB11TeH B03MOJKHbTM TOJibKO ITOC:Jie TOPO, KaK MHOJKeeTBO I10KOHiq11X

eH TOlJeK I103BOJI11JIO 113Y1J11Tb reoMeTpHIO B TOM qaeT11 M11pa, r~e Mbl eTa

B11M eB011 3Kerrep11MeHTbi • 

6. ]erKO ITOKasaTb, lJTO rrpo~e~~a 113MepeH11H BpeMeHHOM KOOp~11Ha

Tbi tl.( S" B CTO eeTb qaeTHbit1: eJiyqat1: orrepal0111 113MepeH11H T45 • BoerroJib

soBaBJJ111eb 3T11M, ~OJKHO o6o6Iq11Tb 11 ynpOeT11Tb rrpou;e~y BpeMeHHOM KO

op~11Hal0111 B CTO, 11erroJibSYH 113MepHeHJIO JII06bTM11 11aeaM11 T
45 

BMeeTo 113-

MepHeMot1: qaeaMH TOlJeK 4 11 5 tlfS" • Hp11 3TOM BbmyKJIO BbrpHeOBbiBaeTeH 

pOJib rrepeebiJIK11 't -e11PHaJIO B BO Bee~: K11HeMaT111JeeK11X 113MepeH11HX. 

06bNHM ~ayeTyrreHlJaToeTh orrep~1111 usMepeH11H illS' B CTO ( e11HXpOHHsa

IJ;11H qaeoB, OTelJeT ITOKasaHHM qaeoB) o6oeo6JIHeT rrepeebiJIKy tf OT OTelJe

Ta rroKasaH11t1: qaeoa. IIosToMy HHBapHaHTHoeTb ( 5.3) BeJI111111Hbi T t,tS = 
,..-;- + r:--

= L 
4

S + L Lf S oeTaeTeH B CTO HeBLIHeHeHHOt1:, a yrrop ,n,eJiaeTeH Ha 

e11HXpOH113~11IO qaeoB, KOTOpaH He Heo6XO,IJ,11Mao IloeJie e11HXpOH113au;1111 B 

OTelJeTe ITOKa3aH11M qaeoB Me11\TI.Y eo6bl'711HM11 B Y~aJieHHbTX TOlJKaX tP11Pyp11-

pyroT TOJibKO 3T~ ~Ba C06HT~H (KaK ~ np~ C06HT~RX, npO~CXO~Rr:q~X B 



II. 

TOqKe qacoB) H C03~aeTCH BneqaTR€H~e, qTo onepa~HH IIORyqeHHfl r 0~
HHMH qacaMH H ~BYMH qacBMH pa3nHqa.R>TC.H Hec~ecTBeHHO. Ho, KaK MbT 

BH~en11 ( 5.3), npH nonyqeHliH T( '1 ) ~JI.H y~a.JieHHbiX co6biTl1ti ljl11ryp11-

pyeT 1!eTb1pe C06biTI1.11 ( B OTJII11!Me OT LA 3MepeHMH IIpOMeJKyTKa BpeMeHM 

MeJK,II,y C06biTMHMM B TO'C!Ke 'C!aCOB) l1 MCITOJibsyeTCH KOHBeH~H Bbi6opa 

(COOTBeTCTByro~aH KOHBeH~MM 0 CMHXpCHI13~MM 'C!aCOB /
3/). 

CKopocTb - V ( VJ ) = 2t,s /TYS ( '?), KaK xapaKTepMCTMKa p,BMJKeHMH, 

OTJIM'C!aeTCH OT BeJIM'CIMH / +, f- , / TeM, 'CITO B HeM OTpaJKaerrcH KOH

BeH~OHaJibHOCTb Bbr6opa BpeMeHHoti: KC opp,MHaTbl. HarrpMMep, ecJIM HeKoTo

pbre TO'CIKM HMeiOT , OTJIM'C!alOUJ;MeCH 'I OJibKO HarrpaBJieHMeM, TO v ( }' .fO) 

P,JIH 3TMX TO'C!eK 6yp,yT OTJIM'C!aTbCH l1 fO BeJIM'CIMHe (OITMCaTeJibHaH He Ha-

6JIIO,JJ,aeMM "aHM30TpOIIMH" /
3/). flpM ~~ = 0 v ( ~ ) COBIT~aeT CO CKO

pOCTblO B CTO, ecJIM rroJIOJKMTb cKopoc'Ib cBeTa B Heti: paBHoti: e~MHM~e 

( V {o) = I'/ (i +)" 1 
) • 

7. llT06bi ITO,IJ,l.iepKHyTb QeJieC006IMHOCTb orrpep,eJieHMH (01.3) rrpo

MeJKy'rKa BpeMeHM KaK pa3HOCTM ITOKa3t:HMM · TOJibKO O~HMX 'C!aCOB, cpaBHMM 

6eCKOHe1!H06biCTpb1M CMrHaJI C 3JieKTpor-.arHMTHbiM IIpli KOOp,IJ,MHa~M C06bi

TMM. ITpM p,orr~eHMM c~ecTBOBaHMH 6EcKoHe1!HO 6HcTporo cMrHaJia P,BYM 

(p,aJKe yp,aJieHHbiM) C06biTMHM 4 l1 5 O,IJ,I- 03Hal.iHO COOTBeTCTByeT IIpOMe.JKy-

r;-+. (J+ 
TOK BpeMeHM - L'fS(B)= Lvs(C), He 3aBMCH~t1 HM oT Bbr6opa TO'CIKM 

qacoB, HM oT ee ,IJ,BMJKeHMH. Tor,n,a ~eJ ecoo6pa3HO 61mo 61r orrpe,n,eJIHTb 

( B OTJIM'CIMM OT OI .3) rrpoMe.JKYTOK Bpm.:eHM KaK pa3HOCTb rroKa3aHMt1 qacoB 

Me.JK,n,y CMPHaJia.MM, .ITPMIIIep,IIIMMM OT 3TMY C06biTMM. 

HcrroJib30BaHMe JKe t -cMrHaJIOB ,TI,JIH ycTaHOBJieHMH cooTBeTCTBMH 

Me.JK,TI,y C06biTMHMM l1 ITOKa3aHMHMM yp,aJIE HHbiX OT Hl1X l.iaCOB MeHHeT p,eJIO • 

EcJIM c.4 M 5 rrpoMcxop,HT B op,Hot1 TO'-:Ke (A) HeKoTopoti: c.o. (T.A,B 9C), 
c r;-+ 

TO, 6Jiaro,n,apH cBoti:cTBY rroKoH~MXCH 'J'Ol!eK, - LysCA) = L~tfB) = 
r;-- r;-+ 

= L'f.f(B)= Lv.f(C). H P,JIH 3Toro qac.THoro cJiyqaH rrpoMe.JKyTKM BpeMeHM 

co Brrap,aJIM 6bi P,JIH o6o11x orrpep,eJieHMti:. Ho P,JIH yp,aJieHHbiX B ,IJ.aHHoti: c. o. 

C06biTMM o6a paccMaTpMBaeMbie orrpe,n,eJ:eHMH He rop,HTCH: O)J,HO l13-3a 

+ rrf 
Toro, l!TO- 'llt/B).f L'IS(C), p,pyrCie (01.3)- M3-3a oTcyTcTBMH B 

3TOM C.O. l.iaCOB, B TO'C!Ke KOTOpbD: IIpOMCXO)J,MJIM 6bi o6a C06bJTMH. 



