
,4 

89-~ 

B.H.CTpemnos 

•' . 

· COO ti Ille H M.R 
OfibBAMHBHHOro 

.MHCTMTYT8 
. RABPHblX 

MCCl8ADB.8HMM 

AYdHa 

P2-89-5 

· OCHOBHAfl IIPOUE.IIYPA· lf3MEPEHIDI 
PEIDITHBHCTCKOit ,U.Jilllihl 
lf EE MOlllf<l>HKAIJ}lli 

' '-

·' 

/. 

1989 

I 



CTpeJibQOB B .H; 
0CHOBHaR npoQe~ypa H3-
MepeHMR... . 
P2-s9.:..5_ 

;~* ~A'~r~9t' 

·, 

HbIH IDICTHTYT RAepHLIX ~cc:ne,qoBaHHH .[{y6Ha, 1989 . 
.-

l 
,I 

' J 
{ ' ,, 

l l 

J 
I 
I 
,I ,, 

j 
1! 
;( 

:1 
i 

.f 
I, 

,d 

l 
,: I 

; 

\! 
-:i 

I.I 
···11'1 

I 

I 

r ;· 
;·.,' 
I' 
'' \}; 
\ f ,, 
. il 

I 

1. Jlorow;HOHHbIU MeTO.D; H3MepeHHH; paCCTOHHHU D0CJI)i~ 0CHOBOU 

,u;m nee.nemm KoHu;emum penHTHBHCTCK0H ,n.IIHHbI (KP,[() . B paMKax 

KP,[( B C0OTBeTCTBHH C npou:e.nypoii H3MepeHHH .D;.lIHHbI DOKOHI.l.l;erocH CTepm

HH ,n.IIHHOH 6bICTpo,nem1cyiu:erocH CTep)KHH (peJIHTHBHCTCKOH ,n.IIHHOH) Ha3bI

eaeTCH nonycyMMa paccTOHHHH, npoii,neHHbIX ceeTOBbI~ CHrHaJIOM OT o.n

Horo KoHu;a cTep)KHH (A) .no ,npyroro (B) H o6paTHo. O6e YKa3aHHbie npo

u;e,nypbI HJIJIIOCTpHpyeT pHC. 1. B 8°-CHCTeMe CTep)KeHb DOKOHTCH, t ~ - epe

MH DOCbIJIKH CBeTOB0ro CHrHana, t2 - epeMH ero B03Bpru.u;eHHH nocne OT

pameHHH B TOqKe B ( CKameM, OT YCTaHOBJieHHOro TaM 3epKana) • Ilo3TOMY 

co6cTeeHHaH ,n.IIHHa CTep)KHH 

fO = C(t~ - t1)/2 = Cat 0 /2. (1) 

. B COOTBeTCTBHH C 3THM B $ -CHCTeMe, r.ne CTepmeHb ,D;BH)KeTCH, peJIHTHBHCT

CKaH ,n.IIHHa onpe,neJIHeTCH BeJIHqHHoii 

fr= c(t2 -ti)/2 = cat/2. (2) 

IlpHMep, paCCMOTpeHHbIH HHme, D03BOJIHeT npoCTbIM cnoco6oM yCTa

H0BHTb, KaK CBH3aHbI Me)K,D;y co6oii fr H f 0 • Ilycn, f 0 ,.. 3,9 M, a B MOMeHT, 

epeMeHH t 1 e TOqKe 

A (y neeoro K0HU:a 

CTep)KHH) po,nHJICH 

( DOKOHI.l.l;HUCH) ,r+ -Me-

30H. qepe3 at 0 =2f°!c= 
= 2,6 • 10-s c, T.e. e 

MOMeHT epeMeHH t; OH 

pacnancH. Ilo Ha6mo

.D;eHHHM H3 8-CHCTeMbI, 

ero epeMH )K}{3HH co

CTaeHT at = At Cly, r.ne 
2--K Y=0-{3-, , a 

V= {3c - ero CKOpoCTb, 

coena.naroiu:aH, oqe

BH.n;Ho, CO CKOp0CTLiO 

,D;BHmeHHH CTep)KffH. 

