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B samerxe [1] Ix.K.Bemna “Kax mpenomaBarh CrennaibHy: TEOPHIO OTHOCHTEIIB-
HOCTH~ PAacCMOTPEHA CJEHYIOIas 3a/ada:

“Tpu masenvrur xocmuueckuxr paxemwvr, A, B, u C, dpeiidyrom ceobodno 6 obaacmu
nPOCMPAHCMBa, YIaseHnot 0Om 0CmMasbHo20 Bew,ecmea, 0e3 spawenud u 6e3 0MmHoCu-
meavnoz2o deuncenus, npuuenm B u C pasnoydasenvr om A (puc. 1).

Puc. 1 I

IIo noayuenuu cuenasa om A deueameau B u C 3anyckatomed, u paxembl HAGUUHGIOM,
naasno yckopamves (puc. 2). Iyemy paxemvr B u C udenmuunvl u umeiom udenmuunbie
npoepammvl yeropenud. Tozda (kax cuumaem nabatodamens na A) onu 6ydym 8 karcAvri
MOMEHN, BPEMEHU UMEMb 00UHAKOBYI0 CKOPOCMb U, MAKUM 00PA30M, 0CMABAMbCI CMe-
WEHHBLMU OPY2 OMHOCUMEALHO IPYea Ha PUKCUPOBAHHOE PACCMOIHUE.

(o)

Puc. 2 Puc. 3



IIpednoaoscum, umo ¢ camozo nauara B u C c6g3anbr monkot wumwio (puc. 3). U
eCAU 8HAUAAE HUMD JOCMAMOUHO OAUHNHG, YMOObL ee T8AMUAO HG MPedYEeMOE PACCMOI-
HUE, MO NO MepPe MOo20 KAK PAKembl YCKOPAIOMCI, OHG CMAHEM KOPOUe, NOCKOALKY NOo0-
gepaaemca PuudHcepaab008oMYy COKPAUWEHUN, U 6 KOHYE KOHY08 nopeemca. Ona doaxcHa
nopeamvc, K020a NPy Jocmamouro 604bwW O CKOPOCTU UCKYCCMEEHHOe NPedomaepae-
HUE eCMecmBEenH020 CHCAMUT NPUsedem K HedonYCmumomy HaMmIHCEHUN.

Lleticmsumenvno au amo max? Oma cmapag 3a0a4a 0Ka3a40CH 0OHAHCOLL NPEIMEMOM
obcyxncdenus 6 cmoaosoti [[EPH’a. Odun yeaxrcaemviti Guauk-akcnepumenmamop omra-
3AACA CORAACUMBCA C MEM, UMO HUMb NOPEEMCI, U CUEA MO YEEPEHHOCTL 6 00PATMHOM
MOUM COOCMBEHHBIM HENOHUMAGHUEM CNEYUAILHOT Mmeopul omuocumesbrocmu. Mol pe-
wuau oopamumbca 6 Teopemuueckuti omdea LIEPH’a 3a apbumpasxcem, u npoussea
(ne ouenv cucmemamuueckuti) onpoc obwecmeenno2o muenud wa smom cuem. O6pazo-
BAACT OMUEMAUBDIT KOHCEHCYC 8 MOAL3Y M020, YMmo Humb ne nopsemca! Koneuno, mmo-
2ue, KMo nonauasy daem 3mom HenpasulbHbll 0Meem, NPUTodIm Nocie HEKOMOopPo20
pasmviuLerug K npasuabrnomy. OObluno OHU YUY CcMBYIMm HeoOT0JUMOCMb NOCMOMPEMD,
Kax 6ce amo npedcmasagemca naoaodamenro B uau C. Onu obnapyxcusaom, umo B,
nanpumep, sudum C ece dasvwe u dasvuwe no3adu, mar ¥mo JaHHbil KYCOK HUMU He MO-
oHcem 60AbWE MOKPLIMb Paccmognue mencdy Humu. 1ToabK0 npodesas 3mo, U 803MOHCHO
C 0CMAMOUHBIM OUYULEHUEM KAKOTU-MO HEA0B8KOCMAU, IMU A4100U 8 KOHYE KOHY06 NPUTO-
0IM K 3aKAOUEHUN, KOMOPOE COBEPULEHHO MPUBULALHO ¢ MOUKYU 3penud A, yuumbieads
Puydnceparvdoso cokpauserue. Moe eneuamaenue, ymo me, y K020 6o4ee KAACCUUECKOE
obpaszosanue, KMo 3naem Koe-umo u3 paccyxrcdenuti Jlapmopa, Jlopenya u Iyanxape, a
maxoce Dinwmetina, 064a0a0m 60AEE CUADHBIM U HADEHCHBIM UHCUNKMOM.”

[Tepeiinem x amanmu3y manvOU 3amadu. [lycTh minHa HUTH, KOTOpas COCOUHSET PakKe-
Tel B 1 C B mOKOSAIIIEMCsI COCTOSIHUM, paBHA PACCTOSIHUIO MeX Iy HuMmu ly. [Ipu nemxennn
HUTH, B CUJLy COKpalleHus JIopeHia, ee IyinHa B HEMOMBUKHON CHCTEMe KOODIUHAT (Tie
€€ KOHIIBbI (pI/IKCI/IpyIOTCFI B OOVH 1 TOT XK€ MOMEHT BPEMCHHN II0 YaCaM HeHOI[BH)KHOfI
CHCTEMBbI) NOJKHA CTAThb PABHON

l:l()\/l—’UQ,

[TockombKy, OMHAKO, KOHITBI HUTU CKPEIJIEHBI C PAKETAMU, PACCTOSIHAE MEXKIY KOTOPBIMUI
(lp) ocraercs MOCTOSHHBIM (TakK Kak OHM [IBUXKYTCS [0 ONHOMY U TOMY e 3aKOHY),
HUTH [OJKHA pa3opBaTbCs. Takoe OObsCHEHWE ACT HAOIIOMATENb, HAXONAIIUIACT B
HETONBMXKHON WHEPIUAJIBHOU CHCTEME KOOPOWHAT.

