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<l>a,neeB H.r. P2-99-86 
OueHKa BpeMeHII B3aHMOAeHCTBllil CTaJIKHBaIOIUHXCH tJaCTHIJ 

Ha 0CHOBe re0MeTpH'leCKHX o6pa30B HHBapHaHTH0CTH HHTepBana B eBKJIHAOBOM 
npocrpaHCTBe H npocrpaHCTBe cKopocTeii Jio6atJeBcKoro norry'leHo nyreM 
HHTerpHpoBaHHH HHTepBana BblpmKeHHe ~ BpeMeHH B3aHMOAeHCTBHH 
CTaJIKHBaIOll.lHXCH tJaCTHIJ. 

C npHMeHeHHeM npHHIJHila aBTOMOAeJibH0CTH, Il03BOJIHIOll.lero onpeAeJIHTb 
HeHJBeCTHYlO CKOpOCTb, Bbl'lHCJieHb! 0IJeHKH BJaHMOAeHCTBHH HaJieTa10meii 'laCTH!Jbl B 
ynpyrnx pp-, µ p- H Heynpyrnx µp-peaKIJHHX B AHanaJoHe :meprnii OT 5 AO 1000 f3B. ,[{Jin 
q>HKCHpOBaHHOro yrna pacceHHIDI pe3yJibTaTbl o6Hapy)KHBalOT poCT MHTeJibHOCTH 
BJaHMOAeHCTBHH C yBeJIH'leHHeM 3HeprHH. 

IloKaJaHo, 'ITO peJIHTHBHCTCKYIO q>opMyrry CJIO)KeHHH CKOpOCTeH MO)KHO IlOJIY'lHTb 
Ha OCHOBe q>yHKIJHH Jio6a'leBCKOro, KaK npeAeJI COOTBeTCTBYIOll.lero OTHOIIIeHHH dx/dt, 
6e3 npHBJie'leHHH HHTepBana, a npeo6pa3oBaHHe JiopeHIJa eCTb peIIIeHHe CHCTeMbl AByx 
ypaBHeHHH: ypaBHeHHH MH HHBapHaHTHOCTH HHTepBana H ypaBHeHHH ~ 
OTHOCHTeJibHOH CKOpOCTH. 

HOBb!H IlOMOA K Bb!BOAY H3BeCTHb!X 4>YHAaMeHTaJibHbIX COOTHOIIIeHHH 
o6Hapy)KHBaeT HOBb!H cnoco6 aHaJIHTH'leCKOro OTo6pa)KeHHH CBOHCTB 
npocrpaHCTBa-BpeMeHH c noMOll.lblO q>yHKIJHH Jio6a'leBCKOrO 

Pa6oTa BblilOJIHeHa B Jia6opaTOpHH q>H3HKH 'laCTHIJ OJUIH. 
Coo6meHHe 061,el{HHeHHOro HHCTHTVTa Jll!CPHLIX HCCJJCl{OB<IHHil. llv6Ha 1999 

IlepeBOA aBTOpOB 

Fadeev N.G. P2-99-86 
Estimation of the Interaction Time of the Particle Scattering Processes 

The interaction time expressions for particle scattering processes have been obtained 
on the base of the established geometrical identity between space-time interval and 
Lobachevsky velocity space. 

To get numerical estimation for the particle interaction time, the automodelity (scale 
invariance) principle was applied to define corresponding unknown functions. The results 
for the elastic pp and µp and inelastic µp reactions at the beam energies of 5-1000 Ge V are 
presented. For fixed scattering angle the results reveal the obvious interaction time increase 
with increasing beam energy. 

Also it has been shown that the relative velocity's formula was founded by using the 
Lobachevsky function only, and Lorentz transformation was achieved as the solution of the 
system of two equations: for the interval invariance and for the relative velocity. 

The new way to get well-known fundamental values makes evident the new ability of 
analytical expression of the space-time properties with the Lobachevsky function. 

The investigation has been performed at the Laboratory of Particle Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1999 



I. BBEJ(EHHE 

Y)Ke B nepBblX pa6ornx, nocm,meHHblX H3JJO)KeHHIO npHHUHna OTHOCHTeJlb

HOCTH II Bbl)lBHHyrblX HM npo6JJeM, co.nep)KaJJHCb yKa3aHml Ha TO, 'ITO reoMeTpH» 

Jio6a'leBCKOro MO)KeT OKa3aTbC» BeCbMa none3HOH [l]. K HaCTO»meMy BpeMeHH B 

pe3ynLTaTe H3yqeHH» HOBOH reoMeTpHH Bb1»cH11nocb, 'ITO a6cTpaKTHb1e nono

)KeHH» H Bb!BO)lbl HeeBKJJH)lOBOH TeOpHH napanneJibHblX OKa3aJJHCb )lOCTaTO'IHO Ha

rn»)lHblMH H y,no6HblMH, 'IT06bl BCe 'lame CJl~HTb «pa60'IHM HHCTPYMCHTOM B 

PYKax qJH3HKOB, H3yqaJOmHx MHKpOMHp» [2]. TTpaKTH'leCKOe npHMeHeHHe npocT

paHCTBa CKOpOCTeH Jio6a'leBCKOro B aHaJJH3e ».nepHblX peaKUHH «npHBO)lHT K 60-

nee rny6oKOMY npOHHKHOBeHHIO B TeOpHIO OTHOCHTeJlbHOCTH, Ha.nen»eT TeOpHIO 

OTHOCHTeJJbHOCTH CHJlbHblMH 11 3aqacTy10 HeH3BeCTHblMH eii ca~toH no ce6e MeTO

)laMH, ycTaHaBJJHBaeT TeCHYIO CBH3b TeopHH OTHOCHTeJJbHOCTH C MHOroBeKOBOH 

HCTopueii TeOpHH napannenbHb!X II T.n.» [2]. 

O)lHaKO rny6HHHM npH'IHHa, rnaBHM CB»3b, o6ecne'IHBaIOmM 6nHJO.CTb 

cneuu_aJJbHOH TeOpHH OTHOCHTeJlbHOCTH 3iiHlllTeHHa II TeOpHH napannenbHblX Jlo-

6a'leBCKOro, OCTaeTC» CKpblTOH II HeynOBHMOH. A Me)KJ(y TeM, KaK npencTaBJJ»eTc», 

HCTHHa JJe)KHT, 'ITO Ha3b!BaeTC», Ha noBepXH0CTH. 

J(eiiCTBHTeJJbHO, OCH0BHblM CTep)KHCM HeeBKJJHJ(OB0H Te0pHH napanneJJbHblX 

»Bn»eTc» cpyHKUH» Jio6a'leBcKoro 0 = TT(x). OHa ycrnnaBnHBaeT onpe.neneHnyJO 

3aBHCHM0CTb Me)KJ(y yrnoBb!MH II JIHHeHHblMH BeJJH'IHHaMH II HMeHH0 oua o6yc

naBJJHBaeT cneu11cp11qecK11ii xapaKTep Bceii reoMeTpHH Jio6a'leBcKoro .. 

OKa3b!BaeTc», 'ITO cpyHKUH» e = TT(x) conep)KHTC» H B onpe.neneHHH HHBa

pHaHTHOCTH HHTepBana. B CB0IO O'lepe,nb, noH»THe HHTepBana H ero HHBapHaHT

HOCTH HMelOT qlytt)laMeHTaJJbHOe 3Ha'leHHe He TOJlbKO .nn» cneUHaJJbHOH TeOpHH 

OTHOCHTeJJbH0CTH 3HHlllTeHHa, HO H )lJIH BCeH TeopeTH'leCKOH qJH3HKH B uenoM. 

11MeHHO cpyttKUHH Jio6a'leBCKOro »Bn»eTC» TeM CB»3yJOmHM 3BeH0M, KOTopoe 

o6ecne'IHBaeT enHHCTB0 II fiJI0)l0TBOpH0CTb JlBYX TeopeTH'leCKHX fi0)lXO)l0B. 

OcHOBHOe co.nep)KaHHe pa6oTbl nocB»meHO YCTaHOBJJeHHIO CBH3H HHBapHaHT

HOCTH HHTepBana c npocTpaHCTBOM CKopocTeH Jio6a'leBCKOro II pacCMOTpeHHIO 

HeKOTOpblX npaKTH'leCKHX cnencTBHH o6Hap~eHHOH CB»3H, B 'laCTH0CTH: a) Bbl

BO)ly cpopMyJJbl .nn» JlJIHTeJlbHOCTH BpeMeHH B3aHMO)lCHCTBH» CTaJJKHBaJOmuxc» 

'laCTHU Ha OCHOBe HHTerpupoBaHml HHTepBana 11 6) BblBOJlY cpopMyJJbl nn» 
OTHOCHTeJJbHOH CKOpOCTH o6bl'IHblM cnoco6oM, KaK npe,nena C00TBeTCTByJOmero 
ornorneHHH dx/ dt. 

_© 06be,n1-1HeHHb1Ci l-1HCTl-1TyT si,nepHblX 1,1cc11e.nosaH1,1Ci, .[ly6Ha, 1999 
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OKa3aJJOCb, 'ITO cpopMyna pen»THBHCTCK0ro CJI0)KeHH» CKOpOCTeH MO)KeT 6b1Tb 

nonyqeHa Ha OCHOBe cpyHKUHH Jio6a'leBCKOro o6bi'IHblM cnoco6oM B paMKax 

KJJaCCH'leCKOH qJH3HKH 6e3 npHBJJe'leHH» HHTepBana, a npeo6paJOBaHHe Jlopettua 

B 3TOM cnyqae nenocpe,nCTBeHHO cne.nyeT KaK perneHHe CHCTeMbl JlBYX ypaBHeHHH: 

ypaBHeHH» nn» HHBapHaHTHOCTH HHTepBana H ypaBHeHH» .nn» OHOCHTeJlbHOH CKO

poCTH. 

l13BeCTHO, 'ITO 3aKOH CJIO)KeHH» CKOpoCTeH A. 3HHlllTeHH H A. TTyaHKape ne-

3aBHCHMO nonyqHnH B 1905 r. 113 npeo6pa30BaHHH JiopeHua. CoBpeMeHHOe 

qJH3H'leCKOe co,nep:lKaHHe npeo6paJOBaHH»M JiopeHua A. 3HHlllTeHH npu.nan, Bbl

BeB HX 3aHOBO 113 HHBapuaHTHOCTH HHTepBana. <l>opMaJJbHO fOBOp», Ha OCHOBe . 

nom'leCKHX paccy)KJ(eHHH HM 6bmO Haii.neHO pernenue .nn» O)lHOro ypaBHeHHH c 

JlBYM» HeH3BeCTHblMH, 'ITO B o6meM cnyqae HeB03MO)KHO, a B )laHHOM cnyqae, He

COMHeHHO, CBH)leTeJibCTByeT O rny6oKOH qJH3H'leCKOH HHTYHUHH HCCJJe)lOBaTen». 

HoBblH Bb!BO)l H .npyrM nocne,noBaTeJJbHOCTb B nonyqemrn H3BeCTHblX cpytt,na

MeHTaJJbHblX COOTHOllleHHH -CBH)leTeJJbCTBYIOT O Bbl»BneHHH HOBOro, CKOpee aJJb

TepHaTHBHOro, aHaJJHTH'leCKOro OT06pa:lKeHH» CBOHCTB npOCTPaHCTBeHHO-BpeMeH

HOro MHpa c noMombJO cpyHKUHH Jio6a'leBCKOro. B 'laCTHOCTH, HOBblH no.nxo.n 

YKa3b!BaeT Ha OTCyrCTBHe a6COJIIOTHOH HanpaBJJeHHOCTH OCH BpeMeHH no OTHO

rneHHIO K npOCTpaHCTBY, KaK ::no npumno )lO CHX nop, HeCMOTp» Ha npH3HaHHe 

He06XO)lHMOCTH OTpuuaHH» nocrynaTa a6COJIIOTHOro BpeMeHH HblOTOHa. 
1-IHcneHHble oueHKH JlJIHTeJJbHOCTH BpeMeHH B3aHMO)leHCTBHH CTaJJKHBa

JOmuxc» 'laCTHU MO)KIJO nonyqHTb no HaH)leHHOH cpopMyne, ucnOJJb3Y» mnoTely 

aBTOMO)leJJbH0CTH [3-4). B [4] noKaJaHa KOHKpeTHM " )lOCTaTO'IHO o6mM B03-

MO:lKHOCTb npe.ncTaBJJeHHH mnoTe3bl MaCrnTa6HOH HHBapHaHTHOCTH (aBTOMO)leJlb

HOCTH) B o6pa3aX npOCTPaHCTBa CKOpOCTeH, n03BOJIHJOmM Bbl'IHCJIHTb cpe)lHIOIO 

CKOpOCTb 'laCTHUbl B npouecce pacce»HHH. 3Ta CKOpOCTb Heo6XO)lHMa JlJIH 'IHCJJeH

HblX oueHOK BpeMeHH B3aHMO)leHCTBHH. 