Puc. 1. CxeMa U3Mepenwr 

0/IUHbl CTep.11CHR IIOKaqu

OHHblM MeTOOOM. 
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Ha OCHOBllHHH (1)' (2) H <popMynhI penRTHBHCTCKoro 3aMeAJieHHR BpeMe
HH cpa3y nonyqaeM 

fr =fOy ("cpopMyna YAJIHHeHHR") (3) 

IIycTb rnne,Rh /3 = 0,5, •Y = 1,15. Tor.a;a B S -cncrnMe nHoH npo:>KHBeT At= 
= 3,0 • 10 -s c, a AJIR: penR:THBHCTCKOH AJIHHbl nerKo HaH,D;eM fr = 4,5 M. 
KpoMe Toro, 6y,a;eM HMeTL, tJTo £AB= (1 + .B>f O y = 6,7 M, f BA = f l 
= ( l-{3)f0 .y =2,2 M, OTKy.a;a, C ,a;pyroii CTOpOHhI, fr = (f AB+ f BA) / 2 = 4,5 M. 
BMeCTe c TeM; AJIR pacCTOR:HHR, npoii.a;eHHoro IlHOHOM, HaH,D;eM e"= X 2 -
- x 1 = fJcAt HnH f" = f AB- f BA = 2/3f r = 4,5 M (B AllHHOM npHMepe 

1 
· 

f" H fr cnyqaifHo COBnanH, noCKOnhey 2/3 = 1) • 
l '. .[{n.11 H3MepeHHR: fr MO)KHO TalOKe aocnonh30BaTbCR: <pH3H'leCKHM 

CHrHanOM, KOTOpbIH pacnpoCTpaHR:eTCR co CKOpOCTblO u < C • KoHetJHo, npH 
3TOM ,D;On)KHO BhIUOnHJITbCR: ycnoBHe U > V. Ilpaa.a;a, 3,D;ech (B OTnH'lHe OT 
KnaCCH'leCKOro nOK!mHOHHoro OilhITa) Heo6xo,D;HMO TalOKe npoaeCTH .a;onon
HHTenhHOe H3MepeHHe CKOpoCTH ABmKeHHR CTep)KH.11. B 3TOM cnyqae BMeCTO 
<popMynhI (3) 6y,a;eM HMeTb 

fr u2 -v
2 

y 2Atu. 
2u (4) 

2. e, r - "aCHHXpOHHM AJIHHa". B npocTpllHCTBe MHHKOBCKOro penRTH
BHCTCKaR: ,a;nHHa onpe,a;enR:eTCR npocTpllHCTBeHHOH 'laCTblO 4-BeKTopa fir 121, 

R:Bn.11romeroc.11, B CBOIO oqepe,D;b, nonypa3HOCTblO ABYX 4-BeKTopoa, OilHCbl
Baromnx npouecCbl pacnpoCTpaHeHHR CBeTa a npRMOM (AB) H o6paTHOM 
(BA) HanpaaneHHRX a.a;onh CTep)KHR. TaKHM o6pa3oM, a S 0 - H S-cncTe
Max HMeeM COOTBeTCTBeHHO 

f Ho) (0, f 0 , 0,0), 
r £: ({Jf 0 y/ C , f 0 y, 0, 0) • (5a,6) 

<l>opMyna (5a) <paKTH'leCKH npHBO,ll;HT Hae K nepaoii xapaKTepHoii MOAH<pH
K~H OCHOBHOH H3MepHTenhHOH npoue.a;ypbl. 