12. 

4enecoo6pa3HO nM B TaKOM CHTya~MM TipM6erHyTb K TpeTbeH B03MO*HOC

TM - Ha3biBaTb I1pOMeJKyTKOM BpeMeHM MeJK,II,y .ry.n,aneHHbiMM C06biTMHMM Bpe

MeHH~O Koop.n,HHaTy T4s< 1 ) M cqHTaTb c.4 H 5 o.n,HoBpeMeHHb~M, ecnM 

Tvs( 1 )=0 ? 11To6H npH 3TOM Ms6eJKa'Ib noHBneHMH MHOJKecTBa "BpeMeH" 

B O)J,HOM C. 0. ( pa3Hbie v; ) , MHOr.n,a IJbiTaiOTCH Bbi)J,enMTb cnyqaM C 1 =0 

(eMy COOTBeTCTByeT OpTOPOHanbHaH CV.CTeMa KOOp)J,MHaT B npocTpaHCTBe 

MHHKOBCKOPO). flpH TaKOM onpe.n,eneHH:vl BpeMeHH, BO-I18pBbiX, M3 BCeB03-

MO.IKHbiX BpeMeHHbiX KOOp)J,HHaT Bbi)J,enHe'I CH C.JiyqaM C ~ = 0, BO-BTOpbiX, 

r;-
BpeMeHHaH Koop.n,HHaTa T M noKasaHHH qacoB l He pasnHqaroTCH. Ho Bbi-

6op qacTHoro sHaqeHHH 1 = 0 (MnH Jro6oro .n,pyroro) .n,enaeTcH TonbKO 

Ha OCHOBaHHH Hamero y.n,o6CTBa H HBm: eTCH l{OHBeH~HeM, T. K. T~J" (? ) 
I1pH ni060M '1 TIOnyqaeTCH Ha OCHOBai-.HH O)J,HMX H TeX .IKe KOOp.U,MHaT CHr

HanOB .n,nH c.4 M 5 (01.4, 5.1). 0cHCBHOe .IKe BOspa.!KeHMe npOTHB o6ne

)J,11HeHMH B O)J,HO TIOHHT11e TIOHHT11H npm-relKYTKa BpeMeHM rz ( 01 .3) C TIOHH

TMeM BpeMeHHOM Koop.n,MHaTbi T( 1 ) ( E,.4) onMpaeTcH Ha cy~ecTBeHHoe 
r:

pasnMqMe onepa~H MsMepeHMH 3TMX BE:JIM~H. KpoMe Toro, BeJIMqMHa t. 

Bbi)J,eJieHa TeM, qTo oHa cBo6o.n,Ha OT I:OHBeH~MM, npMcyru;eM T( '7 ) . TaK 

qTQ npe,II,CTaBJIHeTCH npaBMJibHbiM OTKa~laTbCH OT TIOHHTMH BpeMeHM )J,JIH 

y.n,aJieHHbiX C06biT11M M OTJIMqaTb BpeMeHHbie KOOp)J,MHaTbi OT npoMeJKyTKa 

BpeMeH11. 

8. CooTHOUieHHe (ja) onHcbmaeT omiT no nepeCbiJIKe ¥ Me){Qzy qa-

* caM11, pasJieTaro~11MMCH H3 ToqKM. BBe~\eHMe c. o o nosBOJIHeT noJiyqMTb 

onMcaHMe no.n,o6HoM nepecbiJIKH B o6~e111 cJiyqae, Kor.n,a qacbi y.n,aneHbr, M 

M3BeCTHbi B HeKOTOpOH C. 0. T .0 )J,B11JK(;HMH MCTQqHMKa ( /A ( 0)) M .n,eTeK-

TOpa ( jt8 ( 0)) CMPHanOB: -

rz;1 (A) (r+ ,;(0)+ 7.2i0)~ '0~<B I ( l+ ,;(0)+ Zo<O) (b) 

3.n,ecb c.I H 2 - OTTipaBneHMe ~ -CM~HanOB 113 ToA, c.3 M 4 - TipMeM 

MX B T.B. 



CooTHOllleHMe, OIIIt!CbiBaiO!l\ee scWJeKT ,l.l.orr:urepa, rroJiyqaeTcH M3 ( 5) rrpM 

Z/3. , 7. 3'( c( < li'f' Z13 ( B rrpe~eJie 2~2 It! 7_J'I -?> 0) : 

'l (A) [ fr+ j') col- /"col C4-J ol coJ ~ rr+cB{ fi+ ~~col 
- /a co) fA1 f3 co ) 

( 6) 

3~eCb yrJibi 0(. It! j3 OTCl:Jit!TbiBaiOTCH 0 r TpaeKTOpit!It! 't K TpaeKTOpit!HM 

T .A It! T .B COOTBeTCTBeHHO; 3Ha1JeHit!H f~ ( 0) , o{ ( 0) 6epyTCH Me}K,IJ,y 

C06biTit!HMit! ITOCbiJIKit! ~ , a /B ( 0) , j3 ( 0) - Mell\TI.y C06biTit!HMit! IIpit!eMa 

't. 
Ha OCHOBaHit!It! (6) HeTpy~HO IIOJiyqJt!Tb * OIIIt!CaHit!e Mec6aypOBCKit!X 

poTopHb!X 3KcrrepMMeHTOB. B -qacTHOCTM, TOl:JKH, paBHOMepHo ap~aroqMecH 

ITO OKpy)llliOCTit!, y~OBJieTBOpHIOT YCJIOBMHM ( 04. I) IIOKOHl~It!XCH OTHOCit!TeJib

HO ~pyr ~pyra TOl:JeK. 

113 (6) CJie~yeT, liTO TOl:JKit! O~HOH C.O. B ~pyrot1: C.O. It!MeiOT O,II,It!Ha

KOBOe ,II,BM*eHit!e ITO BeJIIt!l:Jit!He It! HarrpaEJieHMIO. 11. o6paTHO - ecJIIt! HeKOTO

pHe TOl:JKit! It!MeiOT O~HO It! TO *e ,II,BM*er,Jt!e B HeKOTOpOH c.o., TO OHM MO

ryT 6b!Tb It!CIIOJib30BaHbi B Kal:JeCTBe TC l:JeK ~pyrot1: C. 0. 

9. CooTHorneHMe ,II,JIH a6eppa~M ( MO*HO rroJiyliMTb, It!CITOJib3YH rro

CTOHHCTBO oTHorneHMH 7: (A)/ CZ' +(B) B ( 6) , rrpM paccMoTpeHMM OIIbTTa B 

c.o. T.A It! B c.o. T.B: 

(7) 

0Ho c BH3biBaeT yroJI f (B) Me}K,IJ,y HarrpaaJieHMHMH I 11 fi (B) B c. o. 

T.B C yrJIOM f (A) Me}K,IJ,y HarrpaBJieHLHMit! TOro *e 't It! /l3(A) B c.o. 

T. A ( f (A) It! f (B) - pasHbTe yr JibT: a He O,II,HH yroJI B pasHbiX c. o. ; 

!'A (B)= /RJ (A)= ji). 
IO. 0cHOBHOt1: rrocTyJiaT paccMaTpimaeMot1: aKCMOMaTMKM (A3.2) cpaKTM

liecKM yTaep}K,IJ,aeT cyqecTBOBaHMe rrap "paaHorrpaBHbiX" (cMMMeTpMliHbrx) 

OilbiTOB rrpit! 06MeHe 't -Cit!rHa.JiaMM MeJQJY ,IJ,BJMH ,II,OCTaTOl:JHO 6JIM311Kit!Mit! 