2. CB513b HHTEPBAJIA C TTPOCTPAHCTBOM CKOPOCTEH 

JIOEAqEBCKoro B CJiyqAE CBOEOJ(HOH qACTHUbl 

J(n» CHCTeMbl KOOp)lHHaT, )lBmKymeiic» B)lOJlb OCH X 

nO)lBH:lKHOH CHCTeMbl OTC'leTa, HHBapHaHTHOCTb HHTepBana 

HeKOTOpOH He-

&2=&'2, 

2 2 • 2 & =(c&) -LU"", 

&'2 = (c/l.'t)2, 

(c&f- Id- = (ca-c)2 

-~-

I U!HCi., ... ~ .... .a.11 Gi,:.l.?JT I 
f!!!~!ii-.11 ucc.,ei-o~iull 

6'1SfltlOTEKA . -- --..-

(1) 

(1.1) 

(1.2) 

(1.3) 



Bblpa)KaeT co6cTBeHHOe BpeM51 L\'t Hal.Jana KOOp.UHHaT .1lBH)KYIUeHC51 CHCTeMbl '-IepeJ 

BpeM51 L\t CHCTeMbl OTC'-JeTa, OTHOCHTeJibHO KOTOpOH paccMaTpHBaeTC51 .1lBH)Kem1e 

[5] (c - CKOpOCTb CBeTa). Tio.u .UBH)KyIUeHC51 CHCTeMOH KOOp.UHHaT o6bllJHO 

IlOHHMaIOT CHCTeMy, CB51JaHHYIO C HeKOTOpOH .1lBH)KYIUeHC51 lJaCTHUeH, T.e. CHCTeMy 

Il0K051 lJaCTHUbl (&' = 0, x' - KOOp.UHHaTa B .1lBH)KYIUeHC51 CHCTeMe), a HHBapHaH

THOCTb HHTepBana JanHCbIBaIOT B BH,!le 

(cdt}2-(vdt}2 = (cd't)2, v=dx/ dt, 

dt ~ = d't, 13 = v I c, 

(1.4) 

(1.5) 

me V - CKOpOCTb lJaCTHUbl B HenO.UBH)KHOH CHCTeMe. J,fa ( I .4) Henocpe.ucTBeHHO 

cne.uyeT, 'ITO paccMaTpHBaeMblH HHTepBan BemecTBeHHblH HJIH BpeMeHHno.uo6HblH 

(cd't > 0), eCJIH 13 < I. Tiepexo.u B (1.4-1.5) K 6eCKOHelJHO MaJiblM co6bITH51M o6ec

netJHBaeT HHBapHaHTHOCTb HHTepBana .zvrn CJIYtJa51 npOHJBOJlbHOro .1lBH)KeHH51. 

Cne.uyeT OTMeTHTb, 'ITO HHBapHaHTHOCTb HHTepBana, Bblpa)KeHHa51 B qJOpMe 

(I .4), He co.uep)KHT B 51BHOM BH.Ue KOOp.UHHaT H YKaJbIBaeT Ha 3KBHBaJieHTHOCTb 

JaMeHbl lJeTBepKH lJHCen (r, t), xapaKTepHJYIOIUHX co6bJTHe, Ha lJeTBepKy lJHCeJI (v, t), 
OTHOC511UHXC51 K TOMY )Ke co6bITHIO. Y)Ke 3TO o6CT051TenbCTBO YKaJbIBaeT Ha CB51Jb 

HHTepBana C npocTpaHCTBOM, Ka)K.!la51 TOlJKa KOTOporo eCTb CKOpOCTb. 

06paTHM BHHMaHHe eme Ha TO, 'ITO COOTHOWeHHW(l.3) n (1.4) MO)KHO pacc

MaTpHBaTb KaK TeopeMy TIH<jJaropa .unH npHMoyronbHoro TpeyronbHHKa c mnoTe

HyJo." cM H KaTeTaMH & = v& H cL\'t (pHc. la). OcTpbIH yron SL Me)K,!ly KaTeTOM 

vM H mnoTeHyJoH, otJeBH.UHO, paBeH 

cos SL= vM/ cL\t= l3 = th p, (2) 

me p - 6bICTpOTa (B e,!lHHHuax c), COOTBeTCTBJIOIUa51 CKOpOCTH 13. OTcIO.ua HeMe.u

JieHHO IlOJIYtJaeM Bblpa)KeHH51 

sin0L =cL\'t/cM=~ = 1/chp, (2.1) 

0L I -cos 0L _ 
tg-=----=e P 

2 sine · 
L 

(2.2) 

H Bblpa)KeHHe ,!ln51 OCHOBHOH qJOpMyJibl Jio6atJeBCKOro [2,6]: 

eL = 2 arctg e-P = IT(p). (3) 

Yron eL HaJbIBaeTC51_ yrnoM napanneJibHOCTH, H, c11e.uy51 Jio6atJeBCKOMY, o6oJHalJa

lOT IT(p / k) (B (3) k = c = I). TaKHM o6paJoM, HHBapHaHTHOCTb HHTepBana (l), 
npe,1lCTaBJieHHa51 B BH,!le npHMoyroJibHOro TpeyroJibHHKa B o6bllJHOM (eBKJIH.UOBOM) 

npocTpaHCTBe, HeMe.uneHHO o6HapJ)KHBaeT B CBOeM onpe.ueneHHH <PYHKUHIO Jio6a
lJeBCKOro. 
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Ba)KHO OTMeTHTb, KaK 3TO cne.uyeT HJ (2) H (3), 'ITO ,!ln51 JII060H CKOpOCTH 13 
cymecTByeT onpe.ueneHHblH yron eL = TI(p), no.u KOTOpblM HanpaBJieH CBeTOBOH 

11YtJ cM, HCX0.1l511UHH HJ JII060H TOlJKH npHMOH, B.UOJlb KOTOpOH .UBH)KeTC51 lJaCTHUa, 

H npHH51TOH 3a HalJaJJO OTC'-JeTa. TioCKOJlbKY IlJIOCKOCTb CBeTOBOro 11YtJa He qJHK

CHpOBaHa, TO ,!ln51 paccMaTpHBaeMOro HHTepBana paBHOnpaBHbl JII06b1e TpeyroJib

HHKH, mnoTeHY3bl KOTOpblX Jie)KaT Ha IlOBepxHOCTH CBeTOBOro KOHyca, o6paJo

BaHHOro BpameHHeM JIYtJa BOKpyf HanpaBJieHH51 .UBH)KeHH51 lJaCTHUbl (BOKpyr OCH x). 
reoMeTpH'-IeCKHH o6paJ HHBapHaHTHOCTH HHTepBana B eBKJIH,!lOBOM npoCTpaH

CTBe npe.ucTaBJI51eTC51 noJieJHblM ,!ln51 51CHOro Bblpa)KeHH51 pa311HlJH51 B onpe.ueneHHH 

co6cTBeHHOro BpeMeHH d't H BpeMeHH dt B HeilO.UBH)KHOH CHCTeMe: cdt ecTb CBeTO

BOH 11YtJ B IlOK051IUeHC51 CHCTeMe, o6pa3JIOIUHH mnoTeHyJy TpeyroJibHHKa, a cd't -
CBeTOBOH 11YtJ B .UBH)KytUeHC51 CHCTeMe, o6paJyIOIUHH KaTeT Toro )Ke TpeyroJibHHKa 

Ha pHc. la. Cne.uoBaTeJibHO, BpeMH B .UBH)KyIUettcH CHCTeMe Bcer.ua MeHbUie Bpe

MeHH B CHCTeMe IlOK051 • 

B npocTpaHCTBe CKopoci'ett Jio6atJeBCKOfO HHTepBany (l .4) COOTBeTCTBYeT 

npHMoyrOJibHblH TpeyroJibHHK, HJ06pa)KeHHblH Ha pHc.16, C yrnoM napanJienb

HOCTH eL = TI(p). CTopoHaMH 3TOro TpeyroJibHHKa 51BJl51IOTC51 6bICTpOTbl, COOTBeT-

CTBYIOIUHe TeM CKOpOCT51M, KOTOpble o6paJyIOT CTOpOHbl TpeyroJibHHKa Ha pHc.la. 

TioCKOJlbKY 6bICTpOTa .!lJlj( CKOpOC'fH CBeTa 6ecKOHelJHa, TO COOTBeTCTBYIOIUHe 3TOH 

CKOpOCTH ,!lnHHbl CTOpOH TpeyroJibHHKa 6ecKOHelJHbl H napanJieJibHbl - yron Me)K

.uy HHMH paBeH HYJIIO. 

06bllJHO nocne.uoBaTeJibHOe H3JlO)KeHHe reoMeTpHH Jio6atJeBCKOro HalJHHaeTC51 

C yTOlJHeHH51 IlOH51TH51 napanJieJibHOCTH H BBe,1leHH51 onpe.ueneHH51 yrna napanJienb

HOCTH (HanpHMep, CM. [2,6]), T.e. C HJJIO)KeHH51 HenpHBbllJHblX CBOHCTB np51MOY

I'OJlbHOro TpeyroJibHHKa, HJo6pa)KeHHoro Ha pHc.16. 0.uHaKo HH B Hal.Jane, HH npH 

.UaJibHettweM H3JlO)KeHHH YtJeHH51 Jio6atJeBCKOro H ero npHJIO)KeHHH He OTMelJaeT

C51, 'ITO 3TOT TpeyrOJibHHK HMeeT Henocpe.UCTBeHHOe OTHOWeHHe K HHBapHaHT

HOCTH HHTepBana H 51BJI51eTC51 ero reoMeTpH'-IeCKHM o6paJOM B HeeBKJIH.UOBOM npo

CTpaHCTBe. Tio3TOMY MO)KHO JaKJIIOlJHTb, 'ITO, OTKaJbIBa51Cb OT Il51TOro nocTyJiaTa, 

BBO.!l51 yron napanneJibHOCTH H C03,1laBa51 CBOIO HenpOTHBOpelJHBYIO reoMeTpHIO, Jio-

6atJeBCKHH npe.uBocxHTHJI coBpeMeHHYIO TeopHIO, ocHoBaHHYIO Ha noCTOHHCTBe 

CKOpOCTH CBeTa H HHBapHaHTHOCTH HHTepBana. 

,!ln51 ,!laJibHeHUiero H3JlO)KeHH51 Ba)KHO OTMeTHTb pa6oTy H.A. lJepHHKOBa,[7], B 

KOTOpOH OH B 1964 r • .uan reoMeTPHtJeCKOe HCTOJIKOBaHHe npHMeHHTenbHO K npo

CTpaHCTBY Jio6atJeBCKOro CB51JH 3HepmH (MaCCbl .1lBH)KeHH51 m ) H HMilYJibCa p oa oa 

lJaCTHUbl C llOJIO)KHTeJibHOH MaCCOH IlOK051 m (o60JHalJeHH51 coxpaHeHbl HJ [7], HO 

IlOJIO)KeHO C = }): 

m2 -p2 =m2 
oa oa (4) 

H noKaJaJI, 'ITO .uym opHUHKJIOB m, m , p COCTaBJI51IOT Ha opHc<j}epe npHMOYoa oa 

roJibHbIH TpeyroJibHHK, no.uo6HbIH HJo6pa)KeHHOMY Ha pHc. la. 
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06ocHOBaHHeM 3TOfO j!BJI.SleTCjj TO, •no B CTepeoMeTpHH flo6atteBCKOro co

.nep:lKHTCg TaIOKe H nnaHHMeTpHg EBKnH.lla, KOTOpM peanHJyeTcg Ha nosepXHOCTH, 

HaJblBaeMOH opuccpepott [2]. Jlrrn .llMbHettruero Ba:lKHO TO o6cTOgTeJJbCTBO, lfTO 

opuccpepa He gsngeTcg nnocKOCTblO B npocTpaHcTBe flo6atteBcKoro, HO reoMeTpHg 

Ha 3TOH nosepXHOCTH eBKnH.llOBa. TI03TOMY COOTHOllJeHHe (4) Bblpa:lKaeTcg Ha 

opuccpepe npgMoyronbHblM TpeyroJJbHHKOM c ymoM napannenbHOCTH (3). 

