HEKL[HSI 10. CHeHHaﬂbHaﬂ TeopHusd OTHOCUTEJIBHOCTH B IIPOCTPAaHCTBEe-BpeMeEHHA
JIEeIITOHA.

A. A. Kenapuc
(24 okrsibps 2004 1.)

B s7oit Jleknuu MbI paccMaTpuBaeM JTHHEHHbBIE TPEOOPA30-
BaHWS IPOCTPAHCTBA-BPEMEHH JIEITOHA, COXPAHSIIOIINE JIJTUHY
WHTEPBAaJIa B 9TOM IMPOCTPAHCTBE. B 9acTHOM citydae 9Tu mpe-
06pa3oBaHusl ONMCHLIBAIOT IMPSIMOJIMHEHOE YCKOPEHHOE JIBU-
JKeHHe, PaBHOMEPHOE IIOCKOE BpAllleHUe, YCKOPEHHOE ILIOC-
KOe BpaIlleHne, YCKOPEHHOE TeJIECHOe BpAITeHIUe.

I. BBEAEHUE

B Jlekmun 8 ObLI0 yCTaHOBJIEHO, YTO MPOCTPAHCTBO-
BpeMsi JienToHa ecTh ajredbpa Kiuddopma, obpasyro-
UM ITPOCTPAHCTBOM KOTOPOM SIBJISIETCS TTPOCTPAHCTBO-
BpPEMsI CITEIUATBLHON TEOPUU OTHOCUTEILHOCTH DUHIIITE -
Ha (CTO). Ilpusenennble cOOOparKeHUs O3BOJISIIOT 38~
nucarh JuddepeHnua; BEKTopa IPOCTPAHCTBA — BpeMe-
HU JIEIITOHA B CJIELYIOIIEM BUJIE

dr =&y dal + E, dx® + Escdt + Eqp RdcpabJr

ab 132
Eas T dv* + E123 RAp" + Eqpy LY — + E1304 _R?zuT -

Lt KBaJipaTa JAJIUHBI 9TOTO BEKTOPa MBI MOy YN

<dl’, dx> = (de)Z + (dxa)Q — 242 — R? (d(pab)2+

RZdab2 R2d1322
T2 (dv)? — R? (d'23)? + (Qu; ) ((Qc;)z) =0

CueruajbHOIl  Teopweil OTHOCHTEIHLHOCTH B  IIPOCT-
paHCTBe-BPEMEHN JIEIITOHA MbI Oy/IleM HA3bIBATH TEOPUIO
Ipeo0pPa30BaHMl KOOPJIMHAT, COXPAHSIONINX KB/ IPAT NH-
tepasa (dx°)? un Beipakenue

_(dma)Q + 02 dtQ + R2 (dwab)Q _ T2 (d’l)a)2+ (1)
2 aby2 2 13242
R2 (dwlzg)z _ R (éu; ) + R ((gu;)z )°

Od4eBuIHO, YTO 3TH NMPeoOPA3OBAHNS 3HATUTEHHO OOTa~
4ge npeobpazoBanuii JlopeHra u BKJOYaOT B cebs IO-
ciennaue. B aToit JIekiun Mbl paccMOTpUM ITpeobpa3oBa-
HUsT KOOPJUHAT CACTEMbI OTCUETa, COOTBETCTBYIOIINE

® YCKODEHHOMY NIPAMOJIMHEHTHOMY NBUXKEHUIO,
® PaBHOMEPHOMY BpAIEHUIO,
® DPaBHOYCKODEHHOMY BpPAaIlleHUIO,

® DaBHOYCKOPEHHOMY T€JIECHOMY BPAIICHUIO.

IIpeaBapuTeIbHO OCTAHOBUMCS HA JIBYX W3BECTHBIX
ciydagx. Ha HUX MBI TPOJIEMOHCTPUPYEM METOJIbI aHa-
Jin3a, KOTOPbIe Oy/IeM WCIIOIb30BATh B JAJIbHEHIIEM.
CHayaJia pacCMOTPUM IIPeoOpa30BaHue KOOPIMHAT, CO-
OTBETCTBYIOIIleE PAaBHOMEPHOMY HPSIMOJIUHENHOMY JIBU-
xkenuro cucreMbl orcuera B CTO. Ha meM MbI mokazkem
KakK Ipeodpa3soBaHusg KOOPAWHAT MOXKHO IOJIYUUTb, UC-
X0/ W3 ypaBHEHUI CTPYKTYPbI TPYIIIBI 9THX MIPeodpa-
30BaHUIl.

1 3aTem paccMOTPUM ITOBOPOT B F€OMETPUIECKOM ITPO-
CTPAHCTBE OTHOCHUTEJHLHO IIPOM3BOJLHON ocum Ha (UK-
cHpoBaHHbIi yrog. Ha 3TomM mpuMepe MBI MOKAXKEM
KaK yKa3aHHBII IIOBOPOT BbIpayKaeTCsl depe3 MOBOPOTHI
B Tpex Oa3UCHBIX IJIOCKOCTIX. DTOT MpPHEM HaM IIOHa-
JOOUTCsT 71T BBIBOJIA ITPE0OPa30BaHUil pABHOYCKOPEHHBIX
JIBUKEHUIA.

1. PaBHOMepHOE NMPSMOJIMHEHHOE ABUXKEHUE
cucremsbl ordyeta B CTO

ITouck npeoGpa3oBaHus KOOPJMHAT B ITOM CJlydae
HIPOJMKTOBAH TEM, YTO HONBITKY OLPEJIEC/UTh JBHKEHIE
sabopaTopun (CHCTEMBI OTCYETa) OTHOCHTEIHHO CBETO-
BOIl gacTuIpl okasaanuch GesycrnemsbiMu. OH OCHOBaH Ha
[PEJIIOJIOKEHNHN, UTO CYIIECTBYET TAKOE TEJIO — CBETOBAs
4acTulla, KOTopad JIBUXKETCH C OJIHOU M TOU 2Ke CKOpO-
CTBIO (C) HE3ABUCHMO OT TOI'O M3 KAKOil CHCTEMbI 0TCYeTa
9TO JIBUXKEHNEe PACCMATPUBAETCS] — CUCTEMBI oTcyera K
nma K’ nemxymeiica ornocurensao K. To ecrs, ms
CBETOBOIl YaCTHIIBI BBITOIHSAIOTCS COOTHOIIEHUS

dx dx’

=4 =~ =4
dt . dt’ ¢

HE3aBUCUMO OT CKOPOCTH JBUKEHHUS" CUCTEMBI OTCUETa
K’ ornocurensno K. Orciona cieyer, 9To 11 CBeTOBOI
YaCTUIbI JOJIPKHO BBITIOJIHATHCS

Adt* —dx? = (dt')? — (d')? = 0.

Boustee Toro, DUHIITENH IPEIOIOKUI, YTO IPH OIUCA-
HUW JIBIDKeHns Tesia B (He 0653aTeIbHO CBETOBOM YacTu-
I[BI) OTHOCUTENIbHO cucteM orcueta K u K/ umeer mecto
yCJIOBHE

*31ech t 1 T COOTBETCTBEHHO KOOPAMHATA BPEMEHU U KOOP-
/ !
JMHATa IOJIOXKEHUs Tesia B cucrteme orcuera K, a t' u z' —
TaKue ¥Ke KOOPAMHATHI, HO JJI CHCTeMBbI oTcueTa K’



AZdt? — dx® = 2 (dt')? — (da')?. (2)
To ectb, BeTuauHa
(dz®)? = ¢ dt* — da?

SIBJISIETCS MHBAPUAHTOM BBIOOPA CHUCTEMBI OTCUETA MPH
onMcaHWuM JBUXKeHus tena. * WHade: mapamerp c siBjis-
ercs pyHJTAMEHTATBHON KOHCTAHTON TP ONIMCAHWN JTBU-
JKeHHs Tejia (He TOJIbKO YaCTUIIBI CBETA).

Bameuanne: B ciayuae CTO mbl uMeeM JBe CHCTEMBI
orcuera K u K’ B KaxJ10i1 U3 KOTOPBIX JeHCTByeT CBOS
IrpymIa NepeHoCcOB, CBOU 3aKOH CJIO?KEHUA BEKTOPOB, CBOM
XOI BpeMeHH. Ul yCTaHOBUTH CBSI3b MEXKIy HUMH Obl-
JIo ObI HEBO3MOXKHO, €CJin ObI He CYIIeCTBOBAHUE CBETO-
BoOit wacturpl. Ho Tak Kak CONIACHO MCXOJHOMY TOCTY-
JIATy JIBUKEHWE CBETOBOW YACTHIBI HE 3aBUCHT OT JIBU-
JKEHUSI CUCTEMBI OTCUYETA, TO ITO JBUKEHNE MOXKET OBITH
UCIIOJIB30BAHO JIJIsi COTJIACOBAHMsI TPYIII MEPEHOCOB, 3a-
KOHOB CJIO’KEHHUsI BEKTOPOB, XOJla BPEMEHH B CHCTEMax
orcuera K m K’ wm pemenust 3ajauu CrenuaabHOR Teo-
pUE OTHOCHUTEILHOCTH — yCTAHOBJIEHUsI TIPEOOPA3OBAHUS
KoopauHAT Teaa B B cucreme orcyera K’ B KOOpAMHATEI
9TOrO Tejia B cucreMe orcyera K.