,II,BM~MMMCH TOl:JKaMM. Ho 3TO caot1:cT:3o Mo*eT MMeTb MecTo It! ~JIH y,rr,a

JieHHbiX TolieK. OcHOBbma.rrcb Ha ( 6) ( (~xeMa rrepecbiJIKM 'f -cMrHaJIOB 



I4. 

rrpe~cTaBneHa Ha p~c.2, BH~3Y- c.o. T.O, BBepxy- c.o. T.A), rrp~

XO~~M K cne~ymLl\eMy YTBep)K,IJ,eHmo: ecn 11 cy~ecTBYIOT TaK~e co6bTT~H I -8, 

qTo ~&(0)= ~ 1,/A) ~ /u}O)= hv(A), TO -

~~(A)/ ~V(O) = ~6 (U)/ ~B(A). (8) 

0qeB~~HO, 3T~ ycnOB~H BCer~a MO~HO y~oBneTBOp~Tb, ecn~ T.A ~ 0 H8 

M8HHIOT CBOero ~B~~eH~H. Ecn~ rrp~ 3'IOM Bbi6paTb rz;1.. (A)= rz;.6 (0), TO 

OITbiTbi rrepeCbWK~ t, 3 , ~If ~3 T .A E T .U ~ rrepecbWK~ J:;.'.f , t; 8 ~3 
T. 0 B T .A 6y1JYT C~MMeTp~qHbiM~ OITbTT2M~. llo OTHOJlleH~IO K TaK~M OITbTTaM 

c.o. T.O ~ c.o. T.A "paBHOITpaBHbi11
• lip~ ~ (0)= fs-

6 
(A)=90° (rrorre

peqHhiH 3qxpeKT )J.orrrrnepa) o6a OTHOlllef. ~H B ( 8) 6y~yT MeHbllle e~~H~IJ;bi. 

3T~ ¢aKTbi 11 a6coniOTHbi 11 
( o6a MoryT 6I:: Tb rronyqeHbi KaK B O~HOH, TaK ~ 

B ~pyroi1 c.o.), ~ Ka)K,IJ,biH rrpoMe~yTO!' BpeMeH~ B (8) OTCq~TbiBaeTCH 

Me)K,IJ,y CBoei1 rrapoi1 co6biTMi1, rrosToMy Henb3H ~HTeprrpeT~poBaTb rrorrepeq

Hbii1 s¢¢eKT )J.orrrrnepa KaK "oTHoc~Tenl Hoe oTcTaBaH~e qacoB". 

~en~ ~e T.O ycKopHeTCH, Harrpmep, Me)K,IJ,y c.6 ~ 3 (cyru;ecTBOBaH~e 

C.O. T.0 orpaH~qeHO BO BpeMeH~), TC ~nH OITbTTa rrepeCbWK~ J;.;z , ~J 
He cyru;ecTByeT c~MMeTp~qHoro orr:srTa, T.e. "paBHorrpaB~e" qacoB T.A ~ 

T .0 HapYJllaeTcH. Ta1wi1 cnyt~ai1, rrp~BC,~Hru;~ti K oTcTaBaH~IO qacoB ( a6co

niOTHoMy, a He OTHOC~TenbHOMy), pacc:MaTp~BaeTCH B cne~YIOJ~eM IT. • 

II. CpaBHeHije (ocHOBHBaeMcH* Ha(3.I M 05.I)) rroKa3aH~i1 t~acoB 

T.O HeKOTOpoi1 C.O. ~ qaCOB T.A, ripCIXO~HIIJ;~X qepes TOqKy 0 (c.2) ~ 

B03Bparu;aiOru;~xcH B T.O. (c.3) ITOCne IlYT8JlleCTB~H, rrp~BO~~T K Bb!p~e-

rzi3 (AJ 

J Vr+ 
D 

H~IO: 

/'[(A) . 

IIp~ jt > 0 ~3 ( 9) cne~yeT OTCTaBaHJle qacOB T .A -

0TCTaBaH~e qacOB T .A He CBH3aHO C t;e ycKopeH~eM ( C ~8HCTB~eM C~n), 

T • K. TaKoe ~e HepaBeHCTBO ~MeeT Me(~TO ~nH CJMMbi ITOKasaH~H MHO~eCT

Ba COITYTCTBYJOIIJ;~X T011Ke A 11aCOB, K8,j{,II.b18 M3 KOTOpbiX ~B~raiOTCH paBHO-



l 15. 

MepHO, COITpOBOJK,Il,aH tiaCbl T .A ·ta "CI1pHMJieHHbfX
11 

6ecKOHetiHO MaJiblX 

yqaCTKaX TpaeKTOpMVI. l1pVI 3TO: II OITVIpaeMCH Ha O)J,VIHaKOBhTe CBOtkTBa KaK 

HeycKopeHHbiX, TaK VI YCKOpeHH )IX ( HO He ITOpTH~VIXCH I1pVI 3TOM) tiaCOB, 

ITOCTYJIVIpOB8HHbl8 B rr.1,3. 

EcJIVI CtiVITaTb, tiTO rryTeiiDCTBJIO~VIi1 6JIVI3Heu, ( VIJIM Jl -Me3oH) rrpe.n,

cTaBJIHeT co6oi1 MHO*eCTBO HeiT)pTH~VIXCH tiaCOB, TO BepHyBlliMCb M rrepe

*MBH opaTa (ITOKOH~erOCH B C.).), OH He C)J,eJiaeT 3a CBOID *VI3Hb OOJib

rnero, tieM ero OpaT 3a CBOID ( )THOCVITeJibHO tiaCTOTbl HerropTH~MXCH rrpo

IJ,eCCOB He MeHHIDTCH (eM. 01.2) I1pVI )J,B~eHVIM). 

12. PaccMaTpMBaH L13Mepe:-me KOOp,IJ,MHaT CMPHaJIOB '[ +' rr- )J,JIH 

c.4 VI 5 C ITOMO~biD tiaCOB C.O. ToA VI C.O. T.B, )J,BVI~VIXCH OTHOCVITeJib

HO .n,pyr .n,pyra ( / ) , MO*HO IT )JIYtiVITb TaKMe COOTHOllieHVIH: 

(ll) + rr.- fAJ t(rr + {JlJ- rr- (fiJ) ={Z + (e/ +'["~fa) t ('lft~leJ- ~~ (8) )} ( .ft; / + 
. I 4s[llf d.'t ott{ 7S (10) 

Z + (A) = CZ" ~~ (13 J 
«S jJ .. 

3.n,ecb T .A VI B (c. (){ VI J3 B HVIX) 

t , OTITpaBJIHeMoro VI3 T .A ( ~. ex: 
CIS 

yroJI goo B c. o. T .A ( HarrpaBJI·:mVIH 

BbiOpaHbl TaK, tiTOObi HarrpaBJieHVIe 

) K coob!TMro 5, cocTaBJIHJIO c ~I( 
~'f M ,)"~ (A) COBITa)J,aiDT) , VI HarrpaB

(c • .f3 ) K coObTTVIro 5, cocTaBJIHJIO c JieHVIe ~.f .' oTrrpaBJIHeMoro VI3 T. B 

~~ yroJI goo B c.o. T.B. 