0 

B) 

0 

8 
6) 

, , , ,. , 

, ., , 
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8 

cl1r 2_/ Pc 
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11X1 = v11t1 

Pa A 

I 6 t. 
I 

(S / So) 1/2· 

X 

PHc. l. feOMeTpHtteCKHe o6pa3bl HHBapHaHTHOCTH HHTepsana Jl]IJI CBo6o.nHoro .!lBHJKeHIDI 

ttaCTHUbl: a) - B eBKJIH,!lOB0M npocrpaHCTBe, 6) - B npocrpaHCTBe Jlo6atteBCKoro, 8) -
KOHelfHbIH HHTepsan B eBKJIH.!lOBOM npocrpaHCTBe KaK C)'MMa MaJJblX HHTepBaJJOB C 
<pHKCHpOBaHHoii .WIHTeJlbH0CTbJO co6crBeHHOro BpeMeHH 
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OtteBH.llHO, lfTO eBKnH./lOBbl. reoMeTpHtteCKHe o6paJbl, Bblpa:lKalOIUHe HMnynbc

H0-3HepreTHlfeCKYIO CBjjJb C MaCCOH (4) H HHBpHaHTHOCTb HHTepsana .(1 .4), 
paJnHlfalOTCjj nHllJb s e.nmrnuax HJMepeHHjj. Ha.nne:lKaIUHM Bbl6opoM e.nHHHU HJMe

peHHjj MO:lKHO HJ TpeyronbHHKa Ha opHc<pepe, COOTBeTCTBYIOIUero HMnynbCH0-

3HepreTHlfeCKOH CBjjJJt, nonyttHTb no.no6HblH eMy TpeyronbHHK (ongTb )Ke Ha 

opHccpepe, T.e. s npOCTpaHCTBe no6atteBCKOro), COOTBeTCTBYIOIUHH HHBapuaHT

HOCTH HHTepsana. 

Jlng 3TOro nonO:lKHM, lfTO Macca ttaCTHUbl, C KOTOpOH csgJaHa IlO.llBH:lKHM 

CHCTeMa KOOp.llHHaT, HJBeCTHa T.e., HJBeCTeH HMnynbC ttaCTHUbl p B HeilO.llBH:lKHOH 

CHCTeMe. Tor.na .llnHHbl CTOpOH TpeyronbHHKa Ha pHc. la, COOTBeTCTBYIOIUHe HeKO

rnpoMy MOMeHTY speMeHH t, MO:lKHO HJMepHTb i3 e.nnHHUax A= h / p (sonH .ne

EpoiJng, h - nocTogHHM TinaHKa): 

vtit=n),., cllt=n A,, 
C 

Cil't = ntA., (5) 

r.ne n , n , n - BOnHOBble iiHcna, Heo6gJaTenbHO uenble, xapaKTepHJYIOIUHe s MO-v C t 

MeHT BpeMeHH t .nnHHbl CTOpOH B Bb16paHHOM Macnna6e A. YttHTblBM HHBapttaHT

HOCTb HHTepsana ( 1.3) " onpe.neneHtte yrna napannenbHOCTH (2) HeTpy.nHo no

nyttHTb CBj!Jb Me)K.lly lfHCnaMH nv, nc, nt: 

2 2 2 n - n = n ; n = n ch p, n = n sh p, 
CV t Ct Vt 

(6) 

aHanOrttlfHyID HMnynbCH0-3HepreTHlfeCKOH CBjjJH: 

E 2 -i=m2
, E=m ch p, p=m sh p. (6.1) 

Cne.nosaTenbHO, HJ TpeyronbHHKa Ha opuccpepe, CTOpOHbl KOTOporo HJMepeHbl B 

e.!(HHHUaX MaCCbl IlOKOjj (6.1), YMHO:lKeHHeM scex ./lnHH ero CTOpOH Ha lfHCno 

n v h / p 2
, MO:lKHO nonyttHTb no.no6HLIH eMy TpeyronbHHK, .nnHHbl cTopon KOToporo 

(6) s e.!(HHHUaX ').. 6y.nYT COOTBeTCTBOBaTb HHTepsany (1.3). 
rnaBHOe paJnHlfHe Me)K.lly lfHCnaMH n , n • n " E, p, m COCTOHT B TOM, lfTO B 

, V C t 

Bb16paHHblX CHCTeMax OTClfeTa npH IlOCTOj!HHOH CKOpOCTH ttaCTHUbl ~ lfHCna 

n , n , n , KaK cne.nyeT HJ (5), JaBHCj!T OT Bb16paHHOro MOMeHTa t (HnH 't, T.K. t " 
V C t 

't csgJaHbl cooTHomeHtteM (1.5)), rnr.na KUK E, p, m B .nanHoM cnyqae - He 

JaBHCjjT. 

reoMeTPHlfeCKM HHTepnpeTauug HHBapttaHTHOCTH HHTepsana B eBKnH.!(OBOM " 

ueesKnH.llOBOM npocTpaHCTBe OKaJb!BaeTcg TalOKe noneJHOH H npu nepexo.ne OT 

6ecKOHelfHO ManblX K KOHelfHblM HHTepsanaM npH HHTerpupoBaHHH Bblpa:lKeHug 

(1.5). CoorneTCTBYIOIUHe HHBapttaHTHOCTH HHTepsana reoMeTPHlfeCKHe <pHrypbl 

IlO.!(B0.!(gT K OCHOBHOH MblCnH O TOM, lfTO ecnu KaKHM-TO o6paJOM Ja<pHKCHpOBaTI; 

.nnuuy Manoro HHTepsana c/l't = ntA = const (T.e. Bb16paTL nt = const, nocKonLKY 
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A, - H3BeCTHa), TO JUUi HeKOTOporo KOHe•rnoro HHTepBana KOHe'IHOe co6cTBeHHOe 

Bpewi 11T, " KOHe'IHOe Bpewi Ha6mo,!leHH.H 11T 3a CB060,!lHO ,!lBH5Kymeiic.H (paBHO

MepHO H np.HMOnHHeHHO) 'laCTHUeii MO:lKHO npe,!lCTaBHTb B BH,!le 

11T' = L, /1t = nsf1t, 

11T="" f1t = n 11t 
"- s • 

(7) 

(7. ]) 

T.e. B _BH,!le npOH3Be,!leHH.H KOHe'IHOro 'IHCna C,!lBHroB ns Ha'lana KOOp,!lHHaT He

nO,!lBH)KHOH CHCTeMbl no HanpaBneHHIO ,!lBH)KeHH.H (B,!lOnb OCH x) Ha ,!lnHTenbHOCTb 

BpeMeHH /1t lfnH 11t, COOTBeTCTBYIOlllHX q>HKCHpoBaHHOMY 3Ha'leHHIO Manoro 

HHTepBana (CM p11c.] 6) . .llpyrnMH cnoBaMH, Bee BpeM.H Ha6n10,!leHH.H 11T 3a ,!lBH:lKy

meiic.11 'laCTHUeii 113 O,!lHOH HenO,!lBH:lKHOH CHCTeMbl MO:lKHO pa36HTb Ha MaJJbie Bpe

MeHa 11t KOHe'IHOro 'IHcna Heno,!lBH)l(HblX CHCTeM, Ka:lK,!la.H H3 KOTOpbIX C,!lBHHYTa 

.!lpyr OTHOCHTenbHO .upyra TaKHM o6pa30M, '!TO co6cTBeHHble BpeMeHa /1t Bcex 

CHCTeM 0,!lHHaKOBbl - HHBapHaHTHbl OTHOCHTenbHO C,!lBHra Ha'lana KOOp,!lHHaT B 

BbI6paHHOM KOHe'IHOM MHO:lKeCTBe CHCTeM. TiocKOnbKY Ha6n10.ueH11e Be,!leTC.H 3a 

CB060,!lHO ,!lBH:lKymeiic.11 'laCTHUeii, TO Bee CHCTeMbl C,!lBHHYTbl .!lpyr OTHOCHTenbHO 

.!lpyra no OCH X Ha O,!lHHaKOBOe paCCTO.HHHe f1.x = vf1t. 
Ha BbI6op co6cTBeHHOro BpeMeHH /1t (•rncna n = const) HY:lKHO HaJJO)KHTb 

t . 

eme ycnoBHe, JaKn10'-la10meec.11 B TOM, 11To6b1 'IHcno n ('111cno C.!lBHroB) 6Lmo ue
s 

nbIM. Toma B paccMaTpHBaeMOM cnyqae CB060,!lHOro ,!lBH)KeHH.H 'laCTHUbl n MO)KHO 
s 

o_npe,!lenHTb, HanpHMep, 11epe3 OTHOilleHHe nnOUla,!lH TPeyronbHHKa s. COOTBeTCT-

By10mero KOHe'IHOMY HHTepBany, K ,!lone IlnOllla,!lH /1S BbI6paHHOro Manoro, «3Ta

nOHHOro» HHTepBana (CM. pHC. le): 

n = ✓S/Kf1S, (8) s 

r,!le ,!lOn.H K'. (K $ 1) MO:lKeT 6b!Tb onpe,!leneHa H3 Tpe6oBaHH.H uenO'IHCneHHOCTH n . 
s 

Bo3HHKaeT Bonpoc, KaKHM o6pa30M q>HKCHpoBaTb nt HnH KaK BbI6HpaTb ·Ma-

nbIH HHTepBan, Y.!lOBnernop.1110m11ii 3THM ycnOBH.HM? 

.lln.11 3Toro paccMOTPHM Bbipa:lKeHII.H ,!ln.11 nnoma,!leii <f>myp Ha pHc. la 11 6. Tino

llla,!lb 11Sti.E eBKnH,!lOBa TpeyronbHHKa Ha pHc.la, O'leBHJlHO, eCTb 

1 1 2 2 
f1S = - vf1tcf1t = - i n sh p (9) 

ti.£ 2 2 t · 

HeH3BeCTHa.H BenH'IHHa 3,!leCb - 'IHCno nt' .HBHO 3aBHC.HUlee OT MOMeHTa BpeMeHH 

lf3MepeHH.H. TinOUla,!lb TpeyronbHHKa B npocTpaHCTBe CKopoCTeii llo6a'-!eBCKOro 

(p11c. 16) onpe,!len.11eTc.11 Bbtpa:lKeHHeM [2] 

11Sti.L = c2
(1t-(A + B + C)) = c2

(1t/2- SL)' (10) 

r,!le (A + B + C) - CYMMa yrnoB HeeBKnH,!lOBa TpeyronbHHKa, B paccMaTpHBaeMOM 

cnyqae onpe,!len.HeTC.H TOnbKO CKOpOCTblO 'laCTIIUbl (cos eL = J3). 
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YpaBHeHH.H (9) " (IO) co,!lep:lKaT no O.!lHOMY paJMepHoMy napaMeTpy - A. H c, 
COOTBeTCTBeHHO, onpe,!lemuomHx pa3MepHOCTH nnoma,!leH q>Hryp. CaMH )Ke q>Hry

pbl .HBn.HJOTC.H pa3nH'IHblMH reoMeTpH'leCKHMH o6pa3aMH OJlHOro H Toro )Ke COOTHO

meHH.H (1.4) - HHBapHaHTHOCTH HHTepBana. KaK nO,!l'lepKHBaJJOCb Bbtme, 

eBKnH,!lOB TpeyronbHHK Ha pHc. la MO)KHO paccMaTpHBaTb KaK np.HMoyronbHblH TPe

yronbHHK Ha opHcq>epe B npocTpaHCTBe llo6a'-!eBcKoro. Pa3,!lenHB .!lnHHbI Bcex ero 

CTOpOH Ha A. H YMHO:lKHB HX Ha C, nonyqHM Ha OpHcq>epe nO,!l06HbIH TpeyronbHHK 

C ,!lnHHaMH CTOpOH n c, n c, n C H COOTBeTC1fByJOUleH nnOUla,!lblO /1S ·o= 
V C t Ll 

1 2 2 
/1Sti.0 =2cntshp. (11) 

OrcJO,!la BH,!lHO, '!TO nt MO:lKHO onpe,!lenHTb, ecnH noTpe6oBaTb, 'IT06bl nnOUla,!lb 

f1S ti.O TpeyronbHHKa Ha opHc<f>epe, H3MepeHHa.H B e,!lHHHUaX c, paBH.Hnacb lfnH co

CTaBn.Hna ,!lOnJO K(K $ 1) nnom~H /1S ti.L TpeyromHHKa Ha nnOCKOCTH B npoCTpaH

CTBe CKOpOcTeii: 

f1S ti.O = K'.f1S ti.L. 

YcnoBHe (12) HeMe,!lneHHO npHBO,!lHT K Bblpa:lKeHHIO ,!ln.H nt: 

✓ K'./1S ti.L n -
t - 1 /2c2 sh p • 

HnH 

n = ✓K(1t-28L) 
t sh p ' 

a BO3Bpama.HCb K (5) H (6), HaxO,!lHM: 

/1t = nti / c, 

f1t = ntA./ c ch p, 

me nt onpe.uen.11eTc.11 H3 (13.1). 