Bamady crenuasbHON TEOPUH OTHOCUTENTHHOCTH B Pac-
CMATPUBAEMOM CJIY9Ia€ MOYKHO PEIUTh TaK.

ITycTh mMeeT MecTO TpyIna JMHEHHBIX TPeodbpasoBa-
uuii mudpdepenrmanos Bpemenu (dt') u Bekropa (dz’)
cucremnbr orcaera K' B muddepennnanst spemenn (dt)
u BekTopa (dx) cucremsr orcuera K. 3amasmum 3Tu mpe-
00pa3oBaHusl B CJIEJYIONIEM BH/IE

|ldz|| = V{|da']],
V=V.V,

rJie BbIpakeHnue Buja ||dz|| ato crosnber n3 nuddepen-
muanos cdt n dr, a V, V, V' — marpunpr npeobpaso-
panwuit. Iy Toro, 9T00BI MpeobpazoBaHne V COXPAHSIIO
(dx°)? (umade roBops, YA0BIETBOPIO YCI0BUIO (2)), OHO
JIOJIZKHO OBITH NMOGOPOTNOM B IICEBIOEBKJIMIOBOM ILIOCKO-
cru (cdt,dz). To ectb, HEOOXOIMO MOJIOKUTH

cosh V¥ | sinh ¥

V= sinh ¥ | cosh ¥

cdt =cosh¥c(dt) +sinh ¥ (dz)’, 3)
dx =sinhVc(dt) + cosh ¥ (dz)’,

rime U — yroj moBopoTa B YKa3aHHON ICEBIONIOCKOCTH.
IIpudeM 3TOT yroy Kak-TO CBSI3aH C ITapaMeTpPaMu JIBHU-
JKEeHHUsI CHcTeMbl orcdera K’ OTHOCHUTEILHO CHCTeMbl OT-
cuera K. Tlocse 1mojcTaHOBKY BBIpaxkeHus (3) B JIEBYIO

*OTOT KBaJpaT WHTEPBAJA SBJAETCS YACTHBIM CJIydaeM
KBaJ[paTa UHTEPBaJa B IPOCTPaHCTBe—BpeMeHH Jjentona (1)

4aCTh BbIpazKeHus (2) MOJIYyYUM IPABYIO YACTh ITOrO BbI-
paxkenusi, npudeMm yroi ¥ MCKIII0O9aeTcst U3 BBIPAYKEHUsT
quist (do®)2. D1o u o3navaert, uTo yciaosue (2) He 3aBUCUT
OT apaMeTpPOB JIBUKEHHUS CUCTeMbI orcuera K.

Jlajiee HaM HEOOXOJIMMO YCTAHOBUTH CBSI3b MEXKJIYy YI-
jgoM ¥ u nmapaMeTpaMu JBUKEHHA CUCTeMbl orcueTa K'.
JLj1si TOr0 PACCMOTPHUM TY YacTh u3MeHeHus audepen-
[IMaJjI0B KOOpAWHAT cdt u dx, KOTOpas BbI3BAHA M3MEHE-
HueM yriia ¥ o 10 peIioIoKeHNIO, CJIe/I0BATEIbHO, U3~
MeHeHUueM IIapaMeTpPOB JBUZKEHNA CUCTEMbI OTCYETa KI:

S||dz|| = 6V ||dz']|.
V4auTeiBasd, 94TO
llda’|| = V™ [|dz]],
3AIHIIEM
ol|del| = (6V V) [|dz]|.

DTO ypaBHEHIE HA30BEM YPABHEHUEM CMPYKMYPbL TPYTI-
bl TTpeobpaszoBanuit KoopauHaT. /Jlasiee paccMoTpum
KaK C IIOMOINBIO YpaBHEHUsI CTPYKTYPhI MOXKHO IIOJIY-
quTh mpeobpasoBanus Jlopermna. B ciemyromux pasie-
sgax Jleknum Mbl OyZeM HCIOIB30BATH STOT IPUEM I
BBIBO/[a OOJTee OOIIUX MTPeoObpPa30BaHNMIA.

Urak, B HAIIIEM CITyvae

-1 sinh ¥ | cosh ¥ coshV¥ | —sinh W
VV =0V cosh W |sinh ¥ | | —sinh U | cosh ¥
1
=0V T
n
codt =6Vdx, (4)
odr =0V cdt.

Ucrosib3yst 5T COOTHOIIEHUS, BEIYUCIUM Ty YaCTh U3~
MEHEHUsI CKOPOCTHU JBUXKEHUsI Tejia B OTHOCUTEIbHO CH-
crembl oTcueTa K, KOTOpasi BbI3BaHA M3MEHEHUEM I1apa-
METPOB JIBUKEHUS CUCTEMBI oTcueTa K', CBABAHHBIX C
yraom U.

de _ddv - odr
dt  dt Tz

Yunresas (4), noxyanm

5%:5\1/ (1—”—2) . (5)

Orcrona nmeeMm
v =c tanh(¥ + '), (6)

rze 1’ — IMOCTOAHHAS WHTEIPUPOBAHHA. DTO COOTHOIIE-
584(S] 6yﬂ€1\l HUCTOJIKOBBIBATH CJIEAYIOIINM 06pa30M. By,U,eM
nojiarath, 910 ¥ = (0 COOTBETCTBYET CJIyYalo, KOrJa CH-
creMa OoTcYdeTa K/ HEeIIOABU2KHa OTHOCHUTEJIHbHO CHUCTEMDbI



orcdera K W COOTBETCTBEHHO CKOPOCTDL Tejia, B oTHOCH-
TeJIbHO CUCTEeMbI oTcueTa K paBHA ero CKOPOCTU OTHOCH-
TeJILHO cucTeMbl oTcdeTa K’ To ecThb

v =c tanhvy’ =’

Korza yron 1/ = 0 ckopocTh Tea B OTHOCUTE/ILHO CH-
creMbl orcyera K’ paBHa HYJIO M COOTBETCTBEHHO €IO0
CKOPOCTb OTHOCHTEJILHO CHCTEMBI OTcueTa K paBHa CKO-
POCTH JBUZKEHHUS CUCTEMBI oTc4eTa K’ OTHOCHTEILHO CH-
creMbl oTcuera K, TO ecThb

v=ctanh V¥ = v.

B pesynbraTe MBI PEITAIN MOCTABICHHYIO 3aJaTy: YTOJ
U CBA3aH TOJBKO CO CKOPOCTBIO JBHUKEHHS CHCTEMbI OT-
cuera K’ u ciegyiomum ob6pazom

v=ctanh . (7)

Bameuanune: B pacCMOTPEHHOM BBIBOJE yroJt 1)) — 1o-
crosiHHast nHTerpupoBanus. CjenoBaTe/bHO, B paccMaT-
PHUBaEMOM 3aKJIIOYECHUN

v/ = ¢ tanh®)’ = const.

To ecThb, paccMOTPEHIE OTHOCUTCH K CJIYIai0, KOTJA CKO-
POCTB JIBH2KEHUS Tejla B 0THOCUTEIbHO CUCTEMBI OTCUETa
K’ mocrosHHa, TO €CTh, TeJI0 B JIBMXKeTCS OTHOCHTE b
Ho cucreMbl orcdera K’ pasnomepno. Takum oGpazom,
HECMOTPS HA TO, 9TO M3HAYAIBLHO MBI HE MPEIIOIATAJII
JBUIKEHHNe Teja B OTHOCHTEeIBHO cHCTeMbl orcuera K’
PaBHOMEDHBIM, JlaJjiee TIPH UCIIOJIb30BaHNK (7) MBI JIOIXK-
HBI 3TO JIEJIATh.
Tenepn, uctonb3ys (7), noaydum
L smmo=_—"

v2 v2

coshV¥ =

Hckomoe cooTHorernne Mexy uddepenmaiaMu Koop-
nuHaT Tesa B B cueremax orcuera K m K’ mpumer Bun
peobpaszoBanmit JIoperta

. dt' + % da’ vdt' + dx’
V1-% 7 V1-% '

A us (6) cjenyeT 3aKOH CJIOXKEHUsI CKOPOCTell B clienu-
AJIBLHOIl TEOPUU OTHOCUTEILHOCTU DIHINTEHHA,

(®)

v+ v
- v’
DTOT 3aKOH KOPPECIOHAMPYETCS C Ipeodpa3oBaHUEM

muddepeHnmraToB KOOpauHaT u spemenn. JleiicTrBures-
HO, u3 (8) uMeeM

de  wvdt' +da’ v—!—‘flf,l
dt  dt' + Zda’ 14 Y de

ez dt’

Tereps paccMOTPUM MOBOPOT B TPEXMEPHOM I'€OMETPU-
YEeCKOM IIPOCTPAHCTBE OTHOCUTEIHHO IIPOU3BOJILHOI OCH.