C Touku 3peHus HaOIIOMATENs, HAXOMSIIErOCsS HA ONHON W3 PAaKeT, PA3pbIB HUTHU
OPOM30MIET M3-33 TOrO, YTO PAKETHI C TEUEHHEM BPEMEHU YAAJSIOTCSA OPYT OT APYyTra.
OTO JIErKO yCMOTPETh M3 WHBAPUAHTHOCTU WHTEPBAJIA B MPOCTPAHCTBE MUHKOBCKOTO.
IeiicTBUTEILHO, MHTEPBAJI MEXKIY OBYMsI COOBITUSMUI, COOTBETCTBYIOIIUME (HDUKCAIIH
nosoxkenuss paker B u C B ooMH W TOT K€ MOMEHT BPEMEHH II0 YacaM HeMOIBUK-
HOWl CHCTEMBI KOODIWHAT, MPOCTPAHCTBEHHO momoGeH u pasen S%, = —IZ. DToT x)e
UHTEPBAJ B CHCTEMEe KOODIWHAT, COIYTCTBYIOIIEN pAKeTaM, MOJKEH MMETh BPEMEHHYIO
9acTh (Tak KAk COOBITUS, OMHOBDEMEHHBIE B HEMONBIDKHON CHCTEMe, HEOMHOBPEMEHHBI B
comyrcrayiomeit). [losToMy mpocTpaHCTBEHHAs YaCTh MHTEPBaja (OMPENEIIsIoas pac-



CTOSIHIE MEXIy PaKeTaMu) MOJKHA ObITh Goublie [y 1 BO3pACTaTh IO MePEe YBEIMUeHUs
CKOPOCTHU PAaKeT.

B cnyuae yckopeHHOrO MBUMKEHUS, KAK BUIHO M3 PACCMaTPUBAEMOIO IpUMepa, IPo-
SBIIeTCS OUHAMMUYecKas mpupoma mpeobpasosanus Jlopenma. Cokparenune Jlopenma,
KakK, BIIPOYEM, U CaMa TeOMETPUs IJIOCKOTO MPOCTPAHCTBa-BpeMeHn MUHKOBCKOTO, MMe-
0T DUHAMHIYIECKYIO IPUPONY, TOCKOIBKY OHU OTPaXKaroT O0IIme NMHAMUYIECKNE CBONCTBA
MaTepun — 3aKOHBI COXPAHEHWS HSHEPrUU-UMITYJIbCA W MOMEHTA KOIMYECTBA TBUKEHMUS.
WNmenno sTu obIine 3aKOHBI, YHUBEPCAJIBHBIE s JTIOOBIX B3aMMONECHCTBUN, U TMPUBOMSAT
K eOWHON OJjIs BCeX (HOPM MBIKEHUS MATEPUN ICEBHOEBKIIMIOBON T€OMETPUM.

OcranoBuMcss Ha dTOl 3amade mompoOHee. IlpoBemem cHauala aHAIN3 OBUKEHIUS
pakeT B “HEMONBIKHOW WHEPIUMAJIBLHON CHCTEeMe KOOPOWHAT, B KOTOPOW CTapTOBAJII
pakersl B u C. PemsituBucTckoe KOBapmaHTHOE ypaBHEHWE NBIKEHUS KAXKIOW W3 HUX
[POUCXOANUT TOI NEMCTBUEM IIOCTOSHHON CHIIBL f, CO3MAOIIEl (B CHCTEME MOKOsI PAKeTHI)

[1h]

IIOCTOSIHHOE yCKOpeHme “a”, u mMmeeT BUX (eciu cuia f HaIpaBieHa IO OCH )

au, dUy
=F,, m— = Fy. 1
" dr " dr 0 (1)
3nmeck U,, Uy — KOMIIOHEHTBI YeTBIPEXCKOPOCTH
1 v
U* = , ; 2
V1—0v2 /112 @)
F,, Fy — KOMTOHEHTHI YeTHhIPECUIIBI
V1—0v2 122
T — cobcTBenHoe BpeMmsi. CkopocTh cBeTa ¢ = 1.
Ha ocuoBanuu (2) mmeem
(Uo)* = (U:)* = 1. (4)
N3 dopmyn (2) u (3) momyumm
Ey = fU,, F, = fU,. (5)

C momorrbio BeipazkeHuil (5) ypaseerue (1) sammmem B dopme

dU, dUy f
=aly, — =alU,, a=—. 6
ar 0 g T “Tm (6)
Otn ypaBHeHUs B cwily (4) IMEIOT IIPOCTOE DELICHIE
d dt
U, = ' _ ginh ar, Uy = — = coshar. (7)
dr dr
Ha ocuoBanmu (2) u (7) umeem
1
v =tanhar, cosharT = ——. (8)
1—0?



Ecian B mauanbHbll MomeHT BpeMennu (7 = 0) omma u3 paxer (B) maxommiace Ha ocu
T B TOuKe T%, a Ipyras B TOUKe TS, TO TPAGKTOPUs IBUKEHUs MEPBON PakeThl GymeT
onpenensaTbes u3 (7) mapamerpuuecku (uepes cOGCTBEHHOE BpeMs T):

1
rp = ~(coshar — 1) + 2%, 9)
a
1.
t = —sinhar. (10)
a

AmnanormusabiM 00pa3zoM OymeT MpencTaBIsATbCS W TpaekTopus Bropon pakernl C. Pas-
HOYCKODEHHOEe IBUKEHWE B PEIITUBUCTCKON MeXaHWKe OOBIYHO HA3BIBAIOT T'HUIepOoImUe-
CKUM IOBUXKEHUEM.