(12) 

(13) 

(13.1) 

(13.2) 

(13.3) 

Qqe~HJlHO, '!TO ,!lnSI 'IHCneHHblX oueHOK BenH'IHH n_v' nc, nt H COOTBeTCTBy

lOlllHX BpeMeH /1t, 11t K03q>q>HUHeHT K MO:lKHO nono:lKHTb paBHbIM e)lHHHUe (CM. 

pHc.36-z). To•moe ero 3Ha'-!eHHe MO:lKHO onpe,!lenHTb, KaK ynoMHHaJJOCb, 113 Tpe-

6oBaHH.H ueno'IHCneHHOCTH OTHOilleHH.H nnoma,!leH, '!TO Tpe6yeT 3a,!laHII.H KaKHM-TO 

o6pa30M BenH'IHHbl KOHe'IHOro HHTepBana. B cnyqae CB060,!lHOro ,!lBH:lKeHII.H 

'-!aCTHUbl C noCTO.HHHOH CKOpOCTblO .!lpyroii BO3MO:lKHOCTH onpe,!leneHH.H nonHoro 

HHTepBana, KpoMe 3a,!laHH.H KOHe'IHOro BpeMeHH 11T (HnH 11T'), He HMeeTC.H. Ho H 

3a,!la'-!a no onpe,!leneHHIO 3THX BpeMeH - 3a,!la'la HHTerpHpOBaHH.H HHTepBana - B 

3TOM cnyqae He BO3HHKaeT. 

B cnyqae :lKe ,!lBH:lKeHII.H 'laCTHUbl C nepeMeHHOH no BenH'IHHe H (HnH) HanpaB

neHHIO CKOpOCTbJO, KaK, HanpHMep, B cnyqae pacce.HHH.H '-!aCTHU, TaKHe 3KC

nepHMeHTaJJbHO H3Mep.HeMble BenH'IHHbl, KaK nepe,!laHHblH 4-HMnynbc B rny6oKO-
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Heynpymx peaKUHHX, HnH, '!TO TO :lKe, HO 6onee HarnH.!lHO - senH'fHHa yrna yn

pyroro pacceHHHH B TOH HnH HHOH CHCTeMe - MOryr cny:lKHTb npHJHaKOM, CBH.!le

TenbCTB)'IOIUHM 06 OKOH'f.aHHH BJaHMO.!leHCTBHH._ floaToMy sonpoc o .!l)IHTeJJbHOCTH 

speMeHH BJaHMO,!leHCTBHH, B peJynbTaTe KOTOporo qacTHUa OTKnOHHnacb Ha HeKO

TOpbIH yron, npe.ncTasnHeTCH npaBOMepHbIM. Ho B 3TOM cnyqae HaTanKHBaeMCH Ha 

npo6neMy penHTHBHCTCKOro onHCaHHH CHCTeMbl .nsyx H 6onee qacTHU (CM., 

HanpHMep, [2]). 

11MeHHO .!lnH 3TOro npaKTH'feCKOro cnyqM ycnOBHe (12) HBnHeTCH KnlO'feBbIM 

H nOTOMY sa:lKHbIM ypaBHeHHeM. OHO noJBOnHeT BbI6paTb Macuna6 co6cTBeHHOro 

BpeMeHH He TOnbKO B cnyqae CB060.!lHOrO . .!lBH:lKeHHH 'faCTHUbl, HO H B cnyqae 

KpHBOnHHeHHOro .!lBH:lKeHHH - .!lBH:lKeHHH no.n .nettCTBHeM CHn. 

3. CB.Sl3h 11HTEPBAJIA C ITPOCTPAHCTBOM CKOPOCTEM 

B CJiyt.JAE B3Al1MOL{EMCTBYIOll.lEM lJACTl1l{hl 

PaccMoTpHM Tenepb cnyqaif KpHBOnHHeHHOro .!lBH:lKeHHH CHCTeMbl KOOp.!lHHaT, 

CBHJamioH C qaCTHUeH, T.e. Kor.na 'faCTHUa yqacrsyeT BO BJaHMO,!leHCTBHH. 

L{nH npOCTOTbl 6y.neM paCCMaTpHBaTb 'faCTHUbl, yqaCTBYIOIUHe s TaKHX BJaHMO

.neHCTBHHX, B peJynbTaTe KOTOpbIX Macca 'faCTHUbl He_ HJMeHHeTCH. '.iho npe:lK,!le 

scero ynpyme KaHanbI, rny6oKoHeynpyme peaKUHH (fHP) pacceHHHH nemoHOB 

Ha HYKJIOHax H .npyrne, s YKaJaHHOM CMbICne noXO:lKHe Ha fHP. 06IUHM npHJHa

KOM BbI6paHHOro Knacca peaKUHH HBnHeTCH HJBeCTHbIH (HJMepeHHbIH) nepe.naH

HblH 4-HMnynbC CTMKHBalOIUHXCH 'faCTHU. HeKOTOpble H,!leH O TOM, KaK BKnlO'fHTb 

s 06my10 cxeMy .npyme BJaHMo.neifcTBHH (hh, hA, AA), co.nep:lKaTCH B pa6oTe [4]. 

B 3TOH )Ke pa6oTe [4] nOKaJaHO o6mee .!lnH .naHHblX peaKUHH HX npe.ncrnsneHHe B 

npocTpaHcTBe CKOpOCTeH Jio6aqescKoro, KOTOpoe 6y.neM 3,!leCb HcnonbJOBaTb . 

flpe:lK,!le seem OTMeTHM, 'ITO npH pacceHHHH 'faCTHU coxpaHHeTCH 4-TeHJop 

yrnosoro MOMeHTa CHCTeMbl .nsyx HaneTalOIUHX qacTHU. flo3TOMY H ro.norpaq>bl 

CKopocTeH CTMKHBalOIUHXCH 'faCTHU s npOCTpaHCTBe Jlo6aqesCKOro (HanpHMep, 

.rienTOHa H a.npoHHOH MaCCbl B fHP) H HX op6HTbl .non:lKHbl ne:lKaTb B 0.!lHOH nno

CKOCTH - nnOCKOCTH pacceHHHH. 

flocKOnbKY HHBapHaHTHOCTb HHTepsana B MMOM BbinOnHHeTCH .llnH 

npoHJBOnbHOH. CKOpOCTH [5], rn npH .!lBH:lKeHHH qacTHUbl no nnocKOH KpHBOH re

OMeTpH'!eCKOH cj>mypoif, COOTBeTCTB)'IOIUeH HHBapHaHTHOCTH HHTepsana, 6y.neT 

KpHBOnHHeHHbIH, KocoyronbHblH (6eJ npHMOro yrna) TpeyronbHHK (CM. pHc.2a). 

KpHBOnHHeHHblH TpeyronbHHK HBnHeTCH 6onee o6IUHM cnyqaeM reoMeTpH'leCKOro 

Bblpa:lKeHHH HHBapHaHTHOCTH HHTepsana B eBKnH.!lOBOM npocTpaHcTBe. floKa:lKeM, 

KaKHe yrnbI ~ H ~ COCTaMHIOT cseTOBble nyqH cAt H cAt (Ha pHc.2a - nHHHH,. 

COCTOHIUHe HJ TO'feK) C HanpasneHHeM .!lBH:lKeHHH 'faCTHUbl, KOr.na Ja BpeMH 

At= t2 - t I OHa OTKnOHHeTCH Ha MaJJblH yron 0 (pHc.2a). 

lO 

J{Jrn arnro onpe.nenHM nyrn, npoif.neHHbie qacrnueif I vi At= J !~ I vi dt H cse

TOM cilt, KaK .!lnHHbI .nyr L H L : 
C 

L= lvlAt=R0, L =cAl=R0 =RS/ lpl. (14) 
C C 

me I vi - Mo.nynb CKOpOCTH V, lvl, IPI = lvl /c - cpe.UHHH Ja At Mo.nynb 

CKOpOCTH; R - pa.nHyc KpHBHJHbI; 0 - yron, COOTBeTCTBYIOIUHH .nyre c ,!lnHHOH 
C 

csernsoro nyqa cAt H c TeM :lKe pa.llHycoM KpHBHJHbI R (0 c = ~ / IP I , T .K. 

lvlM/(cAt)= IPI). Tor.na 

dt =cdt✓ 1 -p2 = ✓ 1 -p2 RS/ lpl. (14.1) 

flo TeopeMe KOCHHYCOB .nm1 yrnos ~ H ~ B TpeyronbHHKe, cocrasneHHOM HJ pac

CMaTpHBaeMblX nyqeH H xop,!lbl ,nym L (.nnHHa xop,!lbl 

I = J :~ V dt = vAt = 2R sin 0 /2, V - cpe.UHHH Ja At CKOpOCTb ), nonyqHM 

cos (0~ +0/2)= 

cos cs;+ e /2) = 

2 

sin 0 / 21 + 1 _ 1 
0/2 ill 
si!!..!!12 

0/2 
2 

2 • 

sin 0/2] _ 1 
0/2 ffi 
si!!..!!12 2 

0/2 

(15) 

(15.1) 

OTcIO.na BH,!lHO, '!TO npH OTCJTCTBHH pacceHHHH (0 = 0) yrnbl ~ = eL H ~ = rc/2, 

T.e. KpHBOnHHeHHblH KOCoyronbHblH TpeyronbHHK nepeXO,!lHT B JHaKOMblH npHMO

yronbHHK C yrnoM napannenbHOCTH SL" flose.neHHe OTHOWeHHH cpe.nHeH CKOpOCTH 

K cpe.nHeMy Mo.nynIO cosna.naeT C JaBHCHMOCTblO OT yrna OTHOWeHHH ,!lnHHbl xop,!lbl 

K ,!lnHHe .nyrn: 1/L=v/lvl = =sin(S/2)/(0/2) ➔ 1 npH 0 ➔ 0, T.e. npH 
At ➔ 0. 113 ( 15) TaK:lKe BH,llHO, 'ITO npH MMbIX At HHBapHaHTHOCTb HHTepsana, 

Bb!pa:lKeHHYIO s BH,!le COOTHOWeHHH (14.1) (nepsoro paseHCTBa), MO:lKHO paccMaT

pHBaTb .nnH npHMOyronbHOro TpeyronbHHKa, COCTaBneHHOffi HJ xop.!lbl (BMeCTO 

.nyrn) H COOTBeTCTByIOIUHX CBeTOBblX nyqeH. Tor.na yron HaKnoHa nyqa cAt K xop.ne 

vAt 6y.neT: cos BL= p. To ecTb yron napannenLHOCTH BL B 3TOM cnyqae cooTBeTCT-

syeT cpe)J.HeH CKOpOCTH 13, UOCTOJIHHOH Ja speMH At H uanpaBJieHHOH no xop)J.e. 
11 s cnyqae KpHBOnHHeiiHoro )J.BH:lKeHHH COOTBeTCTBYIOIUHe reoMeTpH'!eCKHe 

o6paJbl, Bblpa:lKaIOIUee HHBapHaHTHOCTb HHTepsana, IlO)J.CKaJb!BaIDT cnoco6, KaK 

BbinOnHHTb HHTerpHpOBaHHe HHTepsana, H q>HJH'leCKHH CMbICn TaKoro 

HHTerpHposaHHH. Bee speMH Ha6nIO)J.eHHH AT Ja )J.BH:lKYIUHeCH qacrHueii HJ He-
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flO,llSHJKHOH eHeTeMLI OTe'!eTa MOJKHO 3aMeHHTL ua6mo.ueHHeM HJ KOHelJHOro 

'IHena .upyrnx HenO.UBHJKHLIX eHeTeM, s KaJK.UOH HJ KOTOpblX speMJI Ha6mo.ueHHJI 

eoeTaBJIJleT !l.t. (M. He 06J1JaTeJ1bHO pasuo M.), a KOOp.UHHaTbl HatJana Ka.JKJlOH 
I I J 

noene.uyromeii eHCTeMbl eOOTBeTeTsyroT nepeMeIUeHHIO (no .uyre) tJaeTHUbl s npe

.llbl.llYIUeii eHeTeMe H MOryT 6L1TL nonYtJeHbl HJ KOOp.UHHaT HatJana npe,llbl.llYIUeii 

nYTeM e.unHra (no xop.ue) Ha .unuHy xop.ubl H nosopoTa Ha yron 0. ITpHtJeM MHOlKe

eTso Heno,llSHlKHblX eHeTeM MOlKe'r 6bJTh Sh16paHO TaK, lJT06bl eo6eTBeHHble speMe

Ha !l.'t s Ka.JKJlOH HJ HHX OKaJanHeb 6bl, KiK Toro Tpe6yeT HHsapHaHTHOeTh, O.llHHa

KOSblMH. IToeKOJlhKY s Ka.JKJlOH eHeTeMe .llSHlKeHHe qaeTHUbl MOlKHO paeeMaT

pHsaTh KaK .llSHlKeHHe no xop.ue e noeTOJIHHOH epe.uHeH eKopoeTblO, TO see 

eHeTeMhl JIBJIJIIOTeJI HHepUHaJlbHblMH. 