2. IToBOpOoT B TPEXMEPHOM IPOCTPAHCTBE
OTHOCHUTEJILHO [IPOU3BOJIBHOM OCH

PacemorpuMm kBajpaT JIHHBI F€OMETPUIECKOIO BEKTO-
pa ¢ xkoopmuHaTamu da’, dx?, dx3
(ds)? = (dz')? + (da?)* + (dz*)?.

DTa BeJIMYNHA SIBJISETCS] MHBAPUAHTOM BHIOOpA CUCTEMBI
oTcYeTa MPU ONHMCAHWK IOBOpOTa Teja. [loBopor B mpo-
crpaHcTBe IuddepeHIaaIoB BEKTopa

ldz|| = U - [|dz"]]

COXpaHSAeT KBAIPAT IJINHBI BEKTOpa. B 9acTHOCTH, MaT-
puria opopota B 1wiockoctu (dzt, dr?) umeer Bu

cosa |sina
U =|—sina|cosa

1

MaTpHIa moBopoTa B miockocTn (dx?, dr') mveer Bux

cosfB| |—sing
13 _
U = 1 ,
sin 3 cos 3
2 7.3
MaTpUIa I0BOpOTa B mockoctu (dx®, dr?) nmeer By
1
U2 = cosvy |sinvy
—siny | cos 7y

[lnockocru (dxt,dz?), (dx3,dz'),(dz?,dz3) Gynem ma-
3bIBATb OA3UCHBLMU U COOTBETCTBEHHO IIOBOPOTHI B 3TUX
mnockocTax UL, U3, U3? raxxke Haz0BEM 6a3UCHOIMU.

IIpoussonbHoe mpeobpasoBanme U, coxpaHsIolee
KBaJpaT JJIMHBI, MPEJCTaBJsieT coDOil MOBOPOT B MPO-
M3BOJILHOI ILJIOCKOCTH B TPEXMEPHOM IIPOCTPAHCTBE
(do',dz?, dx®) ma yron 6. dro npeobpazoBanue yI0B/Te-
TBOPSIET YCJIOBUSIM

U6y +62) = U(01) - U(62) 9)

U(0) = A

— eIMHUIHON MATPHIE (10)

Iponuddepennupyem ypasuenue (9) 1o 61, nocse dero
ITIOJIO2KNM

0, =0
U BBEJIEM ITepeoDO3HATEHIE
0 =0.

Tlomyamm *

*Tpu muddepentuposanuu 1o yriry auddepenual Gyaem
0603Ha4ATD J.



§U(0) =60 - Ko - U(6), (11)
rae
dU
Kog=—| .
0= 46 lo=o

DTa MaTpUIla HA3bIBAETCA MEHEPATOPOM ITOBOPOTA.
Vpasuenue (11) npu vagaabaom ycaosun (10) mosso-
JIZET 3AIMCATh MATPUILY [OBOPOTA B CJIEAYIONIEM BUJIE

U(9)Zexp(e'Ke)EA+%(9~K9)+%(9-K9)2+....

(12)

B uacTtHOCTHM BBIINIEyKAa3aHHBIM COOTHOIIEHUSIM YJIOBJIE-
TBOPSIOT Ga3UCHBIe MATpUILI HoBoporos U2, U3, U32,
VM cooTBeTCTBYIOT CilemyIOlne reHePATOPhI IIOBOPOTOB

1 —1
Ko=[-1 ) K/B = y K’y = 1
1 -1

DTu reHepaTophl OyaeM HA3bIBATH MeHepaTopaMu Oa3mc-
HBIX TIOBOPOTOB. [e€HepaTophbl IMPOU3BOJILHOTO TIOBOPOTA
MOI'YT OBITh BBIPAXKEHBI Yepe3 reHepaToOphbl 0A3UCHBIX TI0-
BOPOTOB

Ko=C"Ko+CPKs+C"K,. (13)

Brecs C*, CP, C7 — Tax Ha3bIBaeMble HAIIPABIISIONIHAC
KOCUHYCBI, IIOCTOSTHHBIE BEJIMYUHDI, ONPEIEJIAIONIAE 10-
JIOYKEHME TIPOU3BOJILHON MJIOCKOCTU OTHOCUTEIBHO Ga3mc-
HBIX TJI0CKOCTel. OHU YIOBIETBOPSIOT YCJIOBUIO

(€ +(C +(C) = 1.

Ucnonb3yst coorHorenne (13), 3amuimem rerepaTop mo-
BOPOTa B IIPOU3BOJILHON MJIOCKOCTH

ce [—CP
Ko =[—C7 7
cP =7

3uag reneparop Ky, na ocHoBanuu (12) MOXKHO BbIYHC-

JIUTHL MATPUILy [OBOPOTa B IPOM3BOJILHON ILJIOCKOCTH.
Tak kak

3 4 2

(Ko)* =—Ky, (Kq)"=—(Kp)",

TO 9Ta MATPHUIA BBIPAXKAETCH UY€pPe3 TPUTOHOMETPUUIE-
ckne QYHKIIN yriia 6

U=A+(Kp)? — (Kg)? cos + Ky sin 6.

Nan
1 (07)2 —1] CcvC~h —CceC”
U= 1 + cPCcY (05)2 —1| =CBC~ —
1 cee ceCcP (CO‘)2 -1

(CM?2 -1 CCP | —CceC
- CPC7 [(CP)? —1] —CPC* |cos® +
cre” coCcP [(C*)?2 -1
ce [-CP
+ |—-C~ C7 |sind.
CP|-Cv

Nrax, MBI paccMOTpeIH JIBa BOIIPOCA,

e BbIpaskeHHe MATPHUIIBI IPeoOdpa3oBaHUil Yepes Ia-
paMeTphl ABUKEHUS CHUCTEMbLI OTCYeTa Ha, OCHOBa-
HUW ypaBHEHUS CTPYKTYPBI IPYIIBI Tpeodpa3oBa-
HUI,

® BbBIYHCJIEHUE MaTPHUIbl IIPOU3BOJIbHOI'O IIOBOPOTa
qepe3 MaTpUllbl 0a3UCHBIX IIOBOPOTOB.

Terepp BepHeMCs K HAIlell MpOrpaMMe U PacCMOTPUM
CHadvaJIa IPAMOJITHEHOEe YCKOPEHHOE JIBUKEHHUE.

II. IPAMOJIMHEMHOE YCKOPEHHOE
ABN>KEHUE

PaccmorpumM yacTHBIE BEKTOP B IPOCTPAHCTBE—Bpe-
MEHU JIEITOHA,

de = Eda® + & da' + Eycdt + 14T dv' .

MHOKeCTBO TAKMUX BEKTOPOB COCTABJISIET TTOTAJITEOPY aJI-
re6pbr Kitnddopaa C4, KoTopyro HazoBeM ajiredbpoii mpsi-
MOJIMHEHHBIX YCKOPEHHBIX JIBMKeHuit. Jjist KBaipaTa uH-
TepBaJIa ITOr0 BEKTOPA MMEEM

(dz®)? = 2 dt* — da® — T? dv?. (14)

3ameuanre. K TakoMy BuIy KBajpara WHTepBaJa
MOXKHO TIPUUTH U3 JAPYTUX, OoJiee OOIIMX COODparKeHwmil.
B CTO umeer mecTo cooTBETCTBHE MEXKy TEPBOI IPO-
U3BOJHOI OT (byHKIuM x(t) U yIIoM IIOBOPOTa 1) B IICEB-
Jortockoct (x,t) cucremel orcuera. CiieicTBueM 3T0-
IO COOTBETCTBHUE SIBJISIETCSI COOTBETCTBHE MEXKJIy 3aKO-
HOM KOMIIO3UIINU B MIPOCTPAHCTBE MMPOU3BOMHON TO €CTh
MEKJy 3aKOHOM CJIOXKEHHsI CKOPOCTeHl M 3aKOHOM CJIO-
JKeHUsI yTJIOB B YKa3aHHOM IICEBJIOILIOCKOCTH. TPY/IHO
[IPEJICTABUTDH cebe, 9TO TAKOTO POJIa COOTBETCTBUE MMEET
MECTO TOJIBKO JIJIsl I€PBOii IPpOou3BOAHON dx/dt u He nme-
€T MeCTO JIIsl IPOU3BOJIHBIX BBICIIEro mnopsijka. C aToit
TOYKHU 3PEHUsl JOJIZKHO OBITH COOTBETCTBUE MEXKJLY IIPO-
u3BOIHON dv/dt W yrjioM IIOBOPOTa B ICEBIOILIOCKOCTH
(v,t). CiencTBHEM TOrO COOTBETCTBHE JIOJKHO ObITH
COOTBETCTBHE MEXK/[y 3aKOHOM KOMIIO3HIINU B IIPOCTPAH-
CTBE BTOPOH IPOM3BOJIHON TO €CTh MEXKJIY 3aKOHOM CJIO-
JKEHUsT YCKOPEHUI U 3aKOHOM CJIOYKEHUsI YTJIOB B yKa3aH-
HOI1 IICEBJIOIIJIOCKOCTU.