Ha ocuoBanuu (8) u (10) mmeem

1
coshar = Wi V1+ a?t?. (11)

— 2

Ucnone3syst (11), HaiineM sSBHYIO 3aBUCUMOCTH KOOPIMHAT U CKOPOCTH PAKET OT BPEMEHN
t:
1
TR = —(\/1+a2t2—1) + 2%, (12)
a
1
vo =~ (VI+a —1) + 2. (13)
a

C momorsio (8), (10) u (11) naiinem

at
ve(t) =vp(t) = . (14)
v1+a*t
Taxum o6pa3oM, B “HETONBIKHOW WHEPIUATIBLHON CUCTEME KOOPIUHAT PACCTOSHUE MEXK-
Iy OBYMs paKeTaMH OCTAeTCsS HEM3MEHHBIM U PABHBIM MEPBOHAYUATIHLHOMY PACCTOSHUIO:

lo = 2p(t) — zc(t) = 2% — 2. (15)

[To-Bumumomy, ucxoms u3 5Toro gaxTa 60ILITTHCTBO GU3UKOB, onporreHHbIX ). Bamtmom,
U YTBEPXKOAIU, UTO HUTb, CBI3BIBAIOIIAS pakeThl, He [OJXKHA TIOPBATHCSI.
[TpocTpaHCTBEHHO-BPEMEHHBIE COOTHOIIEHUST B Mupe MUHKOBCKOTO OMpENeNsoTCsS WH-
TepBAJIOM MeXIy coObiTusmu. B 3amade o mBmxkenun paker B m C “HemomBmxkHBIN’
Ha0IIOOaTe b B MHEPIMAIBLHON CHCTEME KOODOMHAT IO CAMOH IOCTAHOBKE 33aull NMeeT
IIEJI0 ¢ TPOCTPAHCTBEHHO-TIONOOHBIM UHTEPBAJIOM, PABHBIM

Spe = —(zB(t) — zc(t))’ = = (2% — 2¢)* = —L.

W on mo mocTaHOBKE SKCIEPUMEHTA HE B COCTOSHUU ONPENEIUTh: MPOUCXOMUT JIU TPU

PaABHOMEPHO yCKOpeHHOM nBmxkeHuu paker B m C' B umx cucreMe KOOPOUHAT B3aHMMHOE

yHoajleHre pakeT Opyr oT npyra. Ho eciu ObI mpu MOOTOTOBKE HAHHOTO SKCIIEPUMEHTA

OBITIO CO3MAHO CIIENUAJIBHOE YCTPOMCTBO, KOTOPOE IPHU Pa3phbiBe HUTHU CO3TAET CBETO-
)

BOI MMIIYJIBC, TO, YBUIIEB CBETOBOW CUTHAJI, ‘HEMONBIKHBIN HAOIOIATETb GUKCIPOBAT



661 paspblB HUTU. HO UTOOBI OOBSICHUTH 3TO SBJIEHUE, €My MPUILIOCH Obl OTKPBITh
IICEBOOEBKINAOBY Te€OMETPHUIO NIPOCTPaHCTBa-BpeMeHu. [l oTBeTa Ha MOCTABIIEHHBIN
BBHIIIIE BOIIPOC HEOOXommMo mporecc nBmkeHus paker B m C paccMorpeTbs B comyT-
CTBYyIOIIEH cucTteMe KoopauHaT. IMeHHO myTeM cpaBHEHUs IPOCTPAHCTBEHHO-TIONOOHON
YacTH WHTEPBaja B COILyTCTBYIOIIEN CUCTEMe KOODOWHAT C [p W MOXHO yCTAHOBUTH
daxT B3amMmHOrO ymasjenus pakeT B m C mpyr or mpyra ¢ TeueHHEM BpPEMEHM.

C nomorrpo (10) m (11) serxo BbIpasuTs T depes t:

7= L1 (at + VTFa%).
a

OTcioga BUOHO, UTO COOCTBEHHOE BPEMS PACTET TOPA3I0 MeIJIeHHee, UYeM BpeMms t B
“HETIOMBIKHOW WHEPIUAIILHON cucTeMe KoopaumHatT. VlcxomHas mHepumajbHas CUCTEMA
KOOPIMHAT, B KOTOPOH MMeeTCsl cujioBoe mojie F'®) coobiiatoriee TpoOHBIM TejlaM TTOCTO-
SHHOE B MX CUCTEME KOOPIWHAT yCKOpeHme “a”’, MOoxkeT ObITh Npeobpa3oBaHa C ITOMO-
IIBI0 KOOPIMHATHOTO MpeoOpa3oBaHUsl B PABHOMEDHO YCKOPEHHYIO CUCTEMY KOODIUHAT.
B “memomBumxHOI WHEPIUAIBLHON CUCTEME KOOPAWHAT WHTEPBAJI dS, XapaKTepU3yOIITIi

MeTPHUUIeCKNe CBOWCTBA IPOCTPAHCTBA-BPEMEHN, UMeeT BUI
ds® = dt* — dz® — dy* — dz*. (16)

NmerHO B 9TO# cucTeMe KOODIUHAT MMeeTCs cuitoBoe moite (3) ¢ kommnorertamu (Fo, Fy).
It Toro 9ToObI HAIVIAZHEE YBUIETDb, IOUYEMY Da3pbIBAETCs HUTH, MEPEneM B DaBHO-
MEPHO YCKODEHHYIO CHCTeMy KoopauHaT [2|. BBemeMm mepeMeHHYIO p ¢ MOMOLIBIO IIpe-
obpazoBaHUsA

1
p =1z — —[coshar — 1], (17)
a

OCTaJIbHbIE KOOPIWHATHI T,Y,2 ocTaBuM 0e3 m3meHeHus. [Ipu Takom mpeobpazoBaHum
IpoOHBIE Tejla B COMYTCTBYIOIIEH HEMHEPIUAJIBHON CHCTeMe KOOPIWHAT HAXOMITCS B
nokoe. CormacHo dopmyie (10) nmeem

dt = dr coshar. (18)
Yunreast (17) u (18), Bepaxkenue (16) mpeobpasyem K Buiy
ds? = dr? — dp* — 2dpdr sinh at — dy?® — dz>. (19)

Mbl BumuM, 9YTO WHepIUAIbHYIO cucTeMy koopauHaT (16) ¢ cmmoBbiM momem F, Mb
TpaHchOPMUPOBAIM B PABHOMEPHO YCKOPEHHYIO cucTeMy KoopauHat (19) ¢ merpmue-
CKUMI KO3 PumueHTamMn

900 =1, gop = =1, gop = —sinha7, g,y = =1, goo = —1.