B1r6epeM .n,eKapTOBbT ocVI - X(A), Y (A), X(B), Y (B) cooTBeTcTBeH-

Ho B)J,OJib HarrpaBJieHMM - ~'f , ~), ~'I, ~S. [612.i}-BBO)J,H 0003-

(/+ rr- r;-+ n--
HatieHVIH - 2:X 4s(A)= L"''t (A)- Loi 1,/A), 2 • ~'iS( A)= Lo(S" (A)- t.. o< s (A), 

Ha3biBaeM XLtS(A)' 'fc,/A)' xvf :B)' .X./B) .n,eKapTOBbiMVI JIOKaiJ,VIOHHbiMVI 

KOOp,IJ,MHaTaMVI rraphi c.4,5
1

coOT38TCTB8HHO OTHOCH~VIMVICH K C.O. T.A VI K 

c.o. T.B. Tor.n,a ITOJiytiaeM 1.13 :10) COOTHOllieHVIH, COBITa)J,aiD~VIe C rrpeoo-
1 

pa3oBaHVIHMVI JlopeHTIJ,a, ecJIVI B:)r6VIpaeM VJ (A)= 'J (B) =0. 



I6. 

(J~ 7) d~s(t1/-~ + X~.r/11)=/ fvsf~. '?) r 'v.rfB)-'7':!. X"sf13J} (jt....---t./_j1_1-
(II) 

CooTHOllleiD1H ( IO) .n,eMCIHCTpHpyroT OTHOCHTeJibHOCTb KOOp,IJ,HHaT cHr-

HaJIOB z+ z--, ' T.e. sam:CHMOCTb HX OT TOPO, B KaKoi!I C. 0. IIpOBO.JJ.HT-

ca HsMepeHHH. Ha BH.n,e JKe rpeo6pasoBaHHi!I (II) .n,JIH Koop.n,HHaT T, x, y 

CKa3bTBaeTCH KaK 3Ta OTHOC:V TeJibHOCTb, TaK It1 KOHBeHI.J;11H 0 Bbi6ope '1 (A) 

Jt1 v; I (B) • foBOpH o6 OTHOC HTeJibHOCTH T' q+ ' rc- ( HarrpHMep' T 'f.f (A)= 

= 5 ceK, T'tS"(B)= 6 ceK), 1-a.n,o He sa6brBaTb, liTO "ceKyH.n,a" B ,II,aHHoill 

pa6oTe He ecTb e.n,HHbrill MacnTa6 .TI,JIH qacoB T.A H T.B. CJioBo "ceKyH.n,a" 

yKa3biBaeT TOJibKO Ha T11II C'IaH.n,apTHbTX l!aCOB, KOTOpb!.MH Mbi IIOJib3yeMCH 

B T.A 11 B T.B (rr.I). 

JloKa~HOHHbie KOOp.JJ.HHa'Ibi XVS (A), !f'f/A) ITO BeJIHllHHe COBIIa.TI,a.IOT 

C paCCTOHHHHMH Mell\IIY TOllKOM A Jt1 TOl!KaM11 c.o. T.A, COBIIa.n,aro~HMH B 

MOMeHT C06biTHM 4 11 5 C TO'JKaMH 4 It1 5. B KaJK.n,OM c.o. C06biT11HM 4 It1 5 

COOTBeTCTBye•r CBOH TaKM II9.pa TOl!eK. 

Y TBep!K,II,eH11H, ,II,eJiaeMbie B CTO Ha ocHOBaHHH rrpeo6pasoBaHHM Jio

peHT~a 0 KOOp.TI,HHaTaX X, y, T, C TOllKH 3peH11H HaCTOH~ei!I pa60Tbi, H8 

MOPYT HHTeprrpeTHpOBaTbCH K3..K 
11

0THOCMTeJibi-iOe
11 

OTCTaBaHHe l!aCOB Jt1 

"oTHOCHTeJibi-we" cJKaTHe cTe?JKHeti, T.K. T<ts (A, ~ ) H T<ts (B, ~~) He 

MoryT COBIIa.n,aTb C IIpOMeJKyT{aMH BpeMeHH (0I.3), a XYS(A) It1 X<tS(B) -

C paccTOHHMHMH MeJK.n,y KOH~aAH CTeplKHH (04.2) cpasy B o6eHX C.O. 

ilpH He3aMKHYTOM .TI,BHJKeHHH q.iCOB He C~~eCTByeT 3KCIIepMMeHTaJibHOM 

orrepa~HH .TI,JIH cpaBHeHHH pas:-IOCTM IIOKasaHHM .JJ.BYX qacOB MeJKAY .D,BJMH 

C06biTHHMH. A .TI,JIH .TI,BHJKy~ero:~.fi B H8KOTOpot1 C. 0. CTepJKHH HeT ITOHHTHH 

.TI,JIHHbi ero B 3rl,OM C. 0. It1 Mo;rno POBOpHTb TOJibKO 0 pa3HOCTH JIOKa~HOH

HbTX KOOp.TI,11HaT HeiWTOpbiX COi5biTHM Ha KOH~aX CTep.iKHH. 

r 5 (LJ :l, _ ( r;--{- r;- - 2 
11s ( IO) H (I I) cJie,II,yen, q ro HHTepBaJI 7 Svs - (

1
s +- t, 't.J) -

( 
'[+ - f- };). - ( rr + - z- ):l. = 7"2 - A 2. - y;l- HBJIHeTCH HHBapHaHTOM rrpH 

O(S o<S otit ()('f ~'f 'IS ~S" 



17. 

rrepexo~e oT o~HOM c.o. K ~pyroM. 

,Ll.JI.R: ~a:wraiOfl\Jr1XCH paBHOMepHo :r..reJK,II,y, coobiTMHM11 4 M t) 1.1acoB C -

Sct! = ~/C). 11Me.H BBM~y 3TO 11 OLP!~eJieH11e jf , HeTpy~HO JBM~eTb, 
wro / rrpeoopasyeTc.rr KaK BeKTop tcts c Koop~:wHaTaMM .X 'IS , 'fcts. 

13 0 C 'rO"tiKM speHMH HacTo.rr~et • paooTbi, B CTO cMei.IIMBaiOTc.rr noHHTMH 

BpeMeHM (01.3) 11 BpeMeHHOM KOOp~I-HaTbi (5.4, 5o3), M TepM11H 11 BpeMH 11 

( t ) rrpMMeHHeTCH ~JIH HasBaHMH BJ,eMeHHOM KOOp~11HaTbi "tiaCTHOrO BM~a 

( VJ =0) a OToJK,II,eCTBJieHMe B CTO BpEMeH:w f :w BpeMeHHOM Koop~11HaTbi 

T( ~ =0) C03~aeT MJIJI!03Ml0 e~MHOM C CHOBhi ( 
11 

OTHOCMTeJibHOCTb BpeMeHM
11

) 

~JIH oo'bHCHeHMH "oTcTaBaHMH" 1.1acoE np:w paBHoMepHoM ~BM)l(eH11M vrx, rro

nepeliHoro s¢¢eKTa AorrrrJiepa, OTCTEBaHvr.rr 1.1acoB, ~B11)l(~Mxc.rr rro 3aMKHY

TOM TpaeKTopm1. Ho TaKoe yTBepJK,II,EH11e o6 "oTHOC11T8JibHOCT11 BpeMeH11" 

B sHa"ti11TeJibHOM cTerreHM cB.rrsaHo c KOHBeH~MOHaJibHOCTbiO T. Pas~eJIMTb 

)l(8 KOHBeH~!O M OTHOC11TeJibHOCTb B rrpeoopasoBaHMHX ]opeHT~a 01.I8Hb 

Tpy~HO ( C 3T11M, B 3Ha"ti11TeJibHOM C'I erreH11, CBH3aHbi He~opa3JMeH11H 11 

rrap~oKcbr). B OTJIM1.I11e OT 3Toro rr}eo6pasoBaHMH (10) He co~ep)l(aT 3TOM 

KOHBeH~MM, IT03TOMJ aHaJI113 3KCITep1-1MeHTOB rrpo~e ~eJiaTb, MCITOJib3YH He

rrocpe~CTBeHHO 3KCITep:wMeHTaJibHbTe E8JI111.I11Hbl t , f'+, f{- (rr.8,9,I0, 

II). 