BaMedyaHme: €Cam I0J, CKOPOCTBIO N-To mopsaka v(™)
nospasymesats d'x(t)/dt" n umers B Buy, wTo v =



do™=1) /dt, TO cielyer OXUIATb, YTO CYIIECTBYET CO-
oTBercTBEEe Mexk Iy v(™ U yIIIOM MOBOPOTA B ILTOCKOCTH
(0™ 1).

Opnnako, B pamkax maremarudeckoro ammapara CTO
Mog00HOEe PacCMOTpeHne HEeBO3MOXKHO.  Heobxomgumoe
06o06mmenne CTO 3akiouaercs B cieiyromeM. Hapsi-
ny ¢ dynkipeit z(t) Oymem paccmaTpuBaTh (DYHKIUIO
v(t) = dx/dt. B cooTBeTCTBUU C BBINEIPUBEICHHBIMU
coobpaxkenusamu Ha muddepenimanax dt, dr n dv mo-
CTPOMM BEKTODHOE IIPOCTPAHCTBO, HA KOTOPOM BBEJIEM
KBaJIpaT MHTEPBAJA

(dz®)? = ? dt* — da* — T? dv®.

3nech nocrosinnast ' coryacyer pa3MepHOCTb dv ¢ pas-
MEPHOCTBIO JINHEITHOIO 3JIEMEHTa U MMeeT pa3MePHOCTh
BpeMenu. Takum 06pazoM, MbI MPUILIA K BBIPAYKEHUIO
(14).

B wactHOM ciyvae, Korjma m3MeHEHWEM CKOpPOCTH dv
MOXKHO TIpeHebpedb paccMaTpuBaeMblii mHTepBas (14)
cBomurcs K maTepBasty CTO. Hasee paccmorpum cirefr-
CTBWsI, BBITEKAIONINE U3 WHBAPUAHTHOCTH KBaJpaTa WH-
repBasna (14).

1. /IBu>keHne CBETOBOM YaCTUIIbI

CuauaJia ciesaeM cieaymomlee 3amedanue. Crenualib-
Hasl TeOpHUsi OTHOCUTEbHOCTH DUHINTEiHA pacCMaTpUBa-
€T CBETOBYIO YaCTHUILy KaK TOYKY, IBUKYIILYIOCS CO CKOPO-
CTBIO C ITO OTHOIIEHWIO K JII000H MHEPIHAJILHOI cucTeMme
oTcYyeTa U He PacCMaTPUBAET IIPOIEeCChl BO3HMKHOBEHU
U UCYE3HOBEHUsI CBETa, HADJIOMAEMbIE B JIEHCTBUTE/IbHO-
cru. Kmmemarmiyeckm Takme MPOIECCHl MOYKHO TIPEJICTa-
BHUTD cebe KaK YCKOPEHUE CBETOBON YaCTUIIBI IO CKOPOCTH
¢ ¥ 3aMeJIJIEHUE ee JIBUKEHUsI OT CKOPOCTH C JI0 Hyss. A
Terepb BepHeMcs K unrepsay (14). ITorpebyem, 94To0bI
JIJIsE CBETOBOI YACTHUIIBI STOT MHTEPBAJ OBLI PABEH HYJIIO
HE3aBUCUMO OT CHCTEMbl OTCYeTa, U3 KOTOPOil OH pac-
CMaTpUBAETCS

A dt* —dr? —T? dv? = ¢ (dt')? — (do')* = T? (dv')? = 0.

W B npyroit dpopme

3nech

de o d
dt’ Tode

— CKOPOCTh CBETOBOIl YACTHUIBI B PA3JIMYHBIX CHCTEMAX
orcuera,

dv , dv

bk a =

dt’ at’

— YCKOpEHWE CBETOBOI JaCTUILI B PA3INIHBIX CHCTEMAaX
OTCUeTa,

— IIOCTOsIHHASI BEeJIMYMHA, UMEIOIIasi Pa3MEPHOCTDb YCKO-
peHus.
WNuadge rosops, ycioBue

02—v2—c—a220, (15)

a BMeCTe C HHIM CKOPOCTb ¢ U YCKOpeHHe A He 3aBHCIT
OT CKOPOCTU M YCKODEHHUsI CHCTEeMbI OTCYUeTa, U3 KOTO-
poit Habsomaercs cBeroBas dacTtuia. OdUeBHIHO, YTO
CKOPOCTB JIBUXKEHUSI CBETOBOI YACTUIIBI HE MOXKET IIpe-
BBIIIATH 3HAYEHUE C, 8 YCKOPEHUE CBETOBOM YaCTUILI HE
MOXKET IpeBbINaTh 3Hadenne A. Yeiaosue (15) ssisercs
ecrecTBeHHbIM 00001mernem yejopus CTO st aBuxke-
HUS CBETOBOUW YaCTUIIBI

VYpasuenue (15) HA30BEM YpasHeruem JeuHCEHUS CEEMO-
60l vacmuuys,. VIHTErpupoBaHUe 3TOrO ypaBHEHUS ITPU-
BOJIUT K CJIEIYIONIAM JIBYM 3aBUCHMOCTSIM CKOPOCTH CBe-
TOBOM JaCTHIBI OT BPEMEHN

v = *c,
vg = £e cos(t/T + C1),

riae C] — MOCTOSIHHAS WHTETPUPOBAHUSI.
[Ipu nocsemayromneM HHTErPUPOBAHUH HOJIYIUM JIBE 3a-
BUCHMOCTH KOODJIMHATHI CBETOBON YaCTUIIBI OT BPEMEHU

T = iCt—l—O()l s
To = R sin(t/T—|— Cl) —|-002,

rne Cy, u Cy, — nmocrossHHbIe HHTErpuposanus, R =cT.

Orciozia clieyeT, 9T0 BO3MOXKHBI J[Ba BUJIA JIBUXKCHUSI
CBETOBON dYaCTHUIBI. B mepBoM ciiydae OHa JIBUXKETCS
MPSIMOJTMHEHHO ¥ PABHOMEPHO CO CKOPOCTBIO €, BO BTO-
POM CjIydae CBETOBasl YaCTHUIA COBEPIIAET KOJebaTelb-
HOe JIBIDKEHHE BJIOJIb IpsiMoii B uHTepBase [R + Cy, R —
Cy]. B momentst sBpemenu t/T+Cy = 7 n, vae n — 1eJoe,
CKOPOCTB CBETOBOH 9aCTHIIBI IIPU KOJIEOATETLHOM JIBUAYKE-
HUU paBHA ¢ U MOXKHO IIPEJICTABUTH, YTO B 9TU MOMEH-
ThI BpDEMEHHM BO3MOYKHO M3MEHEHUE BUJIA JIBUMKEHUS CBe-
TOBOI YaCTHUIIBL: KOJIebaTeIbHOe JIBUKEHUE MTEPEXOUT B
MIPSIMOJIMHETHOEe paBHOMEPHOE 1 HA0OOpPOT. Tax MOXKHO
NpeICTaBUTD cebe MPOIEeCC BOSHUKHOBEHUS U UCYE3HOBE-
HUsI CBETA.

Takum o0b6paszoM, B MPOCTPAHCTBE—BPEMEHU JIETITOHA
JIBI2KEHIE CBETOBOIN YaCTHUIIBI TPHOOPETAET HOBBIE Katie-
CTBa

1. cBeroBas JaCTUa MO2KET JIBUTaThCA YCKOPEHHO;

2. cymiecTByeT IpejiebHOe yCcKopeHue A, ¢ KoTopbiM
MOKET JIBUTAThCsl CBETOBasl YaCTUIIA;



3. CKOPOCTDb ¥ U YCKOPEHUE 4, ¢ KOTOPBIMH JIBHKETCS
CBETOBas YaCTHIA, HOMUUHAIOTCA ypaBHeHuo (15);

4. ykazaHHoe ypaBHeHWe, a BMeCTe€ C HUM CKOPOCTH
¢ M ycKopeHne A He 3aBUCIT OT CKOPOCTH U YCKO-
pEeHus CUCTEMBI OTCYETa, U3 KOTOPOI HAOJII0TaeTCs
CBETOBasl YaCTUIQ;

Pasymeercsi, riaBHBIM KpUTEpHEM MTPABUJIBHOCTHA CHOP-
MYJIMPOBAHHBIX MOJIOXKEHUI Oy/1eT oOHAPYKEHHEe y CBeTa
YKa3aHHbIX CBOUCTB.