HeticTBue cuaoBoro mosist OymeT Temepb MPOSBIATBCI B METPUYECKUX CBONCTBaX
mpocTpaHcTBa-BpeMeHu. i ompenmeseHust (PU3MIECKOTO BPEMEHU U PACCTOSHUS B



PaBHOMEDHO VCKODEHHOW CHUCTEME KOODIWHAT BBLIEINM B ds? BPEeMEHU-TIONOOHYIO 1
IIPOCTPAHCTBEHHO-TIONOOHYIO YacTH:

ds® = [dr — dpsinh at]? — dp? cosh? ar — dy* — d2>. (20)
B 9TOM BBIPDaXK€CHUU BCJINYMHA
do = dr — dpsinh at (21)

orpenersieT MPOMEXYTOK (U3MIECKOr0 BPeMEeHN B PABHOMEPHO YCKOPEHHOW CUCTEeMEe KO-
opaunar [2|. CiemyeT OTMETHTB, YTO XOI BPEMeHU do 3aBUCUT OT HEWCTBUS CHIJIOBOTO
TIOJIsT, COOOIITAOIIETO TOCTOSIHHOE YCKOpeHme “a”. B HemHepnmajabHOW crucTeMe KOOPOu-
HaT BEJINYMHA dO', KaK 95TO BMOHO M B OaHHOM IIpUMEpe, HeE ABJIACTCA IIOJTHBIM I[I/I(p—
depeHnMaIoM. OTO O3HAYAET, UTO B HEMHEPIUAJIBLHOW CHCTEME KOOPOUHAT HE MOXKET
OBITH OCYIIIECTBIIEHA COXPAHSIOIIASICS C TEUYEHNEM BPEMEHU eIUHAs CUHXPOHU3AIUS Y-
COB, HAaXOOJAIIIUXCS B PaA3HBIX TOYKaAX IIPOCTPAHCTBA, IMOCKOJIBKY OHa 3aBUCUT OT IIyTH
cuHXpOoHm3anmuu. Takas CHHXPOHU3AIWS YACOB MOXKET OBITH OCYIIIECTBIIEHA TOIBKO B
HHepHHaJ’IBHOﬁ cucreMe KOoOopOouHaT. MMGHHO B 95TOM CJIy4ae BEJINYUHA dO' ABJISIETCA
mosHBIM  nuddepenimanom. Merpuueckue CBORCTBa TPEXMEPHOTO MPOCTPAHCTBA, OPTO-
TOHAJTBHOTO BpPEMEHU do, OMPeNessioTCs BeTMINHON

dI* = dp? cosh? at + dy* + dz*. (22)

Benuuwuna dl 3aBucut oT mecTBus cuitoBoro momis “a”’. Takum obpazom, mefcTBUE MO
B MHEPUUAJIBHON CHUCTEeMe MBI TPAHCGHOPMUPOBAIN B PABHOMEDHO YCKOPEHHYIO CHCTEMY
KOODIWHAT TPOCTPAHCTBA MUHKOBCKOTO M TE€M CAMBIM IEPEBEIN B METPHUUECKHUE CBOU-
CTBa IPOCTPAHCTBa-BpeMeHN. PaBHOMEPHO YyCKODEHHAsI CUCTEMa KOODIMHAT HE SIBIISIETCS
7 JKeCTKOMI , TOCKOJIBKY B HEW PACCTOSHIE MEXKIY (PUKCHPOBAHHBIME TOIYKAMU M3MEHSIETCS
co BpemeHeM. YuurhBas (21) u (22), narepsan (20) npuHIMaeT BUn

ds® = do* — dI*. (23)

[Tockonbky mis cBeTa MHTEpPBANl dS paBeH HYJII0, TO M3MepeHue NJINHBI dl cBOOUTCS K
M3MEPEHUIO BPEMEHU TPOXOXKIeHus do oTpe3ka dl cBeToBbIM curHaiiom. MenHO oTCIOma
CJIEyeT, YTO PABHBIMU OTPE3KAMU SIBIISIIOTCS TaKuWe OTPE3KM, KOTOPBIE CBET MPOXOMUT
B OIHO U TO XK€ BpeMs.

U3 dopmymner (22) ciaemyer, 9TO DIEMEHT IUIMHBI BIOJIL OCH p DaBEH

dl, = dpcoshart ,

mwin, ucnons3yst (11), Haifinem

dp )
dlp = \/17_7,02 = d,O 1 + CL2t2 . (24)



Nmenno sTa hopMyiia u BOBHUKAET 13-3a JIOPEHIIEBA COKPAIIIEHUS IIIMHBL OTpe3ka. Takum
obpaszoMm, paccrosHue Mexmay pakeramMu B mw C B paBHOMEDHO YCKODEHHOI CHCTEME
KOODIWHAT OMPENESISIeTCS BhIPaXKEHUEM

l, = (xp — xc)V1 + a2 = lpV'1 + at2. (25)