B ocHOBe rrpe~JiaraeMoro rrocTJ:OeHMH KMHeMaT11KM 11 CTO Jie)l(aT OTJIM

qa[{)~11ec.rr aKCMOMbl ( orrpe~eJieHMH, rrocTyJiaTbi, rrpe~rroJIO)l(eH:w.rr). CpaBH11Tb 

:wx MeJK,II,y co6oM Tpy~Ho, XOTH ObT 113-3a Toro, liTO orrpe~eJieH11H 11 rroH.rr

TMH B ooo:wx rrocTpoeH:w.rrx c~eCTBeHno oTJIM11aiOTc.rr. TeM He MeHee, JierKo 

rrpocJie~MTb 11
COOTBeTCTB11e

11 
HeKOTOpbiX ITOJIO)l(eHMM - HaiTpMMep, rrpMH~MITa 

OTHOCMTeJibHOCTM M ITOCTyJiaTa "paBHOrrpaBHOCT11
11 

pa3JieTaiOII\MXCH 113 T01.I

K11 qacoB (A3.2). HpMH~MIT OTHOCMTeJibHOCT11 00bl11HO CB0~11TCH K CJie~JIO

~eMy: C~eCTByeT KJiaCC Jia6opaTOpMt1, KOTOpbie MO)l(HO HaCTOJibKO 
11
3a3K

paH11pOBaTb11 OT OCTaJibHOrO M11pa, "tirO OH He BJIMHeT Ha OITb!Tbi BHyTp11 

KaJK,II,OM 113 3T11X Jia6opaTop:wM. Ho TaK KaK HeJib3H "3a3KpoH:wpoBaTbCH
11 

OT rpaB11T~MOHHblX ITOJieM, TO HeOOX J~11MO rr:JTpe6oBaTb 3Hall11TeJibHOM 



18. 

y,rr,aJieHHOCT11 6oJibiii11X Mace 11JI11 orpaHvf1-H1Tb pa3Mepbr Jia6opaTop1111. T. e., 

IIp11Hu;.vrrr OTHOC11TeJibHOCT11, CTpOrO ro BOpH ,' BbTIIOJIHHeTCH TOJibKO JIOKaJib

HO, KaK 11 rrocTyJiaT "pa:aHorrpaBHOCT11
11 

-qacoB. A 113-3a Taro, LiTO rrp:vm

u;.vrrr OTHOCVITeJibHOCT11 HaKJia,IJ,biBaeT Tp360BaH11H Ha BCe OIIbTTbi, OH HBJIHeT-

CH He CTOJibKO y,rr,al.l:HbiM IIOCTyJiaTOM, :?.KOJibKO MO~biM 3Bp11CT11LieCKVIM 

rrp11Hu;.vrrroM, Ol.l:eHb y,rr,o6HbiM rrp11 rrepBo1al.l:aJibHOM rrocTpoeHVI11 Teop1111. OT 

Hero y,rr,o6HO OTJIVIL.iaeTCH rrp11 aKC110Mar11LieCKOM IIOCTpOeH1111 K11HeMaT11K11 

IIOCTyJiaT "paBHOIIpaBHOCT11
11 

Ll:aCOB, Ta.K KaK B HeM IIOCTYJI11pyeTCH Tpe6o

BaH11e K 3JieMeHTapHOMy K11HeMaT11Ll:eCK)My OIIbiTy, 11 3TO Tpe60BaH11e JIO

KaJibHO (II03TOMJ OTIIa,rr,aeT 3a6oTa 0 ,paB11Tau;110HHbTX IIOJIHX). 

14. B 3aKJIJOL.ieH11e o6paT11M BHVIM<lH11e Ha cJie,IJ,YJO!l\11e pe3yJibTaTE: 

a) CBot1cT:aa -qacoB rrocTyJI11pOBa.mcb B ,rr,Byx c11Tyau;11nx: rrp11 cpaB

HeH.vr.vr B TOLl:Ke rrepVIO,IJ,VIL.ieCKVIX rrpou;ec(!QB LiaCOB (rr.1) VI IIp11 I1pOVI3BOJib

HOM ,IJ,BVIJKeH1111 ,IJ,BYX Ll:aCOB B TOLl:Ke ( I1. 3). 3HaH11e 3TVIX JIOKaJibHbTX 

CBOMCTB Ll:aCOB OKa3biBaeTCH ,IJ,OCTaTOLl:HbiM, Ll:T06b! VI3y-qaTb reoMeTp1110 B 

CVICTeMe IIOKOHI~11XCH TOL.ieK 11, OI111pa.HC:b Ha 3TO, IIOJIYL.i11Tb BCe KVIHeMaT11-

r.
LieCK11e COOTHOIIIeH11H, Bbipa!KaeMbie TOJII·KO Liepe3 IIOKa3aH11H Ll:aCOB ( (. , 

q:+, rc- ). 
6) IIoHHT.vre rrpoMefKYTKa BpeMeH11 ( rr. I) oKa3bTBaeTcH ToJKe JIOKaJib

HhlM ( orrpe,rr,eJIHeMblM TOJibKO B TOLl:Ke LiE COB). TaKoe IIOHHT11e He HYJK,II.aeT

CH H11 B KOHBeHu;VI11 0 BeJIVILiVIHaX MaCIII'I a6HbTX MHOJKVITeJieJ/i Y,IJ,aJieHHbiX B 

rrpocTpaHCTBe (11JIVI BO BpeMeH11) CTaHJapTHbTX Ll:aCOB, H11 B KOHBeHIJ;VIVI 

CVIHXpOH113au;11VI. 

B) TaKOrO I10HHT11H BpeMeH11 B TCl!Ke ,IJ,OCTaTOL.iHO ,IJ,JIH KOOp,IJ,11Hau;.vr:vr 

C061IT11M C IIOMO!l\b!O Tpex 6a311CHblX Ll:aCOB 11 t -CVIrHaJIOB. ,i.J.JIH BpeMeHHOM 

KOOp,IJ,11Hau;:vr:vr JIJ061IX C06bTT11M ,II,OCTaTOL.iHO O,IJ,H11X Ll:aCOB HeKOTOpOM C. 0. 

r;-+ ,__ 
r) .Vl3 113MepHeMblX BeJI11Li11H f. , (. MoryT 6b!Tb IIOCTpOeHbi KOOp-

,IJ,11HaTbl pa3Horo Bvr,rr,a B 3aBvrcvrMoCT11 or TOM 11JI11 11Hot1 KOHBeHu;vrvr. CpaB-



I9. 