Ha OCHOBaHHH (5a) OtJeBHAHO, IJTO aenHtJHHY fr MO)KHO TalOKe nony-
1IlITb, ecnH AJIR ee H3MepeHHR: aocnonh30BaTbCR HCTO'lHHKaMH, pacnonO)KeH
HbIMH, CK~eM, Ha KOHUax CTep,roi.11, H KOTOpbie CHHXpOHHO (a CHCTeMe 
IlOKOR crep)KH.11) H3nyqaroT. KoHetJHo, 3,D;eCb <paKTH'leCKH s -Ha6nro.a;aTenh 
nomKeH anpHOpH 3HaTh, IJTO OTMetJeHHhie co6hITHR (a AllHHOM cnyqae npo
uecCbl H3nyqemm) Ha CaMOM nene npoHCXOAR:T OAHOBpeMeHHO. B pR:,D;e cny- ', 
'laea TaKoe nonO)KeHHC ,a;eiiCTBHTenhHO HMeeT MeCTO. HanpHMep, B paMI<:ax r] 
CTpyHHoii MO,D;enH a.a;poHOB KBapKH Ha KOHUax CTPYHbI* 6YAYT AOCTHraTb \ 
CBOHX KpaHHHX nono:IKeHHH (CM. pnc. 2) KaK pa3 O,D;HOBpeMeHHO a S0 131, ' 

* 3rozo npocreuzuezo npoTRJ1Ce11nozo peJrRTUeucrcKozo 06;,eKra. 
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Puc. 2. Ilpocreuzuue CTfJYHHble Mooe;ru Me3oHoe u 6apuonoe. 

H S-Ha6nro,a;aTenro 3TO 6y.a;eT H3BeCTHO, IlOCKOnhKY 
a caoeii CHCTeMe oH HMeeT cooTBeTcrayromne (Tom
.a;ecraeHHhie) n0Ko.11mnec.11 a.a;pom,i. <l>aKTHtJeCKH no
xoma.11 CHTYauHR HMeeT MeCTO B 3KCnepHMeHTax no 
H3MepeHHIO npocrpaHCTBeHHbIX pa3Mepoa o6naCTH 

~ 
~ 

reHepaUHH TO)K,ll;eCTBeHHbIX "-Me30HOB MeTOAOM IlHOHHOH HHTep<pepoMeT
pHH. B peaKUHRX CTOnKHOBeHHR O,D;HHaKOBbIX qaCTHU (HnH B cnyqae ,a;pyroii 
H3Ha'lMbHOH CHMMeTpHH) HCDYCKllHHe IlHOHOB, CKameM, npurpaHHIJHhIMH 
HCTO'lHUKaMH .a;on)KHO npOHCXOAHTb OAHOBpeMeHHO (ao BCR:KOM cnyqae, B 
cpe,D;HeM) HMeHHO B CHCTeMe IlOKOR yKa31lHHOH o6nacTH 141 • 

3. BHAHMhie pa3Mepbl 6bICTpOABHmymnxc.11 o6'beKTOB. 3TOT aonpoc 3a
cny:>KHaaeT, MO)KeT 6bITb, cneuHMbHOro BHHMaHHR • .Ueno a TOM, IJTO HMeHHO 
npu ero H3ytJeHHH 15•61 , KaK KameTCR, anepBbie fihmo BhICKa3aHO COMHe
HHe a Ha6nro.a;aeMOCTH nopeHueaa coKpameHHR. C ,ri;pyroii cropoHhr, ecnH 
yqec-rh, tJTO a npe,ri;ene TotretJHhiii Ha6nro,ri;aTenh (HaxoAR:mniic.11 a6nH3H nym: 
)J;BH)KeHHR CTep)KH.11) 6y,ri;eT BH,D;eTb y,ri;nHHeHHhIH B ( 1 + fJ) y pa3 npH6nHma
romniic.11 crep)KeHh H coKpamettHhiii a {1-/J) y pa3 nponeTeawnii crepmeHh, 
TO, otJeaUAHo, cpe,D;Hee 3HatJeHHe 6y.a;eT KaK pa3 onpe,ri;enR:Th penRTHBHCT
cKyro AJIHHY 

1 
-[<I+fJ>£ 0 y+(I-fJ)e0.yl= eo:y= e . 
2 r (6) 