2. Hayano aBu>keHusi. 3aKOH CJIOXKEHUsI YCKOPEHUI

Paccemorpum citygaii, oTHOCSIuiics K Hadaly YCKO-
PEHHOrO JBUYKEHUsI, KOTJa U3MEHEHUEM TeOMETPUIECKO-
O CMEIEHNsT Tela MOXKHO TpeHedpedsh *, a M3MeHeHHhe
CKOPOCTHU TeJia CyIecTBeHHo. [yt 9Toro cirydast KBaJi-

par uaTepsaia (14) yupomaercs 10
(da®)? = 2 dt* — T? dv?.

SamaauM JuHEHbIE TPeoOPa30BaHUsT KOOPAUHAT B CJIe-
JIYIOIIEM BUJIE

||dz|| = A{|d2"],
A=A-A,

rjie BbIpakeHnue Buja ||dz|| aTo crosnber n3 nuddepen-
muanos cdt u T'dv, a A, A, A’ — maTpunp nmpeobpaso-
panwmit. /I Toro, 9T0OBI Mpeobpa3oBanne A COXpPaHIIO
(dx°)?, oHO JOTIKHO GLITH N060POMOM B TICEBTOEBKITHIO-
Boit mnockoctu (cdt, T dv). To ectb, HEOOGXOIMMO TOJIO-
JKUTH

cosh ¥ | sinh &

A= sinh W | cosh ¥

cdt = coshWcdt +sinhW T dv',
Tdy =sinhUcdt + cosh ¥ Tdv' | (16)
rie U — yrosl moBOpPOTa B YKA3aHHOM IMCEBJOILIOCKOCTH.
IIprdeM 9TOT yros Kak-To CBA3aH C HapaMeTPaMH JBU-
JKenus Teda. Jlajgee HaM HEOOXOOUMO YCTAHOBHUTDL ITY
cBsA3b. JIJIg 3TOTO PAcCMOTPHM ypaBHEHHE CTPYKTYPHI
I'PYIIILI TPeobpPa30oBaHTii KOOPIUHAT

3l|dz]| = (JA A [|dz]]

rie

sinh W | cosh ¥
cosh ¥ | sinh &

cosh ¥
—sinh ¥

—sinh ¥
cosh ¥

SAAT =60

*To ecTh MOXKHO HOJIOXKUTE dr = da’
TCmorpu Pazmen 1.1.

1
= U
pe3yﬂbTaTe HO.Hy‘H/Il\/I
codt =6V Tdv,
Todv = oW ecdt. (17)

Ucnonp3ys 911 COOTHOIIEHNS, BBIYUCIUM TY YaCTh U3~
MEHEHWsI CKOPOCTH JIBUYKEHUsI Tesia B OTHOCUTETHLHO CH-
creMbl oTcueTa K, KOTOpasi BbI3BaHa M3MEHEHUEM Iapa-
METPOB JIBUKEHHUSI CUCTEeMBI oTcueTa K’', CBA3AHHBIX C
yraom U.

dv  ddv odt

@ ar Wz

YuureBas (17), nomyanm

a CL2
b =00 (1 - ﬁ) : (18)

31ech BBEIEHBI 0O03HAYCHUST

dv c

dt’ T
Orcroia UMeeM COOTHOIIEHNE MEXKJy YCKOPEHUEM W yT-
gom ¥

a= A tanh(¥ +¢'), (19)

rje ¢’ — MOCTOsTHHASI MHTErpUPOBaHus. BymeMm mosarars,
qro ¥ = 0 COOTBETCTBYET CJIy4aro, KOI/a CUCTEMa OTCUe-
Ta K’ HeNoNBUKHA OTHOCHTEJHHO CHCTEMBI oTcueTa K
U COOTBETCTBEHHO YCKOpeHUe Tejia B OTHOCUTEbHO CH-
creMbl oTcuera K paBHO €ro yCKOPEHUIO OTHOCUTEIHLHO
cucrembl orcdyera K’, To ecThb

a= A tanhvy’ =d'.

Korzma yron ¢ = 0 yckopenume Teqa B OTHOCHTE b
HO cHuCTeMbl oTc4era K’ paBHO HYJIO M COOTBETCTBEHHO
€ro yCKOpEeHNe OTHOCUTEJIBHO CUCTeMbl orcuera K paBHO
YCKOPEHUIO JIBUKEHUST CUCTeMBI oTcaera K/ oTHOCHTE b-
HO cucTeMbl orcdyera K, TO ecTh

a=Atanh¥ = a.

B pesyabraTe Mbl permmin mOCTABICHHYIO 33a9y: YIOJI
U cBsI3aH TOJIBKO C YCKOPEHUEM JIBUKEHUS CUCTEMbBI OT-
cuera K' u creyromumm o6pazom

a=Atanh V. (20)

3ameuanue: B PacCMOTPEHHOM BBIBOJE yroa i’ — 1o-
crosinaas naTerpupoBanus. Ciie0BaTeIbHO,

o = A tanhv’ = const .
Tenepn, ucnoansys (20), mosydum
1

cosh¥ = —, sinh ¥ =

1-2; AyJ1— 9%



Wckombie cooTmomennst Mexk ity muddepennuagaMu Ko-
opauHar Tena B B cucremax orcuera K m K' npumyr
BUJL

dt' + & T dv/ L d
dt:M7 gy = QA +dvt (21)

1- 2 V1- %
K #uMm myxHO 100aBUTH paHee MPUHATOE
dr = dx’.
IIpu A — oo mosryunm mpeobpasoBanne HeroroHa

dt = dt’
dx = dx’
dv=adt +dv

U3 (19) cienyer 3akoH CJIOXKEHUS YCKOPEHUI

a+a

1+eg

DTOT 3aKOH KOPPECHOHJIUPYETCsT € Mpeobpa3soBaHUEM
TudOEpPEHINaIoB CKOPOCTH U BPEMEHU.

3. CocraBHOE JBUXKEHUE

C 1esbio yrpoleHus JaJbHEeHInx npeodpa3oBaHmii
nepeiiiem K Oe3pazMepHbIM KoopaumHartam. Jljiast sToro
kBajpaT naTeppana (14) pasmennm Ha R? W BBITOJHEM
CJIe/IyIOTIHe TTepeobO3HATEHIST

dx®

A iy dz dv

ﬂ—>dt, E—>dm, ?—>dv.

T

Tloryamm KBajipaT MHTEpBaJIa B CJIEIYIOINIEM BUJIE
(dz®)? = dt® — dz® — dv?.

IIpu mepexone K Ge3pa3sMepHBIM KOODIUHATAM OyIeM
IIOJIB30BATBCA CICAYIOMUMEA OOO3HAYCHUAMA T, T, U, a
COOTBETCTBEHHO KOODAMHATA, BPEMH, CKOPOCTDb U yCKOPe-
Hue Tesia B oTHocuTesbHO cucTeMbl oTcuera K, x', t/,
v’, @’ KoopauHaTa, BpeMsl, CKOPOCTb B yCKOpeHue teja B
OTHOCHTEJILHO cucTeMbl oTcuera K', x, t, v, a Koopam-
HaTa, BpeMsl, CKOPOCTb I YCKOPEHHUE CUCTEMBI oTcueTa K
OTHOCHUTEJIBHO CHCTeMbI oTcaera K.
IToBopoT B mpocTpancTBe auddepeHITnaIon

ldz|| = U |da"||

COXpaHsieT KBaJ[paT MHTEpBaja. B YacTHOCTH, HOBOPOT
B ncesomiockocru (dzx, dt)

cosh ¥ | sinh ¥
V =|sinh ¥ | cosh ¥

COOTBETCTBYET DABHOMEDHOMY JIBIZKEHUIO CHCTEMBI OT-
cuera K'. TloBopor B ncesporockocru (dt, dv)

cosh ®
A= 1
sinh ®

sinh ®

cosh ®

COOTBETCTBYET YCKOPEHHOMY JIBUKEHUIO CUCTEMBI OTCYe-
Ta K'.