.D:pymMH enosaMH, seeh YtJaeTOK nnOCKOH KpHSOH, npH ,llSHlKeHHH no KOTO
poii tJaeTHUa Henb1Tb1BaeT SJaHMO.UeiieTBHe, MOlKHO pa36HTh Ha .uym e TaKHMH 
xop.uaMH v.M., '!TO see TpeyronhHHKH, noeTpoeHHble Ha OeHose HHsapHaHTHOeTH 

I I 

HHTepsana, 6y.UYT HMeTh o.umiaKosyro MHHY eTopOHbl, eooTBeTeTByromeii 3JleMeH
TY eo6eTBeHHoro speMeHH c!l.t. ITpH TaKOM paJ6HeHHH nonHoe eo6eTBeHHOe speMJI 
!l.T' tJaeTHUbl 6y.ueT npoHJse.ueHHeM KOHelJHOfO lJHCJla e.usuros H nosopOTOS 
HeXO.llHOH eHeTeMbl KOOp.UHHaT Ha 3JleMeHT eo6eTBeHHOfO speMeHH d't, a see spe

MJI Ha6nro.ueHHJI !l.T - eYMMOH KOHelJHOfO lJHCna enaraeMhlX fl.tr Cne.uosaTeJlhHO, 

Ja,lla'la HHTerpHposaHHJI HHTepsana esO,llHTeJI K Ja,llalJe noHeKa KOHelJHOro MHOlKe
eTBa HHepuHanhHblX eHeTeM, onpe.ueneHHhlM o6paJOM OpHeHTHposaHHhlX .upyr 

OTHOCHTeJlhHO .upyra. 
OeHOSHOH CMblen 3THX paeeY.JKJleHHH JaKJIIOlJaeTeJI S npe.unolKeHHH 0 

paJ6HeHHH seeii o6naeTH HHTerpHposaHHJI no speMeHH HHTepsana (1.5) Ha KOHelJ

HOe lJHeno n I TaKHX ee tJaeTeii fl.ti = '2 - t I (t2 > t I), npHtJeM He 06J1JaTenhHO pasuo-

senHKHX, Ka.JKJlaJI HJ KOTOphlX eooTBeTeTSOsana 61,1 HeKOTOpOMY cjmKeHposaHHOMY 
JHalJeHHIO ,llJIHTeJlbHOCTH eo6eTBeHHOro speMeHH d't, O,llHHaKOSOMY (HHSapHaHTHO· 
My) .llJIJI seero Sh16paHHOro MHOlKeeTBa n, Heno.usHlKHblX eHeTeM. 

.D:n.11 eso60.UHOro .llSHlKeHHJI lJaeTHUbl, KOTopoe s enYtJae SJaHMO.UeiieTSHJI JIBJIJl
eTeJI HalJanbHhlM eoeTOJIHHeM, TaKOH Sh16op e.uenaH: c!l.'t = n,l'• (CM. (13)-(13.1)). 

ITo3TOMY e YtJeTOM npe.unolKeHHoro HHTerpan OT npasoii qacrH ( 1.5) MOlKHO npe.u-
CTaSHTh s SH.Ile 

T' T' 
I I 
/ 2 

!l.T' = J dt = n
1 

J d't = n
1
!l.t

1 
= n,n,l1./ c, (16) 

T' T' 
I I 
o I 

a OT nesoii: 

~ n t n 
I 2 I 

J dt~ = L, J dt/ ehp= L !l.t/ ehp
1
=!l.T/ ehpT' (16.1) 

t 
0 

H ene.uosaTenhHo, 

i= I t
1 

i = I 
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!ff= n n A./c chpr, t t 
(17) · 

npttt1eM Bee BpeM.H liT= tf-10 MO)KHO pa36HTh Ha 11, TaKHX HHTepBaJIOB fir;, ,!lJUI 

KIDl(JlOro H3 KOTOpblX BblnOflH.HeTC.H ycnoBHe 

'2 '2 
li't= f dt~= f dt/chp= lit./chp=nA./c=const, (17.1) 

t . I t t . 

'• '• 
me P, H Pr - cpe.uHHe JHa'leHH.H 6b1cTpOTbI (cKopocTH) 'laCTHUbI Ha HHTepBane 

BpeMeHH fir; H nonHOM HHTepBane liT, cooTBeTCTBeHHO. Bentt'IHHbI 11,, JC H Pr B 

(17) OCTaJOTC.H HeHJBeCTHblMH • 

L{n.si .UaJibHeiiumx pacc)')K,lleHHH BocnonhJyeMc.si npe.ucrnBneHHeM npouecca 

pacce.HHH.H B npocTpaHCTBe CKopocTeii Jio6a'leBCKOro. 0TMeTHM .UBa MOMeHTa :no

ro npe.ucTaBneHH.H, cymecrneHHbIX .un.si onpe.ueneHH.H HeHJBecTHblX BenH'IHH. 

ITepBbIH JaKnJO'laeTC.H B TOM, 'ITO nJ06oMy npoueccy pacce.HHH.H - KaK ynpy

roMy, TaK H HeynpyroMy - COOTBeTCTByeT HeKOTOpa.H reoMeTpH'leCKa.H cjmrypa B 

nnOCKO_CTH pacce.HHH.H. cI>opMa qmrypbl onpe.uen.HeTC.H Bb16opOM CHCTeMbl OTC'leTa, 

COCTO.HHH.HMH 'laCTHUbl .uo H nocne B3aHMO,lleHCTBH.H H ro.uorpacpoM CKOpOCTH 'laC

THUbl npH nepexo.ue H3 Ha'laJibHOro COCTO.HHH.H B KOHe'IHOe - T.e. HeKOTOpoii 

nHHHeH, xapaKTepH3yJOIUeii HJMeHeHHe CKOpOCTH 'laCTHUbl B npouecce B3aHMO

.ueiicTBH.H. 

0.uHaKO COBpeMeHHa.H TeOpH.H B3aHMO.lleHCTBH.H 'laCTl-fU onpe.uenHTb 3Ty flHHHIO 

noKa He MO)KeT. B (4] noKaJaHo, 'ITO Ha OCHOBe mnoTe3bl Macuna6HOH HHBapHaH

THOCTH (HnH aBTOMO,lleflbHOCTH) OHa MO)KeT 6b1Tb onpe.ueneHa. Pe3ynhTaThl 3TOH 

pa60Thl 6y.uYT HCnonh30BaHbl .llfl.SI 'IHCneHHblX oueHOK B cne.uyJOIUeM pa3,llene. IToKa 

.llfl.SI Haumx pacc)')K,lleHHH Ba)KeH CaM cpaKT npH3H.aHH.H _He06XO.llHMOCTH cymecTBO

BaHH.H 3TOH nHHHH, a He ee KOHKpeTHa.H cpopMa. 

06mHa'IHM 3TY nHHHIO '1epe3 p(0.) - KaK cpyHKUHJO 6blCTpOTbl OT TeKymero 
I 

3Ha'leHH.H yma pacce.HHH.H 0 .• 0'1eBH,llHO, 'ITO npH 0. = 0 tt npH 0: = 0 (0 - nonHbIH 
I I I 

yron pacce.HHH.H) cpyttKUH.H p(0;) .uon)KHa npHHHMaTh JHa'leHH.H 6blcTpOTbI 'lacmui,1 

B Ha'laJibHOM tt KOHe'IHOM COCTO.HHH.HX, COOTBeTCTBeHHO. 3THMH )Ke COCTO.SIHH.HMH 

· onpe.uen.HeTC.H H ,llflHTenbHOCTb BpeMeHH B3aHMO,lleHCTBH.H liT B HenO.UBH)KHOH 

CHCTeMe. ITo3TOMY npe.UCTaBn.HeTC.H O'leBH.llHblM, 'ITO yron pacce.HHH.H 0. ' B CBOJO 
I 

O'lepe,llb, .HBn.HeTC.H HeH3BeCTHOH cpyttKUHeii BpeMeHH t. Bo BC.HKOM cnYlJae, MO)KHO 

nonaraTh, 'ITO ro.uorpacp CKOpOCTH eCTb CflO)KHa.H cpyttKUH.H BpeMeHH - p(0;(t)}. 

Ecntt Bb16paHa cttcTeMa ueHTpa Mace, TO npoueccy pacce.HHH.H 6y.ueT coorneT

CTBOBaTh B npocTpaHCTBe CKOpocTeii nnocKa.H cpttrypa B BH.lle CeKTopa C 0.llHHaKO

BbIMH no .llflHHe 6oKOBblMH CTOpOHaMH npH ynpyroM pacce.HHHH (pHc. 26) tt c 

pa3Hb1MH no .llflHHe CTOpOHaMH npH HeynpyroM pacce.HHHH (pHC. 2z). 
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i 

] 

) 

TaKHM o6pa30M, B BbI6paHHOH CHCTeMe OTC'leTa (ueHTpa Mace) paBHOMepHOMY 

H np.HMOflHHeHHOMY .llBH)KeHHIO 'laCTHUbl MO)KHO conocTaBHTb B npocTpaHCTBe 

CKOpOCTe_H np.H_M_oyronbHbIH TpeyronbHHK c yrnoM napannenhHOCTH (3), a 

KpHBOflHHeHHOMY .llBH)KeHHIO - ceKTOp, yron pacrnopa KOTOporo paBeH yrny pac

ce.HHH.H 0. 

Brnpoii cYIUeCTBeHHblH M.H Haumx pacc)')K,lleHHH MOMeHT npe.ucrnBneHH.H 

B3aHMO,lleHCTBH.H B npocTPaHCTBe Jio6a'leBCKOro COCTOHT B TOM, 'ITO ymbl Me)K.lly 

BeKTOpaMH CKOpOCTeH 'laCTHU B eBKnH.llOBOM npocTpaHCTBe paBHbl COOTBeTCTBy

JOIUHM ymaM B npocTpaHCTBe Jio6a'leBCKOro [2]. Xorn npocTpaHCTBO CKOpOCTeH 

He COBna.uaeT C npOCTPaHCTBOM nono)KeHHH 'laCTHU, HO BC.HKOe H3MeHeHHe nono

)KeHH.H 'laCTHUbl, xapaKTepHJyeMoe H3MeHeHHeM uanpaBneHH.H H (HnH) BenH'IHHhl 

CKOpOCTH 'laCTHUbl B eBKnH.llOBOM npocTpaHCTBe, Bcer.ua HMeeT COOTBeTCTBYJOIUee 

OT06pa)KeHHe B npocTpaHCTBe CKOpOCTeH, 'ITO H qJHKCHpyeTC.H COCTO.HHH.HMH 

'laCTHU .uo H nocne B3aHMO,lleHCTBH.H. 