HMT8JibHbi8 YTB8p1K,IJ,8HMH 0 KOOp,II,MH8.'l8.X ,II,By:~ COOblTMM B pa3Hb!X CoO. 38.

BMCHT OT 3TMX KOHB8H~Mti:. 

,II,) AH8.JIM3 M3M8pMT8JibHb!X orrer a~Mti: BbTHYJK,IJ,8.8T OTJIMli8.Tb He TOJibKO 

BpeMeHH~O KOOp,II,MHaTy OT Bp8M8HM, HO M JIOK8.~MOHHYID KOOp,II,MHaTy OT 

paCCTOHHMH (rr.4,7). 

e) l{MHeMaTMli8CKHe 3KcrrepMMeHrbr MoryT ObJTb rrpoaHaJIM3HpoBaHbr 

6e3 MCITOJib30BaHHH KOHBeH~MaJibHbJX 10HHTM:1 M yTBepJK,IJ,eHMti: C'TO, Tatn1x · 
~ 

K8.K O,JJ,H0Bp8M8HHOC'l'b y,n,arreHHbTX COO )TTMM, OTHOCHT8JibHOCTb O,II,H0Bp8M8H-

HOCTM, OTHOCMT8JibHOCTb OTCT8.B8.HHH li8.COB M C*8.TMH CT8p*H8M, liTO, Ha 

Ham B3I'JIH,II,, HaMHoro yrrpo~aeT JIOrM.recKyJO cTpyKTYPY TeopMM. 

B 38.KJI!Oli8HMe CliMTa!O CBOMM ITpllHTHbiM ,n,oJiroM rro6Jiaro,r:r,apMTb 

rlMT~a B.B.' llorroBa A.B.' THI1KMH8. ll.A.' CaMOCBaTa r .c. 38. I10JI83Hbi8 

llpMJI0*8HM8. 

l{ rr. I. 06bJliHO arrpMopM rrpe,n,noJiara!OT , liTO liacbl O,II,MHaKoBoro 

ycTpOti:CTBa OOJI~8.10T O,II,MH8.KOBb~ XO~OM , H8 paCCM8.TpMB8.H 3KCI18pMM8H

Tbl, Ha OCHOBaHMM KOTOpbTX MO*HO H8I1:::JCp8,II,CTB8HHO YCT8.HOBMTb 3TY 
11 

O,II,M

H8.KOBOCTb". TaKOM ITO,II,XO,II, MM88T OI1plB,II,8.HM8 B TOM, liTO I10JIYlJ:8HHbl8 Ha 

ero OCHOB8.HMM Bb!BO)J,bl T80pMM I10,II,TB8 JJK,IJ,aiOTCH 3KCI18p11M8HT8.MM H8. peaJib

HbTX liacax. O,n,Ha.Ko rrpe,n,rroliTMTeJibHee c ca.Moro HaliaJia orrepeTbCH Ha 

orrbTT rrpM orrpe,n,eJieHMM o,n,MHaKOBbJX lia,~oB (01,1,2). lvlo*eT ObTTb rrpM 

3TOM I10HHTM8 
11

Bp8M8HM
11 

CT8.HO BMTCH .3 H8KOTOpOM OTHOIII8HMM Y3KMM, HO 

38.TO MJ-,J M0*8M Ha 3TOM ITOKOH~MMCH Ha 3KCI18pMM8HT8 rlJYH,II,aM8HT8 yBepeH

H88 CTpOMTb KMH8M8.TMKY, B TO Bp8MH K8.K "arrpMOpHbiM
11 

ITO,II,XO,II, OI1MpaeT

CH B ,II,8KJiapa~MM 11
0,II,MH8.KOBOCTM

11 
li8.CCIB H8. CI1p8.B8,IJ,JIMBOCTb KMH8M8.TMKM 

I 
'! 



20. 

B u;eJIOM ( IIp11 3TOM O)J.11HaKOBblM11 qac aM11 HBJIHIOTCH Te, )l.JIH KOTOpbiX Bbi

IIOJIHHIOTCH rrpe,n.cKa3aH11H Teop1111). focTpOeH11e IIOHHT11H BpeMeH11 Ha OCHO-
' 

Be 3KCrrep11MeHTaJibHb~ orrepau;HM ec~eCTBeHHO IIp11BO)J.HT K cpaBHeH11IO pas

HbiX 3K3eMIIJIHpOB qacoB B TOt1Ke ( OI o2)' a saTeM K rrepeHocy 11X (MbT 

rrpe,n.rroJiaraeM BbiiiOJIHeH11e rrp11 3TOM Tpe6oBaH11H OI.I). HocJie rrepeHoca 

00blt1HO HeHBHO ,n.eJiaeTCH KOHBeHIJ;11H 0 Bb!OOpe O)J.11HaKOBb!X MaC!llTaOHb!X 

MH0}!{11TeJieM TaK11X qacoB. M.sOe}!{aTb KOHB8HIJ;li1Jil He IIOMOraeT 11 CCbiJIKa Ha 

KBaHTOB~O TO}!{)J.eCTB8HHOCTb qaCT11IJ;. 

Ha rrpOH3BOJibHOCT11 BbiOopa MaCWTaOHOrO MHO}!{HTeJIH CTaH,IJ.apTa )J.JI11-

Hbi OCHOBaHO YTBep}!{)J.eH11e 0 KOHBeHU110HaJibHOCTH reoMeTpH11 (rrp11H~Jie

}!{a~ee ilyaHKape )J.OKa3aTeJibCTBO CM. B /?/, CTp. ). 0,n.HaKO KOHBeH

IJ;11H 3)J.eCb (KaK 11 C qacaMH) Ka}!{eTCH He1130e}!{HOM TOJibKO B TOM CJiyqae, 

eCJI11 Ct111TaTb )J.JI11HY IIp11C~eM TeJiy 11 MaC!llTaoy Ka}!{)J.OMY CaMOMY ITO ce-

08. Ha C8MOM )J.8Jie, H3MepHeMaH B OITb!Te )J,Jl11Ha 8CTb OTHOilleH118, xapaK-

T8p113JI0~88 COBM8CTHO T8JIO 11 MaC!llTaO (MaC!llTaO YKJI~biBaeTcH B)J,OJib 

cTep}!{HH cTOJibKO-To pas). TaK t1TO roBop11Tb o )J.JI11He e,n.11HCTBeHHOro 

CTaHp,apTHOrO MaC!llTaOa IIpOCTO He 11\1e8T CMbiCJia. llo3TOMY HCKJIIOt1eH118 

rrpep,cTaBJieH11H o MaC!llTaoHoM MHO}!{HT2Jie ( rr. I) I{a}!{eTcH orrpaB,n.aHHbiM He 

TOJibKO H3-3a 11 3KOHOM1111 MbiillJieH11H 11
• 

BTOpOH KOHB8HIJ;110HaJibHbM 3JieM2HT, BXO)J.H~11M B IIOHHT118 BpeMeH11 

CTO, CBHsaH c Cl1HXpOH11sau;11eM qacoa. 1IoH11MaH11e 3TOM KOHB8HIJ;11H rro-

3BOJI11JIO YB11)J,eTb ep,11HCTBO JIOpeHTIJ;eBCKOM 11 3MHII1TeMHOBCKOM WOPMYJI11p0-

BOK TeOpH11, 11 OTKpbiJIO B03MO}!{HOCTb )J,JIH TaK Ha3bTBaeMbTX 11 aH1130TpOII

Hb!X11 wopMyJI11pOBOK 131. B TaKOM C11ryau;11H ecTeCTBeHHO B03H11KaeT sa

p,aqa Bb1)],8JI11Tb OO~ee H)J.pO 3T11X WOPVIYJIHpOBOK, OTKasaB!ll11Cb OT Bb!HBJieH

HbrX KOHB8HIJ;11M. 8To 11 ObiJIO u;eJibiO H:lCTOH~eM paoo'nJ. 