Ho sro osmauaer, uro B mHepumanmpHOil cucreMe K mmeeT MecTO (B IPOTHBOIOIIOXK-
HOCTb BBIBOLY |[4]) JIOPEHLIEBO COKpAIlCHWE MJIMHBI CTEPXKHs, MOKOSIIEroCsl B CHCTEME
Kn: zp —x¢c = 1,v/1 — v?. Paccrosaue mexmy pakeramu [y, 3aQUKCHPOBAHHOE B ONU-
HAKOBBII MOMEHT BpeMeHHU (fp = f¢) HENONBIKHBIM HAOJIONATENIEM B MHEPIUAIIBHOM
cucTeMe KOOPIMHAT, He MOXKET OBITh PAacCCTOSHHEM B COIMYTCTBYIOIIECH CHCTeMe KOODIW-
HAT, TaK KaK MOMEHTEI BPEMCHN tp = tc OTHOCATCS K Pa3HBIM MOMEHTaM BDEMEHH B
COIIy TCTBYIOIIEH cuCTeMe KOOPIMHAT, TOCKOIBKY pu3mdecKoe BpeMs do He PAaBHO HYJIIO.
Bripaxenue (25) mokaselBaeT, UTO M3-33 HAJMYMS CHIIOBOIO IIOJSL C yCKOpeHuWeM “a”,
paccrosHue Mexny pakeramu B m C yBemmumBaeTcs CO BpeMEHEM, UTO U IPUBONUT K
OOpBIBY HUTH, CBSI3BIBAIOIIIEN 5TU PAKETHI.

B ofiiem crydae yCKOPEHHOTO IOBIKEHUsI KBAIpaT WHTepBaia OymeT MMETb BUIT
ds® = g dztdx”.

AHanoOrmyHO NpPEmBIMYyIleMy BBIZEINM B KBaIpaTe WHTEPBAJIA BPEMEHU-TIONOOHYIO U
IIPOCTPAHCTBEHHO-TIONOOHYIO YacTH:

ds® = do? — di?,

rae

dx? ~ i
= %/\7’ dI* = zyda'dz®, = —gi + Joidok

1/ 900 oo
Benuunna do xapakTepusyeT ¢dusmueckoe BpeMs, KOTOpO€ He 3aBUCUAT OT BbIOOpa Iie-
peMeHHOU BpeMmeHu. [[efiCTBUTENBHO, MyCTh, HAIIPUMED, MBI BBEIIEM HOBYIO TEPEMEHHYIO

2% mo 3axomy

do

20 =2"(2% 2%, 2" =2,

Torma Ha OCHOBAHWN TEH30PHOTO IPEOOpa3OBaAHUS

;o oz* 0z
Gr = 908 50"

nMeeM B HallleEM CJIy4dae

2
dz° 0z° 9P a0

/o /o
Joo = 9oo w ) gOA—goﬁax/O Or™’ dx™ = 8xadx’

yLH/ITI)IBaﬂ
ox?  Ox™ B
ox* oxze 7




HallneM

_goadz™  gogda”

Taxum 06pa3zoM, MBI YCTAHOBWJIN, UTO (PU3UUIECKOe BpeMs do HE 3aBUCUT OT CIOCO0a
BBIOOpa KOOPOMHATHON BpPEMEHHON mepeMeHHON. KoopmuHaTHas mepeMeHHas BpeMEH!
He XapakTepu3yeT XOH BpeMeH: (PU3MIECKOTrO IIPOIlecca, IMOCKOJIBKY OHA 3aBUCUT OT
IpOM3BOJIa BBIOOpa 1YacoB. Pu3myeckoe BpeMsi ONMPENesIsieT XOI BpPeMeHHN (GU3UIECKOTO
IIpoIeCcca, OMHAKO BeMMYWHA do UMeeT JIOKAJIbHBIN XapakTep, MOCKOJBKY B HEWHEPIIU-
aJIbHOU CHUCTeMe KOOPOWHAT OHAa He SIBISETCS HOMHBIM OuddepeHnmaIoM, a TO3TOMY
HE CYIIECTBYET MEPEMEHHON ¢. B WHepHUabHON TajinjieeBON CUCTEMe KOOPOUHAT do

coBIIanaeT ¢ muddepeHnnaioM KOOPDAMHATHON IMEPEeMEHHON 1 SIBIISEeTCS HOHBIM Oudde-
pernumanoM. Bemmumna dI? gBiseTcs KBaIpaTOM PACCTOSHIS MEXKIY TOYKAMH, OHA HE

do

3aBACHUT OT BBEIOOpDA KOODAWHATHBIX INEPEMEHHBIX U MMEET JIOKAJIbHBI XapaKTep.

B mononHeHwe kK paHee CKa3aHHOMY CIleyeT OTMETHTh, YTO mpeoGpasoBanume (21)
SIBJISIETCST HETOJIOHOMHBIM, a MOYTOMY He CYIIIeCTBYET MEpPEeMeHHO o. B comyTcTByfolei
HEMHEPIUAIIBLHON CUCTeMe KOODAUHAT MHTepBail (23) OymeT MMeTh BUI

ds® = dr? — dp* cosh? at — dy® — dz* . (23a)

C
B cuny meromonomuocTH mpeobpasoBanus (21) sToT mHTepBanm OymeT puMaHOBBIM |[3].

Ha ocuoBanun (23a) serko HaitTu cumBonsl Kpucrobdens:

1
A A
L = 59 P(0uGvp + OvGup — OpGuw) -
OnHu B HammeMm ciIydae paBHBI

. sinhat
I'Y, = asinharcoshar, Ty =a— .
coshart

Orcioma ciemyer, 9TO KOMIIOHEHTHI TE€H30pa KPUBU3HBI Pumana

Rﬁpa = 8PF50 - 80F5p + Fﬁpl";a - Ffrlcrrlﬁcp
st MeTpuku (23a) GyayT paBHBI

R},o = —a®, RY,, = —a*cosh®ar.

Wcnonb3ys m3BecTHYIO GOPMYITy IS T€ONe3NUecKOn OeBUAINN

ozt
T
TIOJIy UM
d*ox!
7 f —a?6zt =0,
-



YTO CBUOETENBCTBYET O B3aMMHOM YIOAJIEHUE CO BPEMEHEM NPOOHBIX Tell B COIMYTCTBY-
0Ll HEeMHEPIIMAIBHON CUCTeMe KOOPIWHAT.