Boo6me :IKe cne.a;yeT 3aMeTHTh, 'lTO B ,D;aHHOH 3a,a;aqe HMeeTCR TO'lKa (HnH 
TOtJHee - DnOCKOCTh) CHMMeTpHH, Kor.a;a cepe,D;HHa CTep)KH.11 Haxo,D;HTCR Ha 
MHHHMMhHOM pacCTORHHH OT Ha6nro,ri;aTenR:. B 3TOM nonomeHHH BH,D;HMhIH 
npo.a;onhHhIH pa3Mep paaeH HMeHHO £ r. Ho, no HaweMy MHeHHJO,CaMoe cy
mecraeHHoe 3,a;ech 3aKn101JaeTc.11 a TOM, 'lTO Ka)K,ll;oMy nonomeHHJO cepe.rtHHhI 
crep)KHR cneaa OT Ha6mo,ri;aTen.11 cooTaeTcTayeT "cHMMeTpHtJHoe" nonomeHHe 
cnpaaa. Ilpn 3TOM cpe,D;HeeTaKHx npo,ri;onhHhIX pa3Mepoa 6y,ri;eT acer,ri;a paaHo 
fr. HanpHMep, ,ri;n.11 nopeHu-cmaToro pa3Mepa £ 0 y- 1 (a "npaaoM" nonome
HHH) 6y,ri;eM HMeTh COOTBeTCTByromee "neaoe" 3HatJeHHe. (1 + {32) f 0 .y • 
3.a;ecb, MO)KeT 6hITh, cneuuanhHOro BHHMllHHR: 3acny:>KHBaJOT HCCne,ri;oarum.11 
noae,ri;eHHR: BH,D;HMOH <popMhl 6hICTpO,D;BHmymeiicR ccpepbl 171, H3 KOTOphIX, 
B qaCTHOCTH, BhITeKaeT, IJTO 3HaMeHHThIH nopeHU•C)KaThIH )J;HCK nonpocTy 
HeHa6nro,ri;aeM. 

HanoMHHM, 'llTO "Ha6mo,ri;aTenh BH,D;HT" - 3TO 3Ha11HT' IJTO OH O)J;HOBpe
MeHHO <pHKCupyeT CHrHanhI, KOTOphie 6hmn HcnymeHhl a pa3nH'lHhie MO
MeHTbl apeMeHH, CKa)KeM, KOHUaMu CTep)KH.11 (HnH pa3nH'lHbIMH yqaCTKaMU 
c<pepbI). Ho noro,ri;uTe, ae,D;b "npouecc aH,D;eHn.11" HanoMHHaeT HaM 3neKTpoMar
HHTHoe B3aHMo.a;eiiCTBHe, OilHChIBaeMOe C DOMOmhlo 3ana3,D;bIBaJOmHx noTeHUH
anoa*. B o60HX cny'laR:X Mbl HMeeM O)J;HH "MoMeHT Ha6nro,ri;eHHR:"H pa3nH'lHhie 

* B 'laCTHOCTU, npoqei:c ucnycKaH/.IJl 3/leKT[JOMaWUTHblX 80/lH 3/U!MeHTQMU llCTO'IHUKa. 
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MOMeHThl HCnycmunrn (pa3HhIMH yttaCTKaMH Tena) peanbHhIX rum BHPTYaJih
HhlX q>OTOHOB. 

CaMoe me rnaaHoe 3aKJirottaeTCH a TOM - npouecc a11.n;eHHH (HJIH <poTo
rpaqmpoBaHHH) CBH3aH C B3aHMO,D;eHCTBHeM H3JiytteHHhlX caeTOBhIX CHrHa
JIOB (a KoHetJHoM ctteTe - cpoToHoa) c Ha6nro.n;aTeneM HJIH per11cTp11pymm11M 
np116opoM. l1HhIMH CJIOBaMH, OTMetteHHhie BH,ll;HMhie pa3Mephl ,ll;OJiiKHhl OT
pamaTh caM xapaicrep B3aHMO,D;eHCTBHH (B ,D;aHHOM cnyqae - 3JieKTpOMar
HHTHOro) • Boo6me MOiKHO CKa3aTh, 'ITO no COBpeMeHHhIM npe,D;CTaBJieHHHM 
B OCHOBe MeXaHH3Ma 3JieKTpoMarHHTHhIX, TaK me, KaK H CHJibHhIX B3aHMO
,n;eiiCTBHH, Jie)KHT cpaKTHtteCKH JIOKauHH (HJIH "BH,D;eHHe") C DOMOIUblO <pOTO
HOB HTJII0OHOB COOTBeTCTBeHHO. 