K rr.3 - 11pHMeHeH11e (A3.2) K JOMeHy 'f Me}!{)J.y T.O 

CJieBa) p,aeT - l 1't (A)/ ~~ (0)= 'c.,; (0)/ ~o/(A), 11JIH 

= ~: ( 0) • ~~ ( 0). K TOMY }!{e, 11Me ~ BB11P,Y (I), rroJiyqaeM 

~- c jl , a TaK}!{e ( 3a) • 



2I. 

Bb~~eHMe, rro~o6Hoe (3a), Mo~o rrony~Tb M ~nH ~BM*eHMH T.O 

O'l'HOCMTenbHO ToA (pMc.I)- 03 (0)= rz;:;(A) VJ1~ (A)/ ~:(A),. CpaB-

H8HM8 3TOrO Bb~~eHMH C (3a) ( ~~ (Ah= rz;'t (A) M ~;(0)= ~3 (0)) 
+ + 

rrpMBO~MT K paB8HCTBY /-4- (0)= /; (A) (eCT8CTB8HH08 cne~CTBM8 

(A3 o2) ) • 

BenwmHa V =( ft + - f-)/( 7:+ + (t-) COBIT8Jl,a8T C OTHOlll8HM8M CKO

pOCTM o6beKTa K cKopocTM cBeTa B CTJ, HO B HaCTOH~e~ pa6oTe OHa He 

MHTeprrpeTMpyeTCH KaK rryTb, rrpo~~eHHbiM B e~MHM_BY Bp8M8HM ( / + = 

= V I C I+ V ) , jt-= VI (I- V ) , / = VI (r- v.t ) • 
K rr.4,5- PaccMoTpMM rrpoMsBonbHbie co6biTMH 1,2,3, MMeiD~Me 

M8CTO B TOqKaX c.o. I,2,3 M ~ , CT~pTyiO~M~ M3 Tol B MOM8HT Cei, 

rrpOXO~H~MM qepes T.3, saTeM T.2 M B~3BpaTMBlliM~CH B T.I. 3TOT t, 
r~+ r;- "+ sarras~bmaeT B T.3 OTHOCMTenbHO c.3 -m t31 (3)= t.

3 
(3)- L

1 
(3). 3Ha- ~ 

qMT B T.2 OH 3aiTa3~biBaeT OTHOCMT8nb-i0 c.2 Ha '{+(3)+ ~;(2), TaK C 
31 t j 

KaK ~ -cMrHan, Koop~MHMPYJO~M~ co6brrMH 2 M 3 (~BMraHcb OT T.3 K ~ 
I, 

~~ ~ 
T.2), sarras~bmaeT B T.2 OTHOCMTenbH) c.2 Ha L.23 (2) o CMrHan *e, , 

KOOp~MHMpYJO~M c.I M c.2 (~BMraHCb )T T.2 K T.I), sarras~biBaeT B 

T. I OTHOCMTenbHO c. I Ha ~; (I). 3H :1qMT, B03Bpa~eHMe sarras~bJBa-
1'1+ ( (/+. ) (/+ ( ) ~ 

eT K CBOeMy CTaprry Ha L31 3)+ t13 ,2 + (,1J.. I , HO 3TO sarras~biBa- ~-····· 
HMe ~on*HO paBHHTbCH CyMM8 CTOpOH T_)eyronbHMKa (CM. 05.1), rrpo~~eH- ~ 

Horo ~ • B pesynbTaTe rronyqMM qacTHbTM cnyqa:f1 ( 4): I 
~;(I)+ ~;(2)+ r3~(3) = ~~IJ.. f Z,t3 + 2J/ MnM 

rz-,;cr)+ rz,;cr)+ ~;<2)+ rz:.z-J2)-- ~;c3)+ T3~C3) = o. 

Hs 3Toro cooTHorneHMH cne~yeT paBeHC':'BO ~J. + 7;. 3 = ~3 , cqMTaiO~e

ecH B CTO caMooqeBM~HbiM ( XOTH oHo 01I8BM~Ho TonbKO B KoHu;erru;MM a6co-

niDTHOrO Bp8M8HM). 

Y ~06CTBO CMCT8Mbi ITOKOH~MXCH T0118K CO CTOMT, ilp8JK,II,8 BCero, B TOM, 

qTo MO*HO rOBOpMTb 0 paCCTOHHMHX, onBn8KaHCb OT Bp8M8HM MX M3M8p8-



22. 

HMH, M M3y~aTb reOM8TpM~8CKM8 CBCMCTBa 8TMX T0~8K OT~enbHO M ~0 

M3~8HMH MHOJK8CTBa co6bJTlt1M. Ho TI'e6oBI1HMH (04oi) ~nH ITOKOH~MXCH TO

~eK He orpaHM~v1BaiOTCH TOnbKO ycnc BMHMM ~nH paCCTOHHMM, a 6onee 

CMJibHbT. TaK TO~KM, rro-pa3HOMY y~.::JieHHLre OT u;eHTpa Bpall.\arom;eroc.H ~Mc

Ka, He OTHOCHTCH K IIOKO.H~MC.H. TE.K08 orrpe~eneHM8 ( 04 o I) BM8CT8 C 

orrpe~eneHM8M C.O. (05.I) I103BOnHET BbiB8CTM ~8Tbip8XMepHOCTb KOOp~M

HaTHOrO I1pOCTpaHCTBa C06bTTMM (b.~), MCXO~H M3 Tp8XM8pHOCTM I1pOCT

paHCTBa ITOKOIOll\MXCH T0~8K (A4.2)., 3aM8Tlt1M K 8TOMy, ~TO KpOM8 M3Mepe

HMH 4-X KOOp.IT,MHaT ~nH K~OrO COC bTTMH, HBfJ.O "IIOCTOHHHO 
11 

I1pOB8pHTb 

ycnOBMH (04.,I, 05.I), KOTOpb!M .IT,OJJKHbT y~oBneTBOpHTb 6a311CHbi8 'rO~K11o 

GTO, KOH8~HO, JB8n11~MBaeT (B cpaEH8H11M C 5+4(K-3), CM. 5.2) ~11cno 

113M8p8HMM, Heo6xo~MMbTX ~nH KO op~:v. HaiJ;1111 K C06biTMM B l{ IIOKOHil.\11XCH 

TO~KaX. 