Tak Kak B 00IIEM CIydae IOBOPOTHI HE IEPEeCTaHOBOY-
HBI MeK Ty cob0ii, To nBuxkerne U = VA cucreMbl oTcue-
ta K’ my»xuo ormmuars ot geukenns U = AV cucrembl
orcuera K'.

Bynem rosoputh o cucreme orcdera Ki, mapamerpbl
JIBUKEHUS (CKOPOCTh, YCKOPEHUE) KOTOPOii OIpeie/IeHbI
OTHOCHUTEJILHO CUCTEeMBI 0TcueTa K| KaK 0 crcTeMe OTcde-
Ta, 8a0scennoti B K. Ha BIOXKEHHBIX cucTeMax OTCYeTa
BBEJIEM OTHOIIEHUE TIOPSAIKA, 3aaBaeMOe TTOPSIIKOM OT-
HOCUTEJILHOTO OIpeIeJIeHNs TapaMeTpOB JiBrxKeHus. Ha
Puc. 1(a,b) nokazanbl BJIOKEHHBIE CUCTEMbI OTCYETa, CO-
orBercTByiomue VA- n AV-IBUKEHUIO CHCTEMBI OTCIETa

K’, cooTBeTCTBEHHO.
(b)
K’ K’
K ]
K

J a
Ky

PUC. 1. (a) Cnyuait VA gsmxenus. CKOpOCTb v CHCTe-
Mbl oTcueTa K| 3ajlaHa OTHOCHUTEBHO CHUCTEMBI oTcuera K,
YCKODEHHUE @ cucTeMbl orcuera K’ 3a71aHO OTHOCHTEIBLHO CH-
crembl orcaera Ki. (b) Cayuait AV asmxenunsi. CKOpocTsb v
cucrembl orcyera K’ 3a/1aHa OTHOCHTEIBLHO CHCTEMBI OTCUETA
K1, yckopenne a cucrembl orcuera K1 3a1aHO OTHOCUTEIHHO
cucreMbl oTcuera K.

(a)
K
K

4. VA nBu>keHme cucrtemsnl orcuera K’

Paccmorpum moBopoT, KOTOPLIi 3a/1aeTcs MaTpUIIEi

cosh ¥ cosh ® | sinh ¥ | cosh ¥ sinh ®
U = VA =|sinh ¥ cosh ® | cosh ¥ | sinh ¥ sinh ®
sinh ® cosh @

Torma

dt = cosh ¥ cosh ® dt’ + sinh ¥ dx’ + cosh ¥ sinh ® dv’
dr = sinh ¥ cosh ® dt’ + cosh ¥ dx’ + sinh ¥ sinh ® dv’ ,
dv = sinh ® dt’ + cosh ® dv’ .

(22)
Jljist TOro, 9TO6BI YCTAHOBUTDL CBA3L MEKIy yriaamMu W

u ® u ckopocrbio v = dx/dt u yckopenuem a = dv/dt Te-
jga B, paccmorpuM m3meHenue TuddOEPeHInagIoB KOOp-



auHAT Tpu n3MeneHnn yrioB ¥ u @ ma ocnoBanum ypas-
HEHUH CTPYKTYPBHI:

8|ldz|| = (BUU™Y) ||dz]| .
B namem ciaygae U = VA u

S(UUY) = §(VA) (VA)~1
= (0VA+V35A)A~I V!
=§VVI+V(AAH) VL,

sinh ¥ | cosh ¥
OV =5V |cosh ¥ | sinh ¥

sinh® | |cosh®
0A = 6P
cos ® sinh ®
1 1
SVV~L =501 , SAAL =60

cosh ¥ | sinh &
V(SAAY) V™! =§®[sinh ¥ [cosh ¥

1
1 coshV¥ | —sinh ¥
. .| —sinh W | cosh¥
1 1
cosh W
=P sinh &
coshV¥ | —sinh W
1 cosh ¥
SUU =601 + 0P sinh ¥
cosh ¥ | —sinh &

Ucnonp3yst 9Ty MaTPHILY, Oy IAM

odt = U dx + cosh W dd dv,
ddr = 6 dt + sinh W o dv, (23)
ddv cosh WP dt — sinh U 6P dx .

ist Toro, 9TOOBI YCTAHOBUTH CBSA3b MeXK 1y yriaamu ¥
u ® u ckopocTbio Tenma B, paccmorpum guddepennna

6dx odx odt

a o ar ang
Ucnons3ys (23), mosydnm

6v =00 (1 —v?) +6® (sinh ¥ — v cosh®)a, (24)

rze BBejieHO obozHavdenue a = dv/dt.
st Toro, 9TOOBI YCTAHOBUTH CBSI3b MEXKIY yriaamu W
u ¢ u yckopenuem tesa B, paccmorpuM auddepennna

dv  ddv odt
= v .
(dt)?

dat — dt
Ucnonwsys (23), mosyanm
da=—avéV¥ + (cosh¥ (1 —a?) —sinh Wv) 6®. (25)

Coornomenns (22), (24) u (25) onpesensror mpeod-
pa3oBaHmUsI KOOPANHAT, OOOOIIEHHBIE Ha CIydail yCKOPEeH-
HBIX JBUKeHuit Tesia B u cucremsl orcuera K| 1 3aKOHBI
CJIOXKeHUsI CKOPOCTEeN U yCKOPEHUIA.

Hasee paccmorpum pemienusi ypasaenuit (24) u (25)
JTsl CIydasi, KOTJa CKOPOCTH Tejia B OTHOCUTEHHO CH-
crembl orcdera K’ pasha mymo. Ha Puc. 2 nokasanb
BJIOZKEHHBIE CHUCTEMbI OTCYETA, IOSICHSIOIINE TOT CJIy-
qaii.

Kl "

PUC. 2. BnoxeHnHble cucTeMbl OTCYETa JJIsi ciaydae VA
IBUZKeHHs cucTeMbl oTcaera K. CKOPOCTh ¥ CHCTEMBI OTCHe-
Ta K 3a7aHa OTHOCHUTEJLHO CHCTEMBI oTcdeTa K, ycKopeHue
a cucrembl oTcueTa K’ 3a7jaHa OTHOCUTEILHO CUCTEMbI OTCHE-
Ta K1, yckoperne a’ Teia B 33JaHO OTHOCHTETHHO CHCTEMBI
orcuera K', yckopenue a Tena B 3aJaHO OTHOCHUTETBHO CH-
creMbl orcyera K.

1. Baxon caootcenus cxopocmet

B coorBercreun ¢ Puc. la miss VA aBmkeHust ycko-
PEHHO IBIKYINALACS CHCTeMa oTcdera K’ He y9acTByeT B
OIIpeJIeIEHNN CKOPOCTH v cucTteMbl orcdera Ki. IlosTo-
MY B 9TOM CJIydae 3aKOH CJIOXKEHUs CKOPOCTEH He 3aBUCUT
ot yckopenusi. Ha Puc. 3 mokazaHbl BJIOKEHHBIE CUCTEMbI
oTCYeTa, TMOSICHSTONINE 3aKOH CJI0YKEHUST CKOPOCTEIA.



PUC. 3. BiioxeHHBIE CUCTEMBI OTCYETA JIJIsI CJIOYKEHUS CKO-
pocteit B cirydae VA gsmxenusi cuctembl orcuera K'. Cko-
POCTb V3 CHUCTEMBI OTCYeTa Ko 3a/1aHa OTHOCUTEIBHO CUCTEMBbI
orcyera K, ckopocTb v1 cucrembl orcyera Ki 3ajaHa OTHO-
CHATEJILHO CUCTEMBI OTCcUeTa K2, CKOPOCTh ¥ CUCTEMBI OTCUETA
K1 3amana OTHOCUTEIBHO CUCTEMbI oTcdeTa K .

B paccmaTrpuBaemMoMm citydae CKOpOCTh Testa B oTHO-
CUTEJILHO cucTeMbl oTcueTa K' paBHa HyJIO U COOTBET-
CTBEHHO €r0 CKOPOCTh OTHOCHUTEJIbHO CHCTEMbI OTCUETa
K paBHaA CKOPOCTH JBUXKEHUSA CHUCTEMBI oTcuyeTa Ki OT-
HOCHTEJIbHO cucTeMbl orcdera K, 1o ecth v = v. Takum
o6pasom, u3 (24) npu HauaabHOM ycsosun (U = 0, v = 0)
nMeeM

v=v=tanh V. (26)

Orciofa ciieryer 3aKOH CJIOYKEHUsI CKOPOCTEl, M3BeCTHBIH
U3 CIIelaJIbHOI T€OPUHU OTHOCUTEJIBHOCTH.