Bo3BpaIUa.HCh K onpe.uem;:HHIO HHTepecyJOIUHX Hae BenH'IHH HanOMHHM, 'ITO 

qJHKCHpOBaHHblH npoMe)KYTOK co6cTBeHHOro BpeMeHH onpe.ueneH '1epe3 .uonJO 

MOIUa,llH HeeBKnH.llOBa TpeyronhHHKa liS l!L' COOTBeTCTBYJOIUero Ha'laJibHOMY co-

CTO.HHHIO 'laCTHUbl ( CM.( 13) tt (12)). O'leBH.llHO, 'ITO BCIO nnOIUa,llb ceKTopa SSL' 

COOTBeTCTBYJOIUero yrny pacce.HHH.H 0, MO)KHO npe.ucTaBHTb B BH,lle CJMMhl n s 

0.llHHaKOBblX nnoma.ueii liS SLMaJibJX ceKTOpOB B o6meM cnYlJae C pa3HbIMH yrnaMH 

li0., CJMMa KOTOpbIX COCTaBn.HeT nonHblH yron 0. 
I 

B npocTpaHCTBe CKOpOCTeH nnOIUa,llh ceKTopa liS SL C yrnoM pacrnopa 

li0; = 02 - 0 1 MO)KHO JanncaTh B BH.lle 

82 

liSSL = c
2 f (ch p(0;)- l)d0i = c

2
1i0;(ch p8 - 1), 

81 

r.ue p
8 
'- cpe.uHee JHa'leHne 6blcTpoThI 'laCTHUbl B HHiepBane li0i" 

(18) 

Ey.ueM Bbl6npaTh BenH'IHHbl ymoB li0. TaKHM o6pa30M, 'IT06hl nnoma.un COOT

' 
BeTCTBYJOIUHX HM ceKTOpOB 6bmH 0.llHHaKOBbl H paBH.HnHCh BbI6paHHOH .uone nno-
ma.un HeeBKnH.llOBa TPeyronhHHKa liSl!L, T.e. paBeHCTBO (12) JannmeM B BH,lle 

liS 1'10 = KfiS l!L = fiS SL" (19) 

ITo.u'lepKHeM, 'ITO qJHKCaUH.H Macmrn6a co6CTBeHHOro BpeMeHH Tenepb (CM.(13)) 

npOH3B0,llHTC.H 'lepe3 BhI6paHHYJO nocTO.HHHYJO IlflOIUa,llh «3TaJIOHHOro» ceKTOpa, 

COCTaBn.HJOIUero HeKoTopyIO .uonJO HJBeCTHOH nnoma.un HeeBKnH,llOBa Tpey

ronhHHKa. Ymbl paCTBOpOB TaKHX CeKTOpOB MO)KHO HaHTH HJ (19): 

li0; = K(1t/2-0L)/(ch p8 -1), 
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OTKY)la BH,llHO, lJTO yrnbI 3aBHC»T He TOnbKO OT HatJanbHOH CKOpOCTH, HO H OT 

npoMe)KYTOtJHOH cpe;weA cKopocTH p 8, onpe.uen»eMOH HeHJuecTHblM B3HMO-

,uettcTBHeM. Ilo3TOMY paCTBOpbl yrnoB npH 0,llHHaKOBOH nnoma.uH CeKTOpOB Moryr 

6h1Tb pa3Hb1MH. 
113MeHeHHe yrna tJaCTHUbl Ha BenHtJHHY A0; = 02 - 01npOHCXO,UHT 3a npoMe)Ky-

TOK BpeMeHH Aro= ta - ta, KOTOpOMY COOTBeTCTBYeT co6cTBeHHOe BpeM» 
2 I 

cA'to = ni,,, q:>HKCHpoBaHHOe BbI6paHHOH nnoma,uhIO Manoro ceKTopa. YKa3aHHble 

npoMe)KYTKH BpeMeH CB»3aHbl HHBapHaHTHOCTbIO HHTepuana: 

'e 10 · 
2 2 

A-r8 =n/1./c:;: J dt~= J dt/chp~At8 chp8. (21) 

1e 1e 
I I 

TaK KaK yron pacce»HH» »Bn»eTC» HeH3BeCTHOH cpyHKUHeH BpeMeHH, TO 3,UeCb 
HCnOnb]_OBaHO _ onpe.ueneHHe cpe.uHero 3HatJeHHH cnO)KHOH cpyHKUHH: 
p 8 = p(0) = p(0(t)) - T.e. cKopocTb (6h1cTP0Ta), ycpe,uHeHHM no upeMeHH Ha npo-

Me)KYTKe At9, paBHa CKOpOCTH (6bICTpOTe), ycpe,uHeHHOH no yrny, HJMeHeHHe KO

TOporo npoHJornno 3a TO )Ke upeM» Ha HHTepuane A0 .. CpaBHHBM (21) H (17.1) 
I 

HaXO,llHM Ato = At;, T.e. HaXO,llHM HCKOMbIH cnoco6 pa36HeHHH o6naCTH 

HHTerpHpoBaHH» HHTepuana no BpeMeHH, a HMeHHO: 'npH pa36HeHHH BCeH nno
llla.llH ceKTopa B npocTpancTBe Jio6atJeBCKOro Ha n paBHbIX tJacTeH, a cne,uoua-

s 

TenbHO, H BCeH o6naCTH HHTerpHpOBaHH» no BpeMeHH Ha n (Heo6»3aTenbHO paB
s 

HbIX) tJaCTeH At9, 6y,ueM HMeTb .un» Ka)K,llOH tJaCTH O,UHHaKOBblH aneMeHT co6cTBeH-

HOro upeMeHH A't = A-r
8 

= = n A/ c = canst. 113 (21) nonyqaeM 
t 't 

At8 = n'tA/ c ch p8. (22) 

Cne.uoBaTenbHO, npH pa36HeHHH BCeH nnoma,uH ceKTopa Ha n paBHbIX tJacTeH 6y
s 

,ueM HMeTb OtJeBH,llHbie Bblpa)KeHH» KaK .un» nonHOH ,llnHTenhHOCTH co6CTBeHHOfO 

upeMeHH AT': 
AT'=nA't=nn 1.,/c, s s 't 

TaK H .un» nonHOH ,unHTenbHOCTH BpeMeHH B Heno.UBH)KHOH CHCTeMe AT: 
n 

s 
n 

AT= L, At8 =n'tA/c L, chp8 =nsn'tA/cchp, 

(23) 

(24) 

me p - cpe.uH»» 6_bICTPOTa Ha BCeM HHTepBane yrna 0. CpaBHHBM (17) H (24) 

nonyqaeM 

Pr=P, (25) 

ecTeCTBeHHblH pe3ynhTaT, He 3aBHC»IUHH OT cnoco6a pa36HeHH» o6naCTH HHTe

rpHpOBaHH»: CKOpOCTb (6bICTporn), ycpe.uHeHHM no BCeMy BpeMeHH npouecca 
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B3aHMO,lleHCTBH», paBHa CKOpOCTH (6bICTpOTe), ycpe.uHeHHOH no BCeMy yrny pacce
»HH». 

3HatJeHHe HOpMHpOBOlJHOro K03q:>cpHUHeHTa 1C MO)KHO nonyqHTb H3 Tpe6o

BaHH» uenotJHCneHHOCTH n . YtJHTbIBM, lJTO nnoma.uh Manoro ceKTopa BbI6HpaeTCH s 

paBHOii .uone nnoma.uH HeeBKnH,llOBOro TpeyronbHHKa (CM.(19)), .un» ns MO)KHO 

HanHCaTL 

nso = SSL +ASM,, 

ns1=nso + 1 =SsL/(KASMJ, 

(26) 

(26.1) 

me 3HaKoM «+» o6oJHatJeHo .ueneHHe Haueno (6e3 .upo6Hoii tJacTH), n - uena» 
so 

tJaCTb OTHOilleHH» BCeii nnoma.uH CeKTopa K irnoma.uH TpeyronbHHKa B npOCT
paHCTBe Jio6atJeBCKOro. 

IlocKonbKY no onpe.uenemiro JC~ 1, TO .un» nro6hlx CKOnh yro.uHo ManbIX yrnoB 

pacce»HH» (MaJiblX nepe,uaq) Bcer.ua Haii.ueTCH ic > 0 TaKOe, lJTO n't > 0 (CM.(13)) H 

cne.uoBaTenbHO, A't > 0 H At> 0 - T.e. pacce»HHe Bcer.ua npOHCXO,llHT BO BpeMeHH 
H B npocTpaHCTBe (iiAt "#- 0). 

~aK cne.uyeT H3 (24)-(26), ecnH H3BeCTHbl HatJaJibHOe H KOHetJHOe COCTOHHH» 

pacce»HHOH tJaCTHUbl H ee cpe.uH»» CKOpOCTb B npouecce pacce»HH», TO MO)KHO 
BbllJHCnHTL ,llnHTenbHOCTb BpeMeHH pacce»HHH. 

4. lll1CJIEHHhIE OUEHKl1 JlJ111TEJihHOCTl1 B3Al1MO,llEHCTBl1~ 

.lln» onpe.ueneHH» HeHJBecrnoii q:>YffKUHH p(0) uocnonbJyeMc» rnnoTeJoii au
TOMo.uenbHOCTH, Ha OCHOBe KOTopoii MO)KHO onpe.uenHTb npoMe)KYTOtJHOe COCTO
HHHe B3aHMO,lleHCTBYIOIUeH tJaCTHUbl [4]. 

Cne.uyeT OTMeTHTb, lJTO B He.uaBHO ony6nHKOBHHOH pa6oTe [8] ,llOKa3aHO, lJTO 

ro.uorpacp _CKOpOCTH nnaHeTbl npe.ucrnun»eT co6oii OKp~HOCTb u npocTpaHCTBe 

Jlo6atJeBCKOro. 3ToT BbIBO,ll, nonyqeHHblH u Hepen»THBHCTCKOM npH6nH)KeHHH, 

cornacyeTc» C pe3ynbTaTaMH pa60Tbl [4], nonyqeHHbIMH .un» pen»THBHCTCKOro cny
lJM, B tJaCTHOCTH, .un» ynpyroro pacce»HH», Kor.ua ro.uorpacpoM CKOpOCTH »Bn»eTCH 

.uyra OKp~HOCTH (B C-CHCTeMe; CHCTeMa OTCtJeTa, HCnonbJyeMa» u [8], npH yc

nOBHH, lJTO Macca ConHua MHOro 6onbrne MaCCbl nnaHeTbl, eCTb TO)Ke C-CHCTeMa). 

OrpaHHlJHMCH HHTepecyromHM Hae KOHetJHbIM pe3ynbTaTOM, KOTOpbIH Ha 
OCHOBe [4], MO)KHO 3anHCaTL B BH,lle 

r.ue 

- d cos 0 + ✓ u2 + d 2 cos2 0 - 1 
th p =--------------

8 u2 +d 2 cos2 0 
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Pttc.3. HMnyJibCHrul JaBHCHM0CTb HeKOT0pblX q>HJH'leCKHX BeJIH'IHH npH q>HKCHposaHHOM 

3Ha'!eHHH co6CTBeHHOro speMeHH HaJieTa10meii '!aCTHUbI: a)- yma pacrsopa «3TaJI0HH0ro» 

ceKTopa; 6) -:- 3JieMeHTa speMeHH dt; «), z) - B0JIH0BbIX '!Hcen nc' n,:; o) - cpe.rmero 

pa.rmyca KpHBH3HbI; e) - B0JIH0B0ro 'IHCJia cpe.rmero paimyca KpHBH3Hbl (ynpyroe pp -

CnJI0UJHrul JIHHHJI, ynpyroe µp - nyttKTHp, Heynpyroe µp - JIHHHJI H3 TO'leK) 

u =B/(1-A ch p ), d=A sh p /(1 -A ch p ), 
C C C 

(27.1) 

shp shp 
A=chp --h c chp0 -b/a, B=-h c (ch p0 +b/a), 

c s Po s Po 
(27.2) 
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Pttc.4. HMnyJibCHrul 3aBHCHM0CTb 

KB3.!IpaTa nepe.uaHH0ro 4-HMny,1b-

ca Q~. C00TBeTCTBYfOIUero «3Ta

JI0HH0MY» yrny pacceJIHHJI B ynpy

rnx µp (nyttKTHp)- H pp (cnnoUJ

Hrui JIHHHll)-B3aHMO,lleHCTBHJIX 

a= d2 /(2m
2
), b=v /m. 

(27.3) 

3.necb lfCUOJib30BaHbl 060JHa

'1eHm1, npllHJ1Tb1e )l.11.si rny6o-

KOHeynpyrnx peaKUlfii: Q2 -

KBa,npaT nepe,naHHoro 4-

lfMnynhca 'laCTlfUbI c Maccoii [ I I f I I I • I I I I • I I I I 10 
0 

200 •oo _soo eoo 1000 m; v - nepe.naHHa.si 3Heprn.si; 

P (raB/c) , p " p - Ha'laJibHble 6bJCT-
o C 

poTbl '-1acrnub1 B na6oparnp

Hoii (r.ne UOKOHTCJI .npyra.si '-laCTHUa - MHilleHb) H B C-CHCTeMe, COOTBeTCTBeHHO; 

e - TeKyIUHH yron pacceJIHHJI B C-CHCTeMe. 

OTMeTHM, '-ITO )lJIJI oueHKH BpeMeHH )lJIHTeJibHOCTH B3aHMO,neiiCTBHJI no cpop

Myne (24) C npHMeHeHHeM (27) Tpe6yeTCJI, TaKHM o6pa30M, 3HaHHe (H3MepeHHe) 

o6bJ'-IHblX )lHHaMH'-leCKHX BeJIH'-llfH: UOJIHOH 3HeprnH s, KBa,npaTa nepe.naHHOro 4-
HMUYJibCa Q

2 
H 6bepKeHCKOro X = Q2 /2mb V (mb - Macca MHilleHH). 

Bee Bbl'-IHCJieHlfJI npoBO)lHJIHCb )lJIJI HaJleTaJOJUeii '-laCTHUbl B ynpyrnx pp- H 

µp- H Heynpyrnx µp-CT0JIKHOBeHHJIX B C-CHCTeMe npH 3Heprn.six B na6. CHCTeMe OT 

5 .no 1000 raB. HopMHpOBO'-IHbIH Ko::icpcpttutteHT JC B .naHHbIX oueHO'-IHbIX pac'-!eTax 

6blJI npHHJIT paBHblM 1, '-ITO, B OCHOBHOM, Morno BJIHJITb Ha pe3yJibTaT JIHillb npH 

HH3KHX 3Hepm.six H npH MaJlblX nepe.na'-lax (MaJiblX yrnax pacceJIHHJI). 