HomonmuuTenbHas WLTIOCTPAIU XapaKTepa OTHOCUTEIFHOTO MBIKEHUs ~pakeT ber-
7a” TOJydYaeTcs, eCIM PacCMOTPETh BOIPOC O TOM, CMOTYT JIM HAXOMSIIIAECS B HUX
HabIIODaTe N TONIEPKUBATE MEXKIY COOOW pPammuocBsi3b. s peleHus mOoCTaBICHHO-
ro BOIPOCAa HEOOXOAMMO € MOMOMIbIO mpeobpasoBarmit (9) m (10) sammcars KBampar
UHTEpPBaJa B MEPEMEHHBIX YCKOPEHHON CHCTEMBI KOODIIMHAT:

Sty =(ta—t1)* — (w2 — 21)* =

(T1 +T2)

9 B 2
hM —l%coshQ% ’

—sin
a

~ ysinn AL ET)

snech Iy = x5 — Y.

Bpems mpmxonma panmoCHrHasIa, WCIYIIEHHOTO ONHUM U3 HabiomaTeseidl K IPYTOMY,
ompenensercs yciopueMm SZ, = 0. Eciu curaan uCHylleH U3 TOJOBHO# pakeThl B B Mo-
MEHT BPEMEHU T, TO, KaK HETPYIHO NOKa3aTh M3 BBIPAXKEHUS IJISI MHTepBaJla, OH OyIeT
noinyueH HabmonarerneM B pakere C B MOMEHT BPEMEHU Ty, ONPENENsIeMBIM YPaBHEHIEM

e = e + aly.

Taxum obpaszoMm, pammoOCUTHAJ, UCIYIIIEHHBIN U3 pPakeThbl B, Bcerma MOCTUTAeT PaKETHI
C. C Toukm 3peHus HEMONBIDKHOTO HAOIOOATENs, IpU ary >> 1 yCIIOBUE NPUHUMAET
IIPOCTON BUI

by ty 4 0

2 ™t + 5
CoBceM mpyroil pe3yibTaT MOYYAeTCs HPUH PACCMOTPEHUM PACIPOCTPAHEHUS PAIMO-
CUTHAJIa, WCIyIIeHHOro 3amHeir pakeroin C. Bpems mpuxoma ero B TOJIOBHYIO PakeTy Ti

OyneT ompenessiThCsl M3 ypPaBHEHUS
e M = e (1 — alpe®™).
OTO ypaBHEHEE Pa3PEIIUMO TOIBKO, €CIU MMEET MECTO HEePABEHCTBO
alpe™ < 1.

Ecnu 510 ycrmoBue He BBIIONMHSETCs, TO HAOMIOOATENb B pakeTe B He MOXeT MOIyYUTH
uukakon wmHpopMarmu u3 pakerbl C. Takxum obpaszom, miis HaOIIOOATETS B TOJOBHON
paxere B 3anmusisg pakera C ¢ TeueHmeM BpeMeHU HOJIXKHA MCYE3HYTH 3a TOPU30HTOM CO-
obrruit. s monyuenus B pakere B madopmanun u3 pakersl C HEOOXOOUMO BBIKITIOUUTH
neuraTenun pakeTbl B. CkazanHoe Beire OymeT peasbHO MPOSBIATHCS MPHU YCKOPEHUN
3apSKEHHBIX YACTUII B MOCTOSHHOM 3JIEKTPUYECKOM IIOJIE.

[TycTh, HATPUMED, SJIEKTPOHHBIN CIYCTOK YCKOPSETCS B JIMHEWHOM YCKOPUTEJE CO
CcpemHell HANpSKEHHOCTBIO DJIeKTpudeckoro mons FE mo smeprum ¢ >> m. Torma x
KOHITY IPOIIECCa YCKOPEHUS CI'YCTKA W3 yCIIOBUS

alpe®™ = alg(aty + /1 + a?t3) < 1



“MeeM HePaBEeHCTBO
(mc?)?
lo < ———.

2eFe
OTcioma cemyeT, YTO Ha TOJIOBHYIO YaCTh CCYyCTKa OYOyT BIMSATH K KOHILY YCKOPEHUS
TOJILKO Te 3apsKEeHHBIE YACTHUILI, KOTOPbIe B HAJYajle YCKOPEHUs HAXONW/INCH OT HEro
HA PACCTOSHUM, MEHbBIIIEM %eﬁ 71t TpoeKTUpyeMbIX JTMHEMHBIX KOJUTAmepoB ¢ el =
100 MsB/m u sueprueit € = 200 ['sB Bemuuunna [y cocrasmnser [y~ 6 - 10~ "cm.

Banaua [x.Bemma ykasbiBaeT MBICIEHHBI MyTh MOCTPOEHUSI PABHOMEPHO YCKOPEH-
HOW cucTeMbl KoopoumHaT. [lycTs B mHepHmanabHON cuCcTeMe KOOPIWHAT OCYIIEeCTBIIEHA
eoUHAs CUHXPOHU3AINS YacOB B KAaXKIOW TOYKE MPOCTPAHCTBA. 1Orma MOXKHO peasin-
30BaTh PABHOMEDPHO YCKODPEHHYIO CHCTEMY KOOPOUHAT C MOMOIIBI0 OECKOHEUYHOTO YMCITa
“pakeTr bamna”, cTapTyOIINX OMHOBPEMEHHO M3 PA3HBIX TOUYEK HEMOMBIKHOW WHEPIIU-
AJTLHON CHCTEMBbI KOODIWHAT C ONWHAKOBBIM U TIOCTOSHHBIM ycKopeHmeMm “a”’. Tak, MbI
MBICJIEHHO MOXEM CO3[aTh B CKOJIb YTOMHO OOJIBIIIOM 00BEMe MPOCTPAHCTBA PABHOMEPHO
YCKOPEHHYIO CUCTEMY KOOpAWHAT. VIMEHHO TaKyio CHCTEMY KOOPAWHAT U CJIEIyeT CPABHU-
BaTh C OMHOPOMHBIM TPABATAINMOHHBIM mojieM. OOHAKO MHOTHA UCIOIB3YIOT “KEeCTKYI’
PABHOMEPHO YCKOPEHHYIO CHCTEMY KOOPOUHAT, B KOTOPOH pPacCTOSHUE MEXKIY (DUKCUPO-
BaHHBIMU TOYKAMHI HE 3aBUCUT OT BpeMeHu. Takas cucrema BBemeHa Mesepom, B Hel
KOOPIUHATEL (1], p) CBSI3aHBI ¢ KOODAUHATAMY WHEPIMAIILHON CUCTEMBI (t, ) COOTHOLIEe-
HUSIMEI

t = psinhan, z = pcoshan (26)