2. Baxon caoocenus ycrxoperud

Tak kax 1y VA nBuzkenust cucreMsl orcueTa K/ ycko-
peHEe @ YCKOPEHHO JBUXKYIIErocs Tesia B onpeesieHo 1o
OTHOIIEHUIO K PABHOMEPHO JIBUKYIIEHCS CUCTEME OTCUe-
ra K7 (cm. Puc. la), To 3aKOH CJIOKEHUsI yCKODEHUIA,
3alMCaHHBII 10 OTHOIIEHUIO K CUcTeMe oTcueTa K, 3aBU-
CUT OT CKOPOCTH JIBM2KEHHs cucTeMbl orcuera Ki. Pac-
CMOTDPHM CHadJaJIa CJIydaii, Korja cKopoctb v = v =0 n
U = 0. Ypasrenue (25) pu 3TOM CBOJMTCSI K

da = (1—a2) 0d.

Orcroma umeem cirydait, paccMoTperHbiit B Pasmene 2.2
)
Jlyist cKOpoCTH v, OTJIMIHON OT HyJisd, ypaBHeHue (25) ¢
yaeroM (26) U IPUHSITOTO YCIOBUS U = ¥ JAET

= /1 — 22 tanh(® + ¢').

ITocTosiHHYI0 UHTErpUpOBaHHUA ¢ OIPEIeUM U3 CJey-
Iomux coobpazkenuii. Byaem nonarars, uto ¢’ = 0 coor-
BETCTBYET CJIydalo, KOTJla YyCKOpeHue Tejia B oTHOCuTe b=
HO cucTeMbI oTcueTa K’ paBHO HyJIO U COOTBETCTBEHHO
€ro yCKOpeHUE OTHOCUTEJIbHO cucreMbl orcdera K (wmim
K1) paBHO yCKODEHHUIO JBUKEHHsI CUCTEMBbI orciera K’
OTHOCHUTEJILHO cuCcTeMbl oTcdyera K, To ectb a = a. U,
HampoTuB, Oyaem moJaratb, 9yro ¢ = 0 coorBerCcTByeT
CJIydaro, KOTJ[a YCKOPEHUE JIBUXKEHWsI CHCTEMBI OTCYeTa
K’ oTHOCHTENLHO crCTeMBI OTcueTa K paBHO HYJIIO U CO-
OTBETCTBEHHO YCKOPEHUE Tejia B OTHOCUTEILHO CUCTEMBI
orcuera K paBHO €ro yCKOPEHUIO OTHOCUTETHLHO CHCTEMBI
orcueta K’, To ectb a = a’. Takum obpasom,

=+v1—v2tanh®. (27)
=+4/1—(v')? tanh ¢'.

Ho B paccmarpuBaemom citydae cKopocTs Tesia B orHOCH-
TeJIbHO cucTeMbl oTcueTa K/ paBHa Hy/m0, TO ecTb v’ = 0,
TO3TOMY

" =tanh ¢’ .

U3 coornortenus, (27) ciaelyer 3aKOH CIIOKEHHs YCKOPe-
HUIT B 0OIIEM CJIy9ae, KOTJa CKOPOCTh ¥ CUCTEMBI OTCYETa
K’ ornuyna oT HyJIst:

;5 a+V1-— via

a=41—-v2 ———————.
Vv1—-v24+ad

Ilepexonst K pasMepHBLIM BeJIMYUHAM, Oy IIM
v2 7
v2 at/1—-—"7a
a=1[1- 2 =
c v2 aa

A2

3. Ilpeobpasosarue dupdeperuyuanos Koopduram

"3
hv =w tanh@:L.
tan , m
ciiesyer
cosh ¥ = ; sinh ¥ = v
1—v2’ V1—02
u
cosh@z;w, sinh@z*.
1—v2—a? 1—v2—a?

Ioacrasiss nojxydYeHHble BeJUYUHLI B ypaBHeHue (22),
moJtyuanM rpeobpasoBanus IudepeHInaioB KOopIu-
Har:

dt = s ' + o di' + i e
dr = =ty dt' + iy dt' + s s A,
dU = \/ﬁ dt/ + \/7 dU

(28)

Takum 06pazsoM MBI TOTYYNIN KOHKPETHBIN BUJ IIpe-
obpaszosannii (22).
Hist v < 1 1 a < 1 npeobpa3oBaHusi CBOJATCS K

dt = dt' +vdx’ +adv,
dr = vdt' +d2’ +vad,
dv= adt' +dv".
Ilepexosst K pa3MepHBIM BEJIMIUHAM, TTOJTY UM
dt=dt' + Lvdd' + zad,
de = vdt' +da’ + 4z avdv,
dv= adt' +dv".



B sbioTonOBCKOM Tpejene (puy ¢ — oo 1 A — 00)
nostyauM cucreMy audepeHIuanbHbIX yPaBHEHIN

dt = dt’,

dr = vdt' +dx’,
dv= adt +dv,
da= da'=0.

5. AV nBu>keHue cucteMbl orcuera K'.

B sroMm ciryuae marpuna moBopora nMeeT BU:

cosh ® cosh V¥ | cosh ® sinh W | sinh ®
U=AV = sinh @ cosh ¥ .
sinh ® cosh ¥ | sinh ® sinh ¥ | cosh ®
Torma

dt = cosh ® cosh ¥ dt’ cosh ® sinh ¥ dz’ + sinh ® dv’,
dr = sinh W dt' + cosh¥dx',

dv =

(29)

Jnst Toro, 9TOOBI YCTAHOBHUTH CBSI3b MEXKJY yIJIAMHU

U u & maTpurpl BpalleHusi U CKOpocTbio v = dx/dt n

yckopenueM a = dv/dt Tena B, paccMOTPUM U3MEHEHUE

muddepeHInaioB KOOPANHAT IPU M3MeHeHnn yriaoB W
n ¢ marpunpl TOBOPOTAa B COOTBETCTBUU C yPABHEHHEM

CTPYKTYDBbL:

Sdr = (0UU ) dz.
B namewm ciaygae U = AV un

sUU~! = §(AV) (AV)~!
— (JAV+ASV)V-1A-?
—GAAT+A(BVV AL

sinh ¥ | cosh &
0V =46¥|cosh U |sinhW | |,
sinh ® cosh @
0A =6
cosh®| |sinh®
1 1
SVVL =501 , SAAL =60
1
cosh @ sinh ®
AGBVVHAL =50 1
sinh ® cosh ¢

sinh ® cosh ¥ dt’ + sinh ® sinh ¥ dz’ + cosh ® dv’ .
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1 cosh ® —sinh ®
1 . 1
—sinh ® cosh ®
cosh ®
= §WU|cosh @ —sinh ®
sinh ®
1 cosh ®
SUU! =6 + 60| cosh @ —sinh @
1 sinh ®
Ucrons3yst 9Ty MaTpPHILY, HOJIYIUM
odt = 6P dv + cosh @ 0V dx,
0dx = cosh® 0¥ dt —sinh ®6W dv, (30)
odv = 6O dt + sinh ® oV dx .

st Toro, 9T0OBI YCTAHOBUTH CBSI3b MEXKy yriaamu W
u ® u ckopocThio Tenma B, paccmoTpum guddepenna
dr  ddx odt
00— =— —dr ——.
dt dt (dt)?
Ucnonnsys (30), mosydum
6v =0T ((1—v?) cosh® — a sinh®) — §®va. (31)
st Toro, 94T0o0OBI YCTAHOBUTH CBSI3b MEXKy yriaamu W
n ® u yckopenunem tena B, pacemorpuM auddepeHImat
6dv _ 0dv odt
dt  dt dt2”
Ucnonbays (30), nomyanm
da = (sinh ® — cosh® a) v 6V + (1 — a?)6®.

dv

(32)

Coornomtenns (28), (30), (31) oupenensior mpeobpaszo-
BaHMs KOOPJUHAT, 00OOIEHHDBIE HA CIyYall YCKOPEHHBIX
JnBUKeHuit Tejta B u cucrembl orcuera K| 1 3aKOHBI CJI0-
JKEHUsT CKOPOCTEH U yCKOPEHUH.

Hasee pacemorpum pemntenus ypasuenuii (30), (31) mis
cJydasi, KOTJia yCKOpeHne Tejia, B OTHOCHTEILHO CHCTEMbI
orcuera K’ pasno mymo. Ha Puc. 4 nokazanbl BIOXkKeH-
HbIE CHCTEMBI OTCYUETA, TOSCHSIIONINE PACCMATPUBAEMBII
cay4Jaii.

K

PUC. 4. BiioxeHHBIE CUCTEMBI OTCYETA JIJ151 CJIO?KEHUS CKO-
pocteii B ciydae AV nBurkeHns cucreMbl orcdera K'. Ycko-
penue a cucrembl orcueTa K 3a1aHO OTHOCUTEILHO CHCTEMBI
orcyera K, ckopocTh v cucreMbl orcdera K’ 3anama orHO-
CUTeNbHO cucTeMbl oTcuera K1, ckopocth v’ Tena B 3amana
OTHOCHTEJILHO cHCTeMbl orcueTa K', ckopocTs v Tena B 3a-
aHa OTHOCUTEJIHLHO CUCTEeMBI oTcueTa K.