4. H3MepeHHe apeMeHH nponera Ctn) cTep)KHH TaKme no3aonHeT HaHTH 
ero ,D;JIHHY B ,D;BHmeHHH. flpaa,n;a, npH 3TOM, B OTJIH'lHe OT npe,n;hl,D;YIUHX cny
qaea, Heo6xo.n;HMO npoaecTH ,ll;ODOJIHHTeJibHOe H3MepeHHe CI<:op0CTH ,D;BHmeHHH 
CTep)KHH. CooTBeTCTByromaa cpo~Myna HMeeT BH,D; 

2 f = VY tn I r (7) 

npH y ➔ 1 0Ha ,n;eHCTBHTeJibHO nepexo.n;HT B H3BeCTHoe HepenHTHBHCTCKOe 
BhipameHne. C DOMOJUblO (7) MO)KHO Bhlpa3HTb CKOpOCTh (TotJHee v/c) qepe3 
BeJIH'lHHhl fr H tn: 

,-ctn 2 ctn 
{3 = ✓ 1 + ( --) - - • 

2er 2e, 
(7') 

.ABTop BhlpamaeT 6naro,n;apHocn K . .[(.ToncToBy 3a HHTepec K npo6-
neMe H none3Hhie o6cy)K.D;eHHH. 
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JioKaUHOHHhlH MeTO)J; H3MepeHH.R paCCTO.RHHH CJIY)KHT OCHOBOH 
KoHuem~HH peJIHTHBHCTCKOH )J;JIHHhl (KP.D:) ' CJie)J;CTBHeM KOTopoii 
.RBJI.ReTC.R "<t>opMyJia YAJIHHeHHH". -PaccMoTpeHhl B03MO)Kffhle MO)J;H
q>HKaUHH 3TOH ocaoaaoii H3MepHTeJihHOH npoueAYPhI: Ilepaa.a _ H3 HHX 
6a3HpyeTCH Ha cy,meCTBOBaHHH 061,eKTOB, nyJibCHpym.mHx HJIH CHH
XpOHHO H3JiyttammHx_:cHrHaJihI (a co6cTBeHHOH cttcTeMe oTC1:ieTa o6'b
eKTa) • BTOpa.R onHpaeTC.R mi HCilOJib30BaHlfe Blf)J;HMhIX pa3Mepoa 
6hICTpOJJ;Blf)K}'.1UlfXC.R ' Ten: HaKoaeu; noCJieJJ;HlfH- cnoco6 CBH3aH C 
H3MepeaHeM apeMeHH nponeTa -o6'b-eKTa ( CTepiKHfl), If ero CKopocm. 
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Pa6oTa BhIITOJIHeHa · a Jia6opaTopHH BhICOKHX' 3HeprHH OH.RH. 
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Strei 'tsov V .N. P2-89-5 
Basic Procedure of Measuring the Relativisti~.Length 
and It.s Modifications - - . 

The radar -method for distance· measureme~t se~es a -base 
1

for the 
relativistic length concept (CRL), which cons~quence isthe "elongation 
formula" •. Possible modifications of this basic measuring procedure 

· are considered. The first one is based on the existence of objects puls
ing or synchronously radiating the -signals (in the proper object reference 
system). The second modification is based on using the visual sizes 
of fast-moving bodies. Finally, the latter way is connected with measur
ing the time-of-flight of an object (rod) and its velocity. 

: The investigation -has been -performed at. the Laboratory ~f High 
Energies, JINR. · · 
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