(4TOGBI He 3arpOMOXKIATL U3JI0XKEHUEe, Mbl OPPAHMYUMCS ONHON MPOCTPAHCTBEHHON KO-
opaunaTonl x). UHTepBam Mexmy cobbiTusMu B cucteMe Meiiepa, KOTOPYIO B COOTBET-
cTBum ¢ paboront [4] Gymem obosunauars K,, paBeH

ds* = dt* — da® = a*p*dn® — dp*. (27)

Orcrona crenyer, 9TO MPOMEXYTOK COOCTBEHHOTO BpeMeHU B cucteMe K, paBeH dr =
apdn, a pacCTOSHIE MeXIy COCemHUME ((PUKCUPOBAHHBIME) TOUKAMU MOCTOSHHO U PABHO
dp. B stom cmpicie cuctema K, sBrusercs “xecTtkou . 1 BBISBIEHUS €€ pPa3IUIUs
¢ cucremoin koopmuHar (9)-(10) (wmm B obosHauenusx paborwer [4] ¢ cucremont Ky)
PACCMOTPHUM BOIPOC O TOM, KAKOH COBOKYITHOCTBIO TEJI MOXKET OCYIIECTBIISATHCS CUCTEMA
K,. W3 (26) cremyer, uro dukcupoBanHas B cucteMe K, TOUKa p = po IOBUKETCS B
“HETIOMBIKHOW WHEPHIUAIBHON CUCTEME OTCUETa IO 3aKOHY

2
2= poy1+ 5, (28)
Po

T.e. cTapTyeT B MOMeHT t = () M3 TOYKM To = Py HA OCH T C MOCTOSHHBIM YCKOPEHUEM
ay = pio. OTo o3Hauaer, uro cucrema K, peammsyercs cuctemon ‘paker Memmepa”,
CTAPTYIOIINX OMHOBPDEMEHHO B “HEMONBUXKHOW WHEPIUAIBHON CHUCTEME KOOPIWHAT C
PasHBIMU YCKOPEHUAME a(T), 3aBUCSIIIME OT WX MOJIOXKEHUs Ha ocu z: a(x) = ﬁ Ecnn
B “HEMONBIXKHOW WHEPIUATHLHON CHCTEME KOOPAWHAT pakeThbl Mesmepa, HaXOMAIITHECs

Ha PaAcCTOSHUM dx, CTApTYIOT OOHOBPEMEHHO, & PACCTOSHUE MEXIY HUMU B YCKOPEHHOU

10



cucteme K, paBHO dp, TO B “HENONBUXKHOW CHUCTeMe KOOpIWHAT paccTosHue dr OymeT
YMEHBIIIATHCSI CO BPEMEHEM TI0 3aKOHY

i — 9P (29)

JI+58

YTO W COOTBETCTBYeT cokpartenuio Jlopeuna. I[IpuBenenubie BhIlle HATIAMHBIE COOOPa-
KeHUsI TOKa3bIBaioT, uTo cucrteMa K, (B ormumume or Ky) He MOXET MONEIUPOBATH
OMHOPOMHOE CHUJIOBOE IIOJIe, BCE TOYKU KOTOPOIO MPENNOaraloTCs OBUKYIIMMUCS TI0
runepbonnIeckoMy 3akoHy (9) ¢ ONMHAKOBBIM IIOCTOSHHBIM ycKoperueM “a”. B mpun-
[IUe HEBO3MOXKHO TMOCTPOUTH ‘“KECTKYH CHCTEMY KOOPOUHAT, KOTOpas UMHUTHUPOBAJIA
OBl OTHOPOIHOE CUJIOBOE ToJie. BBemeHme XKeCTKON CUCTEeMBI KOOPIUHAT COMPOBOXKIACTCS
HE TOJILKO TeM, UTO OHA HAPYIIAET OTHOPOMHOCTH CHUJIOBOIO TIOJS, HO U OOSI3aTEIBLHO
MPUBOOUT K HEMOTHOMY OTOOPAKEHUIO MPOCTPAHCTBA-BPEMEHN WHEPIIUAIILHON CUCTEMBI
KOODIMHAT B YCKOpPEHHYIO cucTemy. [losTomy mpenmourenue cucteMbl K, MO CpaBHEHUIO
¢ Ky, xoropoe memairoT aBTopbl paboThl [4] mpu 06CYKIEHUN TPUHIUNA SKBUBAJICHTHO-
CTH, TPEICTABIISIETCS] HEOMPABIAHHBIM.