,[{Im HJIJIJOCTpauHH B03MO)KHOCTeii paccMaTpHBaeMOro no.nxo.na Ha pttc.3--4 

npHBe.neHbl pe3yJibTaTbl paC'-leT0B, xapaKTepH3YJOIUHe '-IHCJieHHble 3Ha'-leHHJI HeKo

TOpbIX q>H3H'-leCKHX BeJIH'-IHH, Bbl'-IHCJieHHe KOTOpblX CTaJIO B03MO)KHbIM Ha OCHOBe 

npe)lJIO)KeHttoro cnoco6a q>HKcttposaHHJI Macmrn6a co6CTsettttoro speMeHH (CM. 

(12) H (19)). Pe3yJibTaTbl npttee.neHbl B 3aBHCHMOCTH OT na6oparnpHoro HMilYJibCa 

HaJleTaJOJUeii '-laCTlfUbl. 

ITopJl)lOK BeJIH'-IHH H 3HepreTH'-leCKa.sl 3aBHCHMOCTb pe3yJibTaTOB ua pttc.3--4 
. 2 

Ka'-leCTBeHHO cornacyJOTCJI C O)Klf)laeMbIMH. HeCKOJlbKO «Kpyra.si» 3aBHCHMOCTb Qo 
B o6naCTH MaJiblX 3Heprnii, IlO-BH)llfMOMY, CBJ13aHa C TeM, '-ITO K03q>q>HUHeHT JC 

IlOJIO)KeH paBHblM e.nHHHUe. Cne.nyeT 0)KH)laTb, '-IT0 npH MaJlbIX 3HeprH.s!X H MaJlbIX 

nepe.na'-laX JC~ 1, H cne.nosaTeJibHO (CM.(20)), BeJilf'IHHa yrna tt c HHM BeJIH'-IHHa 

!fa )lOJI)KHbl JMeHbillHTbCJI. 
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Pttc.5. AaHTeJlbHOCTb BpeMeHH B3aHMO)leHCTBIUI HaJieTalOIUeH tJaCTHUbl B c-CHCTeMe B 3aBHCH

MOCTH OT yrna paccellHHll (B c-CHCTeMe) )lJlll ynpyrHX pp (a)-, µp (6)- " HeynpyrHX µp 
(B-e)-peaKUHH. Pe3yJILTaTbI npHBe)leHbl )lJlll HMnyJILC0B HaJieTalOIUeH tJaCTHUbl B na6. CHCTe

Me 5, 10, 50, 100, 300, 500 tt 1000 faB/c 

Ha pttc.5 np11Be,!leHbl peJyJibTaTbl oueHKII ,!lJIIITeJibHOCTII BJaHMO,!leHCTBIIll B 

C-CIICTeMe B JaBIICIIMOCTII OT yrna paccesmm, (B C-CIICTeMe) ,!lJI.SI ynpyrnx pp 
(p11c.5a)-, µp (puc.56)- 11 Heynpymx µp (p11c.50-e)-peaKu11i1. PeJyJihTaTLI np11ne

,!leHbI ,!lJI.SI IIMnyJibCOB HaneTaIOIUeii qaCTIIUbl B na6. CIICTeMe 5, 10, 50, I 00, 300, 

500 11 1000 f:3B/c. 

JlaHHble p11c.5 noKaJLIBaIOT, 'ITO ,!lJI.SI q:>IIKCIIpOBaHHOI'O yrna pacce.SIHII.SI 

,!lJIIITeJibHOCTb BJalIMO,!leHCTBII.SI HaJieTaIOmeii tJaCTIIUbl yneJIIIlJIIBaeTC.SI C pOCTOM ee 

::mepm11. 
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5. OTHOCHTEJlhHAfl CKOPOCTh 

11 TTPEOEPA3OB.AH11E JIOPEHUA 

ApryMeHTOM B nOJibJY IIJJIO)KeHHbIX Bblllle pacc~eHIIH MO)KeT fiLITb nony

lJeH11e HeKoToporo IIJBeCTHOfO COOTHOllleHII.SI B paMKax HOBOro nO,!lXO,!la. 8 HaCTO

.SIIUeM paJ,!lene, 11cnoJibJY.S1 cpyHKUIIIO Jlo6atJeBCKOfO, nOJIYtJIIM cpopMyny ,!lJI.SI 

OTHOCIITCJibHOH CKOpOCTII 06bilJflblM cnoco6oM, KaK npe,!leJI COOTBeTCTBy10mero 

OTHOUICHII.SI. 

TTyCTb OTHOCHTeJibHO HenO,!lBII)KHOH CIICTCMbl ,!lBH)KYTC.SI B,!lOJib OCH X ,!lBe 

tJaCTIIUbl c nOCTO.SIHHblMII CKOpOCT.SIMII Vo II V. Jln.11 onpe,!leJieHHOCTII 6y.!leM 

ClJHTaTb, lJTO CKOpOCTb BTOpOH 60Jibllle CKOpOCTII nepBOH (v> Vo) II lJTO C nepBOH 

lJaCTHUeH CB.SIJaHa CIICTCMa OTClJeTa. KaK o6bllJHO, HalJaJIO OTClJeTa · BpeMeHH BbI6e

peM n MOMeHT, KOr,!la o6e CIICTeMbl KOOp,!lHHaT COBna,!laIOT. CnpaUIHBaeTC.SI, KaKOBa 

CKOpOCTb v' BTOpOH lJaCTIIUbl 0THOCIITCJibHO nepnoii? 

KaK IIJBeCTHO [5), npaBIIJlbHbIH OTBeT Ha 3TOT Bonpoc 6bIJI nonyqeH B peJyJib

TaTe .!lllq:>cpepeHu11poBaH11.11 npeo6paJoBaHHH JlopeHua,. a caM11 npeo6paJ0BaH11.S1 

JlopeHila 6bm11 BbIBe,!leHbl 113 IIHBap11aHTHOCTII IIHTepnana: 

(cdt}2- dx2 = (cdt '>2- dx '2 
(28) 

me llITPIIXaMII OTMetJeHbl BeJIHlJIIHbl, OTHOC.SIIUIIeC51 K ,!lBII)KYIUeHC51 CIICTeMe. 

OKaJbIBaCTC.SI, lJTO peJI.SITIIBIICTCKOe Bbipa)KeHHe ,!lJI.SI OTHOCHTeJibHOH CKOpOCTII 

MO)KHO nOJIYtJIITb .!lPYrHM cnoco60M Ha OCHOBe cpyHKUIIII Jlo6atJeBCKoro, He 

YtJIITb!Ba.SI IIHBapHaHTHOCTII IIHTepnana (28) II He npHBJICKa.SI npeo6pa30BaHHH Jlo

peHua. 

TTpe)K,!le lJCM np11cryn11Tb K 3TOMY BblBO.!lY, HanoMHIIM IIJBCCTHYIO aHanornIO 

peJI.SITIIBIICTCKOI'O CJIO)KeHH51 CKOpocTeH B eBKJIII,!lOBOM npOCTpaHCTBe II 6bICTPOT B 

npocTpaHCTBe Jlo6atJeBcKoro: 

Pv =v0 /c=thpv; Pv=vf.c=thpv; Pr1=v'/c=thPr1· (29) 
0 0 

B npocTpaHCTBe CKOpOCTeH p _, = p - p ' Toma: 
v v v

0 

th p - th P v v- v
0 dx , V 0 

- . 2 • 
v'/c= dt'=lh prl- I -thp thpv c(l-vv

0
/c) 

C V o 
(30) 

PaccMaTplIBa.SI ypaBHeHII.SI (28) 11 (30) KaK CIICTCMY .!lBYX ypaBHCHIIH OTHOCHTeJibHO 

.!lBYX HeHJBeCTHblX dx II dt ', HeTpy.!lHO HaHTII ee peUieH11e: 

dx - v0dt dt - v
0
dx / c2 

dx' = --====-==== dt '= -;=====-;., 
✓ 1 -(v0 /c)2 ✓ 1 -(v

0
/c)2 • 

(31) 
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TaJC KaK BCe CKOpOCTH noCTO.SIHHble H HalJaIJO OTClJeTa BpeMeHH t = t, = 0 Bb16paHO 

B MOMeHT, KOfJla o6e cHcTeMbl coBna,uairn, TO BMecTo pa3HOCTeii dx, dt, dx', dt' 
6y,ueM HMeTb X, t, x', t ', H nonyqeHHOe .pewe1me 6y,ueT HMeTb HJBeCTHYIO cpopMy 

npeo6paJOBa1rnii JlopeHua. 

KaK BH,UHO HJ npHBe,UeHHOro, npeo6paJOBaHHe JlopeHua MO,KHO nonyqHTb 

COBMeCTHblM peweHHeM CHCTeMbl .llBYX ypaBHemtii: ypaBHeHH.SI ,llJI.SI HHBapHaHT

HOCTH HHTepBana H ypaBHeHH.SI ,!ln.SI OTHOCHTeJibHOH CKOpOCTH. B. ,llaHHOM cnyqae 

ypaBHeHHe (30) ,!ln.SI OTHOCHTeJibHOH CKOpOCTH, no cywecTBy, nonyqeHO Ha OCHOBe 

CBOHCTBa a,u,llHTHBHOCTH 6bJCTp0Tbl npHMeHHTenbHO K npocTpaHCTBY Jlo6atJeBCKO

ro. Ho H nonyqeHHble B TeOpHH _OTHOCHTeJibHOCTH Heo6bllJHble H HeO)KH,llaHHble 

,um1 KJJaCCH'leCKOH MeXaHHHKH CJie,UCTBH.SI, BblTeKalOIUHe HJ npeo6paJOBaHH.SI Jlo

peHua, ocTalOTC.SI ,!ln.SI nee ,UO CHX nop He .SICHblMH H He pacKpblTblMH, BKJJIO'la.SI 

cpopMyny cno,KeHH.SI CKopocreii, ,ua H caMo npeo6pa3oBaHHe JlopeHua. 

To o6CTO.SITeJibCTBO, lJTO npaBa.H tJaCTb (30) co,uep,KHT «HelllTpHXOBaHHble» 

BeJIHlJHHbl, BKJJIOlJa.SI CKOpOCTb CBeTa, KOTOpa.S! He JaBHCHT OT Bb16opa CHCTeMbl 

OTClJeTa, MO)KeT CJl~HTb yKaJaHHeM Ha TO, lJTO v' MO,KHO onpe,ueJIHTb B He

nO,UBH,KHOH CHCTeMe B o6bJlJHOM, eBKJJH,llOBOM npocTpaucrne. 

Jl:a.uHM OTBeT Ha nocTaBJieHHblH Bblllle Bonpoc, cne,uy.H Ja paccy)l(,lleHH.slMH 

KJJaccm1ecKOH MexaHHKH [9] H npHBJieKa.H CB.S!Jb CKOpOCTH lfaCTHUbl C ymoM 

napanneJibHOCTH - c cpynKUHeH Jlo6atJeBCKoro: 

v0 /c=cos0LV' v/c=cos0L' v'/c=cos0'c (32) 

Y)Ke HJ onpe,ueneHH.H cKopocTH ~ = v / c = dx / ( cdt) BH.llHO, lfTO ,uBa oTpeJKa dx H 

cdt MO)KHO npe,ucTaBHTb pacnOJIO)KeHHbIMH ,upyr OTHOCHTenbHO ,upyra no,u TaJCHM 

ymoM eL. KOCHHYC KOTOporo paBH.sieTC.sl OTHOllleHHIO ,llJIHH 3THX OTpeJKOB: 

~=COS 0L' T.e. yron 0L - yron napanneJibHOCTH. Cne,UOBaTenbHO, ,!ln.sl JII060H CKO

pOCTH Bcer,ua cymecTByeT yron eL (OTHOCHTeJibHO HanpaBJieHH.SI ,llBH)KeHH.SI), no,u 

KOTOpbIM MO)KHO HanpaBHTb CBeTOBOit nyq cdt HJIH ct. 
PaccMOTPHM nono,KeHH.H lfaCTHU Ha ocH x B MOMeHTbl BpeMeHH t H t + !J.t B 

HenO,UBH,KHOH CHCTeMe (CM. pHc.6). OlfeBH,llHO, 3THM MOMeHTaM BpeMeHH COOTBeT

CTBYIOT TOlfKH Ha OCH X co 3HalJeHH.SIMH vot H vo<t + !J.t) ,UJI.SI nepBOH lJaCTHUbl, C 

KOTOpOH CB.S!JaHa ,llBH)KYllla.SIC.sl CHCTeMa, . H TOlJKH Vt H V (t + !J.t) ,lln.SI BTOpOH 

tJaCTHUbl. Ho TaK KaK Mb) HllleM npOHJBO.llHYIO no OTHOllleHHIO K ,llBH)KYIUeHC.SI 

CHCTeMe, TO npH 3TOM HJ HJMeHeHHOro nOJIO)KeHH.SI BTOpOH lJaCTHUbl v(t + !J.t) cne

,uyeT BbllfeCTb He nepBOHalfanbHOe ee flOJIO)KeHHe Vt, a HeKOTopoe XB, KOTopoe 

pacnoJIO)KeHO OTHOCHTenbHO HJMeHeHHOro flOJIO)KeHH.sl ,UBH)KY1Ueitc.s1 CHCTeMbl 

vo<t + !J.t) TaK )Ke, KaK _v t pacnOJIO)KeHO OTHOCHTeJibHO nepBOHalfanbHOro nono-

)KeHH.SI Vof ,llBH)KYIUeHC.sl CHCTeMbl [9] (CM. pHc.6): 

x8 = vo<t+ !J.t) + (vt - Vof) = v0!J.t + vt, 

!J.xb = v(t + !J.t) -x8 = !J.t(v- v0) = c!J.t(cos eL - cos eLV). 
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(33) 

(33.1) 

c (t +llt) ------- ................ ... 

ct 

--------- c {t +llt) 
,lf"' ............ 