1{ rr.,8 - PaccMoTpYIM B c.o. 'IO~KYI 0 rrepecLmKy Me~y •r.,A 

(/A (0)) 11 T.,B ( /B (0)) ~BYX C:itlrHanoB J';3 11 ~t.; (c.,I,2 11 3 9 4 -

COOTB8TCTBJIOT yxo~ MX 113 ·T.A 11 np118My B T.B). Ecn11 6bT TpaeKTOp1111, 
cooTI!JeTc. T 8 tHHO 

3a~aHHLre TO~KaMM (c. o., T., 0) I, 3, 4 11 I, 2, 4 ,......-rrpoxo~11m1cb 611 ~BYMH 
I t , 't , CTapTOBaBill11MM B MOM8HT C .1, TO B TO~Ky 4 OHM IIpM!lln11 611, 

r:- + r;- + 
pa3,n,eneHHbre rrpoMeJKYTKOM BpeMeHYI t.

3
,C4)- L 1~ (2), (Ha rrpHMo:M 3,4 

v T r;-+ - II - I + 
0 orrepe~11n 6bT T.B Ha t. 3'1(4)= t..jy(o) f' jl~8' aHa rrp.HMOM 

v' · rr+ r:-
I ,2 o orrepe~11n 611 T .A Ha L ,2 ( 2) = Ln (A) j1; 1 j1; ) . 0Tcro~a 
rron~aeM - 2/J.. + 22.4 - t13 - lj'-( = ;; ( 4)- r-;7..+( 2) , ~TO rrocne rrpe

o6pa30BaH11M 11 rrpMBO~MT K (5)., CoorHorneHMe (5) pelllaeT ocHOBHyro 3a~a-

1JY KMH8MaT11K11 - KOOp~11HaiJ;1111 C06bTTVIM B IIp0113BOnbHO ~B11JKYII.\11XCH TO~

KaX • 0CTMbHbi8 3a,II,a1JM ( KaK 8tPtP8KT ,lJ,orrrrnepa, OTCTaBaH118 ~aCOB, rrepe

XO,II, B OIIYICaHMM HBn8H11H B ~pyro:M C.O. 11 rrp.) HBnHIOTCH cne~CTB11HM11 

(5). MHT8p8CHO, ~TO ~nH rron~8H11H (5) HaM H806XO~MMO 11M8Tb XOTH 611 

o~HY c.,o., a rrpeo6pa3oBaHMH ]opeHru;a rron~aroTcH 113 (5) KaK ~acTHoe 

cne~CTBYie. 



PaccMoTpMM s¢¢eKT ~onnJiepa npM Bpa~eHMM MCT01.1HMKa (T.A) 11 ,n,e

TeKTopa ( 'r cD) B O)J,HOM HanpaBJI8HJll1 no KOHIJ;8H'rpl11.18CKMM OKPY'/KHOCTHM 

(B CoO. 'roO). 

( ~(0)) Yl 

,II,Myca Z 11 ~ 

~Bl1'/K8Hl1H T01.18K nOCTOBrlHbi no B8JII11.1l1H8 - /A ( 0) 

Va(O) C U8 CO)) - coJTBeTcTBeHHo Ha oKpy'IKHOCTHX pa-

0 .V1M8H BBM,II,Y, 1.1TO pac :;TOHHI18 t OT npHMOM, 3a,II,aiO~ei1 
HanpaBJieHMe cMrHan:a, ,n,o u;eHTpa paBH) 2 Cqj 0( = !<. Cbj J3 , noJiy-qaeM c 

nOMO~biO ( tJ) : 
1
c-:;T ,) (§;~ rz;t (AJ _ yt f v8 - e v8 .1_!_ = 1- e u~ /I< ~7.. 

+ 1 11) - 1r.-:1 e H 1 , - e. ~ I z 1 - u l3 
~2ft.:J f/';/A - ./A, Z 

3Ta ¢opMyJia CO,IJ,8p1KI1T ,II,Ba l13B8CTHbiX, 3aM81.1aTeJibHbiX C.rry-qaB, KOI',II,a 

,n,onnJiepOBCKMM C,II,Bl1[' He 3aBMCMT OT iltJJIO'/K8Hl1H Ha OKPYIKHOCTHX ·r oA l1 .3: I 
a) L-1 = V , ' = /<.. , B ) Ll I R. = V I 2 o ~ 

K n.II - liOCJie BB8)1,8Hl1H c.o., COOTHOIII8HV1H THna (I, 3a) MOJKHO 

pacnpOC'rpaHVlTb Ha npOV13BOJibH08 ,II,BVllKE~H¥18 T .A no KpV1BOJIV1H8MHOM TpaeK-

TOp¥1¥1 ( Tenepb Co I V1 4 DpOVlCXO,II,BT B ~,.A, y,II,aJI8HHOM OT TOqKVl C. 0. 0) o 

ToJibKO t -CVlf'HaJib' MeJK,II,y T oA V1 0 ,II,OJ:JKHP pacnpocTpaHBTbCB Tenepb no 

TpaeKTopHH T .A ( npooeraH nocJie,n,oBaTE:JibHo MeJK,II,y 6ecKoHel1HO OJIV13KHMH 

r 
~ 

tl 
~ 
h 
e 
·-~ 
\ 
:~ 

T01.1KaMH coo o). 11pH HepaBHOMepHoM ,n,m JK8HHH T .A Ha,n,o nepei1TH B (I 9 3a) ~; 

K 08CKOH81.1HO MaJibiiVI npOM8?KyTKaM Bp8ME·HV1 11 11HT8I'p11pOBaTb TaK¥18 COOT-

HOIII8HY1Hc 

I1pHM8H11M 3TO K CJiy-qaiO 3aMKHYTOIO ,II,BV11K8H11H 1.1aCOB ToA C Ha1.1aJIOM 

( C .2) V1 KOHu;oM ( C .3) .3 TOtiKe 0. CHI'.!-: an:, nOCJiaHHbiM np11 B03Bpa~eHV111 
r-

T.A (-qacbl ToO noKa3FBaiOT np11 3TOM l:z3(0)), ,II,BVlf'aHCb Ha3a,n, no Tpa-

8KTOp11V1 T.A, B03Bp~a8TCH B T.0 B 
r. 

MC M8HT L 2.S ( 0) • 3Ta B8JI111.111Ha 

c. 
L,zs ( o) = 

r.-
L.z3 ( 0) 

tt;3 (0) + lf()} = 

Ha Bp8MH npooera C11f'HaJIOM TpaeKTOp¥111 

7i3 (A} 
1'[~ 3 (0) + 

0 

j ~~~ {o) df/fi) 

113 (2a) -

L : 6oJibiiie, 1.1eM 

Ho 

,/rt(.A) 

i 
:j 

~ 
~ 

I 
~ 
~ , 
~) 
':J 



lip~paBH11BM o6a BbTpaJK8H11H, ITOJiyqaeM ( 9,) • 

3aMeT~M, "4'ro B CTO H8Jib3H TOJibKO Ha OCHOBaH~M rrp~Hu;Mrra OTHO

c~TeJibHOCT~ I1p8)J,CKa3aTb I10B8)J,8H~8 YCKOp8HHbTX "4aCOB. liT06bi POBOp~Tb 

o qacax ( B TOM q~cJie 11 ycKopeHHbiX), Mbi BbiHYJK,II,8Hbi 6biJI11 c.rr,eJiaTb rrpe.rr,

rroJioJKeH~H Cnol) o MX CBOHCTBaXo HJ, no-B~)J,~MOMY, Ha"411HaH c H8KOTO-

poro ycKOp8H~H lJaCbT ITOpTHTCH - I18J8CTaiOT Y.JJ,OBJI8TBOpHTb ST~M rrpe.rr,-

ITOJIOJK8H~HM. 
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