Ha mpumepe amamuza 3amaunm [[x.Bsmma MBI SICHO yBumenu, UTO CHEIUATIBHAS TEO-
pUsi OTHOCUTEIBHOCTU MPUMEHNMa U K HeMHEePUUAJbHBIM cucTeMaM KoopaumHat [2]. Bcee
9TO €CTeCTBEHHO U OUYEBUIIHO, MOCKOJIBKY CYTh CIENUAJBLHON TEOPUU OTHOCUTETLHOCTH
COCTOUT TOJBKO B TOM, UTO MPOCTPAHCTBO U BpeMsl 00pa3yiOT HEPA3PLIBHO CBSI3aHHBIMN
YeTHIPEXMEPHBI KOHTUHYYM, B KOTOPOM MEPON PACCTOSHUSI MEXY COOBITUSME CJIYKUT
KBaIpaT WHTEPBAJIA MEXIYy HUMEU. Y TBEPXKIEHUS O TOM, UTO CIEIMUATBHYIO TEOPUIO
OTHOCHTEIBHOCTH HEJIb3s1 UCIOIB30BATh MJIST OMMCAHUS SIBIEHUN B HEMHEPIUAIBHBIX CH-
cTeMax KOOPOUWHAT BBITJIIAUT CTOJIb YK€ HEJeno, KaK YTBEPXKIEHUe O TOM, 9TO Ha ILIOC-
KOCTHU MOXKHO HCITOJIB30BATEH TOJIBKO JEKAPTOBY CUCTEMY KOOPIWHAT U HEJIb3sl IPUMEHSTh
kpuBonuHenHy0. Takoe 3a0iIyXmeHne MPOM30IIIO W3-33 TOrO, YTO MPUOABAIN HEOIPaB-
MaHHO OOJBINIOE 3HAUEHNE MOHATUIO OMHOBPEMEHHOCTH B Pa3HBIX TOYKAX MPOCTPAHCTBA
7 TIPOIECCY CUHXPOHU3AIMN YACOB B PA3HBIX TOUKAX MPOCTPaHCTBa. [loCKOmbKy sTm
MOHSATHSI OFPAHUYEHBI W UMEIOT CMBICI TOJIBKO B MHEPIUAJIBHBIX CHCTEMAaX KOOPIUHAT,
MO-BUINMOMY, U Ka3aJI0Ch, YTO CHENUAIBHYIO TEOPUI0 OTHOCUTELHOCTU HeJIb3s IIPUMe-
HATb B HEMHEPUUAIIbHBIX cucTeMax koopaumuaT. Wutepsan (16) mo camMoMy mOCTPOEHUIO
HE 3aBUCUT OT BBIOOpPaA CUCTEMBI KOOPAWHAT B IpocTpaHcTBe MunakoBckoro. [Ipeobpaso-
BaHUE OT KOOPAWHAT WHEPIIUAIBHON CUCTEMBI K KOOPANHATAM HEMHEPIIUAILHON CUCTEeMBI
IOJXKHO OBITH B3aMMHO ONHO3HAYHBIM M IPUTOM TaKWM, UYTOOBI oOpaTHOe IIpeobpa3oBa-
HIe TIOKPBIBAJIO BCe MpoCcTpaHcTBO MuHKOBCKOro. TOMBKO B 9TOM ciydae (pusmueckue
MIPOIIECCHI, TIPOTEKAIOIINE B WHEPIUATIBLHON CACTEMe KOOPANHAT, MOT'YT OBITH MOTHOCTBHIO
OTpaXKeHbl MPU WX ONMUCAHUU B HEWMHEPIIMAILHON CHCTEME KOOPIUHAT.

Cremyer 0co60 0TMETUTH, 4TO Hmpeobpa3oBanus (26) He OTpaxkaiOT BCE TOUYKH IIPO-
crpancTBa MUHKOBCKOTO B YCKOPEHHYIO CHCTEMY KOOPIUHAT, MOCKOJBKY MeTEPMUHAHT
METPUUIECKOTO TEH30pPa

g=—ap
obparaercst B Hynb B Touke p = 0. Ho mockonbky cormacuo (26)

=t = (x —t)(x+1t) = p°
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9TO O3HAYaeT, YTO mpeobpasoBanus (26) 0TOOpAXKArOT TOIBKO YACTh IPOCTPAHCTBA

MUuUHKOBCKOTO, 3aK/IFOUEHHOTO MeXIy mpsMmbiMu x = t,x = —t. Ha puc.4 sTo obmacts I.
|t
I r=t
—1III I— =
Il\/ r = —t
Puc. 4

Orcrona crenyer, uTo onucanume GU3NIECKUX MPOLECCOB, KOTOPbIE B MHEPIUAIBLHOI
cucteMe (TaJiiieeBbl KOOPANHATHI) 3aXBATHIBAIOT OOJIACTH, BBIXOASIIME 33 0071acTh I, B
cucteme Mennepa He MOXeT OBITH OCYIIIECTBIIEHO.

Apropsr Beipaxaror Gmaromapaocts M.A . MectBupuisuiau, B. A . Ilerposy nu H.E. Tropumy
3a LEHHBIC OOCYXKIEHMUS.
Cnoucok murepaTypbl

[1] Bell J.S. Speakable and unspeakable in quantum mechanics. — Cambridge University
Press, 1993, p.67.

[2] Jloryumos A.A. Jlekuum no teopum orHOcuTenbHOCTH U rpasuTammu. — M., Hayka,
1987.

[3] Pomuues B.U. Ditamreitnosckuit c6opuuk, 1971. — M., Hayka, 1972, ¢.88-113.

[4] Tuus6ypr B.JI., Epomenko F0.H. // YPH, 1995, 1.165, Ne 2, 205-2116.

Pyrxonucy nocmynuaa 16 woag 1996 .

12



C.C.I'epureiin, A.A.Jloryuos.
Samaua [x.C.Bema.

Opurusan-MakeT HOOTOTOBIIEH ¢ HOMOMIBIO cucTeMbl IATRX.
PenaxTop M.JI.®omomerkuua. Texunueckuit pemaxTop H.B.Opsosa.

Tlogmucano k mewaTn 16.07.96. dopmar 60 x 84/8. OdceTnast meyaTs.
Ilew.n. 1,5. Ya.-u3m.a. 1,15. Tupax 250. Sakaz 714. WMunexc 3649.
JIP Ne020498 17.04.97.

THII P® NucturyT Qusukum BHICOKUX SHEPTUI
142284, TIporBuro MockoBckoit 061.



Nunexc 3649

IPEIIPUHT 96-55, naoBDo, 1996