, I "'"' ,,' : ........... 
, I "'., 

, I '"',,, 

', 
C At.'-;\ c (t +/1t) 

__ -1--S:. ........ _ ·1 

0 
v.t vt 

V. (t+llt) 

~B = V0 (t + l\t) + '(v t - V0 t) 

! : 
i AX.: 
! : 
j : __,. Ct, 
! : 
! 

x, 
v (t+llt) 

6X8 = V (t + l\t) - X0 = C 6t ( COS 0L - COS 0tv) 

C 6te = C 6t (X8 - V t) cos 0L = 

X 

= c 6t ( 1 - cos 0L_cos 0tv) 

V8 / C -:-- !).X9 / C !).t9 = COS 0LB 

Puc.6. ~arpaMMa llOJI0)KeHH.SI JlByx 'IaCTHU, JlBH)K)'lllHXCJI co CK0poCTllMH Vo u V, 

H C00TBeTCTBYJOIUHX HX CK0p0CTJIM CBeTOBblX nyq:eii B M0MeHTbl BpeMeHH t H 

t +!MB He?0JlBH)KHOH CHCTeMe K00pJlHHaT. C tJaCTHUeii, HMelOIUeii CK0p0CTb Vo, 

CBJl3aHa )lBH)K)'lllaJICJI CHCTeMa 0TC'leTa 

J.h (33) BH,UHO, lJTO XB nonyqaeTCH HJ TOlfKH -a flYTeM BJielfeHHH ee ,llBH)KyweitcH 

CHCTeMOH TaJC, KaK ecJIH 6bI OHa 6bma CB513aHa C ,llBH)KYIUeHCH CHCTeMOH HeHJMeH

HO [9]. (l1To6b) no,uqepKHYTb, lJTO npHBe,UeHHble Bblllle ,UBa flOJIO)KeHH.SI BJ51Tbl HJ 

yqe6HHKa [9], TOlJKa OTClfeTa CMemeHHH XB, BeJIHlJHHa CMemeHH.SI !J.xB H ,up. OTMe-

lfeHbl HH,lleKcOM 'B' - EyxronbU). 

B KJJaCCHlfeCKOH MexaHHKe (CM., HanpHMep, [9]) v' onpe,uen.HeTCH qepe3 OTHO

llleHHe CMemeHH.SI !J.xB KO BCeMy BpeMeHH /J.t, lfTO, ecTeCTBeHHO, He C0Bna,uaeT C 

peJIHTHBHCTCKOH cpopMynou (30), flOTOMY lfTO !J.xB C0CTaBJIHeT JIHlllb tJaCTb Beem 
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cMemeHm1 · vllt = x8 - v t + & 8 . Cne.nosaTenbHO, Tpe6yeTcH nonpasKa Ha speMH 

CMemeHHH. 

TaK KaK Ha'lanO KOOp.LIHHaT CMeCTHnH B TO'IKY X B' TO Ha'lano OTC'leTa spe- . 

MeHH B 3TOH TO'IKe - MOMeHT ncnycKaHHH H3 nee CBeTOBOro cnrnana, no-BH.LIHMO

MY, cne.nyeT Bb16paTb c yqernM npnnunna f10iirenca [IO], T.e. rnr.na, Kor.na cpponT 

CBeTOBOro nyqa, COOTBeTCTBYJOlllero CKOpocrn 'laCTHUbl V (Hcnymennoro no.n yr

noM el H3 naqana neno.nsm1rnoii CHCTeMbI), CMeCTHTCH B.[IOnb OCH X Ha sentt'IHHY 

x8 - v t 3a HeKoTopoe speMH lltf BHyTpH paccMaTpnsaeMoro npnpameHHH i'lt 

(i'ltf< llt) . O'!eBH,LIHO, 3TO speMH COCTaBHT senH'IHHY (CM. pnc.6): 

ci'ly= (x8- Vt) cos el. (34) 

Tor.na OCTaBweecH speMH llJ B = llJ - lltf MO)KHO C'IHTaTb speMeHeM, 3aTpa'leHHblM 

qacTnueii na cMemenne & 8: 

c!lt8 = cllt- ci'ly= ci'lt(l -: cos el cos elV). (34.1) 

OKOH'laTenbHO ,LlnH v' HMeeM 

, . & 8 cos el - cos elV V-'- v0 v / c = hm --=-------=----
M ➔ O c/lJB 1-cos el cos elV c(l - VV. /c2), 

B 0 

(35) 

'ITO s TO'IHOCTH cosna.naeT c (30). 
EcnH Ha'lano KOOp.LIHHaT nenO,LIBH)KHOH CHCTeMbl BbI6paTb s TO'IKe, s KOTOpoii 

'laCTHUa, .LIBH)KYJllaHCH c 66nbweii CKOpOCTblO V, «.nornana» 'laCTHUY, .LIBH)KYJllYIOCH 

c MeHbWeii CKOpOCTblO Vo, TO KOOp.LIHHaTa x 8 = vollt 6y.neT scer.na cosna.naTb c 

. Ha'lanOM .LIBH)KyJlleiic~ CHCTeMbl - CHCTeM~I IlOKOH nepsoii 'laCTHUbl. Bbip8)KeHHe 

(35) s 3TOM cnyqae OTBe'laeT na nocrnsneHHbIH BbIWe sonpoc. 

1-13 npnse.neHHbIX pacc~.nennii H nonyqennoro pe3ynbTaTa BH.LIHO, 'ITO nenoc

ne.nosaTenbHOCTb KnaCCH'leCKOH MexaHHKH B onpe.neneHHH OTHOCHTenbHOH CKO

pOCTH 3aKnJO'laeTCH nHWb B ne.noouenKe speMeHH CMemeHHH, 'ITO nerK0 ycTpaHH

eTCH npnsne'leHHeM cpyHKUHH Jlo6a'leBCKOro H npHHUHna f10iirenca. KaK 6bmo 

Il0Ka3aHO BbIWe, HMeH npasHnbHYIO clJopMyny cno)KeHHH CKOpOCTeii, npeo6pa30-

sanne JlopeHua M0)1(!10 nonyqHTb H3 peweHHH CHCTeMbl .nsyx ypaBHeHHH B paMKax 

KnaCCH'leCKOH clJtt3HKH. ITpe.ncTasnHeTCH Il03TOMY, 'IT0 Teop1rn napannenbHblX Jlo-

6a'leBCKOro HBnHeTCH COCTaBHOH 'laCTblO pen.HTHBHCTCKOH MexaHHKH, 0CH0Bbl K0-

T0poii nttwb na'lanH clJopMnposaTbC.8 no'ITH cToneTHe cnycTH nocne nepsoro coo6-

meHHH 06 0TKpbITHH HOBOH reoMeTpHH. 
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6. 3AKJIIOlJEHHE 

CcpopMynnpyeM 0CHOBHbie pe3ynbTaTbl H BblBO.Llbl. 

I. IToKa3aHo, 'ITO CBH3b Teopnn OTH0CHTenbH0CTH 3HHWTeiina C Teopneii 

napannenbHbIX Jlo6a'leBCKOro o6ycnosnena npHCyTCTBHeM cpyHKUHH Jlo6a'leBCKO

ro B onpe.neneHHH HHBapnaHTHO<;TH HHTepsana . 

2. Ha 0CHOBe reoMeTptt'leCKHX o6pa30B HHTepsana B eBKnH.LI0B0M npoCTpaHCT

se H npocTpaHCTBe CK0pocTeii Jlo6a'leBCKOro Haii.neHO o6mee Bblp8)KeHHe ,LlnH 

HHerpana B.LI0nb MHposoii nHHHH, xapaKTepn3y10mero ,LlnHTenbHOCTb B3aHMO

.neiicTBHH CTanKHBalOlllHXCH 'laCTHU H co.nep)Kamero 0.LIHH HeH3BeCTHblH napaMeTp 

- cpe.LIHIOIO CKOpOCTb 'laCTHUbl B npouecce B3aHMO,LleHCTBHH. 

Ha 0CHOBe npHMeHeHHH mnOTe3bl Macwrn6Hoii HHBapttaHTHOCTH (aBTOMO

.nenbHOCTH), Il03B0nHJOJlleii onpe.nenttTb cpe,LIHIOIO CKOp0CTb, Bbl'IHcneHbl oueHKH 

,LlnHTenbH0CTH speMeHH B3aHM0.LleHCTBHH Hanern10meii 'laCTHUbl B ynpymx pp-, 

µp- n Heynpymx µp-peilKUHHX npH 3HeprnHx 5, 10, 50, 100, 300, 500, 1000 f::iB. 

Pe3ynbTaTbl Bbl'IHcneHHH o6napy)KHBaJOT pOCT ,LlnHTenbH0,CTH. speMeHH B3aHM0-

.neiiCTBHH C ysenH'leHHeM 3HeprnH. 

3. Ha OCHOBe cliYHKUHH JI06a'1eBCKoro nonyqena o6bI'IHbIM cnoco6oM, KaK 

npe.nen CO0TBeTCTBYJOJllero 0THOWeHHH, penHTHBHCTCKaH clJopMyna ,LlnH 

OTHOCHTenbHOH CKOpOCTH. IToKa3aHO, 'ITO npe6pa30BaHHe Jlopenua eCTb peweHHe 

CHCTeMbl .LIBYX ypasHeHnii: ypaBHeHHH .nnH HHBapHaHTHOCTH HHTepsana " ,LlnH ypas

HeHH.8 0TH0CHTenbHOH CKOpOCTH. 

4. HOBbIH no.nxo.n K BblBO.LIY H3BeCTHbIX clJyn.naMeHTanbHbIX COOTH0WeHHH 

o6Hap~HBaJOT H0BbIH cnoco6 ananttTH'leCK0ro OT06p8)KeHHH CBOHCTB npocTpan

CTBa-speMeHH C IlOMOJllblO cliYHKUHH Jlo6a'leBCKOro. On yKa3bIBaeT Ha anbTep

HaTHBH0e onncanne npocTpancTsa-speMeHH 6e3 a6conJOTHoii HanpasneHH0CTH 

ocn speMenn (oprnronanbnoii K npocTpancTsennoii): 38.LlaHHOH TO'IKe (dx, dt), 

HnH, 'ITO TO )Ke, 38.[laHHOH CKOp0CTH lJaCTHUbl P = dx /'( cdt), scer.na cymecTByeT 

CBeTOBOH Konye, 0Cb K0Toporo opneHTHposaHa no HanpasneHHIO .LIBH)KeHHH 

'laCTHUbl dx, a CBeT0BOH nyq cdt no.n yrnoM napannenbH0CTH Jlo6a'leBCKOro: 

cos el= p. 
5. ITpe.nno)KeHHbie H,LleH 0TKpbIBaJOT HOBbie B03MO)KH0CTH B IlOHCKax peweHHH 

npo6neMbl penHTHBHCTCKOro onncaHHH CHCTeMbl .LIBYX H 6onee B3aHMO.LleiicTBy

lOJllHX 'laCTHU. 

Asrnp Bblp8)KaeT 6naro.napHOCTb A.M.Ean.nnHy n H.A.lJepnnKosy 3a none3-

Hb1e o6c~eHHH. 
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