1. Baxon caoorcenus ycropenud

B coorsercTtBum ¢ Puc. 1b miua AV jaBuskenusi pas-
HOMEPHO IBUKYINAsACA CACTeMa oTcdeTa K' He ydacTBy-
eT B ONpeJeJIeHNN YCKOPEHUsI @ CUCTeMbl oTcuera K.
TlosToMy B 3TOM ciiydae 3aKOH CJIOXKEHUST YCKOPEHUH He
3aBucUT OT cKopocTu v’ Tema B. Ha Puc. 5 mokasanbr
BJIOYKEHHBIE CUCTEMBI OTCYETA, MOSCHSIONINE 3aKOH CJIO-
JKEHUdA yCKOPEHUN.

K

PUC. 5. BioxkeHHBIE CHCTEMBI OTCYETa JIJISI CJIOXKEHUSI
yCcKopeHnii B ciaydae AV BHMyKeHHs cucTeMbl orcdera K.
Vckopenue az cucrembl orcdeTa Ko 3a1aHO OTHOCUTEIBHO CH-
crembl orcuera K, ycKopeHue a1 cucteMmbl oTcuera K 3a7aHo
OTHOCHUTEJIbHO CHCTEMBI OTCYeTa K2, YCKOPEHHE @ CHCTEMBI
orcuera K 3aJaHO OTHOCUTEJILHO CUCTEMBI oTCcueTa K.

JI1s pacCcMaTpUBAEMOro CJiydasl yCKOpeHue Testa B or-
HOCHTEJIBHO CHCTEMBI OTcUeTa K/ paBHO HYJIIO U COOTBET-
CTBEHHO €r0 YCKOPEHHEe OTHOCHTEJILHO CHCTeMBl OTCYeTa,
K yckopenuio cucteMbl oTcueTa K1 OTHOCHUTETHHO CUCTE-
Mbl orcuera K, To ectb a = a. Takum obpazom, u3 (31)
pu HadasbHoM yeaosun (& = 0, a = 0) umeem

a=a=tanh®. (33)

Orciofa cireryer paHee pacCMOTPEHHBIN 3aKOH CJIOKEHUST
YCKOpEHUi.

2. Bakxon caooicenus ckopocmet

Tak kak g1 AV gBuzkenus cucreMbl orcuera K/ cko-
pocTh v Tesa B onpeneieHa Mo OTHOIEHUIO K YCKOPEHHO
nBrKyteiics cucreme orcdera Kq (cm. Puc. 1b), To 3a-
KOH CJIOXKEHUsSI CKOPOCTEl, 3AlMCAHHBIA 110 OTHOIIEHWIO
K cucreme orcuera K, 3aBUCUT OT yCKOPEHUsI CUCTEMBI
orcuera K.

s wacTHOTO Cydasi, Korja yckopenne a = a = 0 u
® = 0 ypasuenue (30) cBoguTcs K

dv=(1—-0%)60.

Orcioma nmeeM mpeobpazoBanue JlopeHrta.
st npou3BoJibHOTO ycKopenus ypasaenue (30) ¢ yue-
ToM (33) U HPUHATOrO YCJIOBHS 4 = @ JAET

=1/1—a? tanh(¥ + ).

Orciofa ciemyer, ITO MAKCUMAJIbHOE 3HAYCHUE CKOPOCTH
paBHO

vy =V 1—a?

NI B pa3MEPHBIX €IUMHUIIaX

2

Um = cy[1— % . (34)
Orciofia cirelyeT, ITO UPHU HAJIUYIUN YCKOPEHHsST BO3MOK-
Has MaKCHUMAaJIbHAas CKOPOCTDb JIBUKEHUsI MEHBIIE CKOPO-
CTH cBeTa. B 9acTHOCTH, eCIM UCTOYHUK CBETA JBUXKETCS
YCKODEHHO OTHOCHUTEIBHO CHCTEMBbI oTcdeTa K, TO CKO-
pPOCTH CBETA OTHOCUTEIHLHO K MEHbINE ¢ U OlpeIesIsieTCs
BbIpazkeHueM (34).

ITocTosiHHyI0 MHTErpUpoBaHus 1)’ Olpese/ UM U3 Clie-
Jgyromux coobpazkenuii. Bynem mosararbh, aro 1’ = 0
COOTBETCTBYET CJIy4alo, KOIJIa CKOPOCTh Teja B orno-
CUTEJIbHO cucTeMbl orcuera K’ paBHa Hy/IIO U COOTBET-
CTBEHHO €r0 CKOPOCTH OTHOCHUTEJIbHO CHCTEMBI OTCYeTa
K (nmm K1) paBHA CKOPOCTH JIBHXKEHUSI CHCTEMBI OTCUE-
ta K’ oTHOCHTENBLHO cuCcTeMBI OTCUeTa K, TO €CTh v = v.
1, manporus, 6ynem nosarars, uro ¥ = 0 cooTBeTCTBY-
€T CJIy4alo, KOTJa CKOPOCTh JIBH2KEHUsI CUCTEMbBI OTCUeTa
K’ ornocuresibHO cucTeMbl orcueTa K paBHA HYJIIO U CO-
OTBETCTBEHHO CKOPOCTH Tejia, B OTHOCHTEIHHO CUCTEMBI
orcyeta K paBHA €ro CKOPOCTH OTHOCHTEIHHO CHCTEMBI
orcuera K’, o ectb v = v’'. Takum 06pazom,

v=1+v1-—a?tanh¥. (35)
=4/1— (a’)? tanhv)’.

Ho B paccmarpuBaeMoM ciiydae yckopeHue Teja B oT-
HOCHUTEJIbHO CHUCTeMBbI oTcdera K’ paBHO HYJIIO, TO €CTh
! = 0, nosromy

" = tanh) .
W3 coornomenust (35) ciemyeT 3aKOH CJIOXKEHHsI CKOPO-

creit B 00IIlEM CJIydae, KOTJ@ YCKOPEHHE @ CUCTEMBI OT-
caera K’ oTsmm4HO OT HyJIs:

v++V1—a?v
v1—a?2+vv

Ilepexonsa K pa3MepHBIM BEJIUIHHAM, TTOJTYIUM

v=+y1-—a?-

a2 sz
=4/1- el
\/1— A2

3. Ilpeobpasosarue dupdeperuuanos KoopduHam




)
cosh¥ = Y- —%
1—v%—a?

v

sinh¥ = ————.
1—v2—

a?

Tozcrasiss nosyvYeHHble BeJUYUHBI B ypaBHeHue (29),
mojiyunM 1peobpasoBanus IudDepeHInaioB KoopIu-
HaT:

_ 1 / v 1 / a /
dt = 1-v2—a? dt’ + 1-v2—a? 1-a? da’ + 1—a? dv’,
_ v / \/
dr = F=H—di' + = s da’
_ a / v a / 1 /
dv = —— dt’ + —— dx’ + -y dv'’.
(36)

Takum 06pa3oM MBI HOJYYHJIA KOHKPETHBINA BHJL TPE0O-
paszosanuii (29).
st v < 1w a < 1 npeobpazoBanms CBOIATCI K

dt = dt' +vdzx' +adv,
dr = vdt' +dx’,
dv= adt' +vadz +dv .

Ilepexons K pasMepHBIM BeJUYUHAM, [TOJIYIIM

dt = (dt) + w(dx)#ﬁa(dv)’,
dr =wv (dt) ( ) )
dv =al(dt) + 02 va (dz) + (dv)'.

B HBIOTOHOBCKOM Tipejiesie (npu ¢ — oo u A — 00) modry-
quM cucreMy auddepenuaIbHbIX ypaBHeHTI

dt = (dt)
dx =wv(dt) + (dzx)’,
dv = a(dt) + (dv)'.

6. CBs3b c npeobpa3zoBanuem PunHpajiepa

CBsI3b MEXKJIy PacCMaTPUBAEMBIMH TPEOOpPA30BAHUSI-
MU u npeobpaszoBanueM Punjjiepa paccMOTPUM Ha, IPH-
Mepe npeobpazoBanuii 1jis VA JIBUXKEHUS CUCTEMBI OT-
cuera K’'. A mmenHo, pacemoTpuM nipeobpasosanus (22)
JUTsT CJTydast, KOTJIa

de’ =0, dv' =0, (37)
TO €CThb, KOTJ]a TeJ0 B HEemoJBHKHO OTHOCUTEIHHO CH-
creMpl orcuera K'. B sTom ciydae v = v, a = a

dt = cosh ¥ cosh @ dt’,
dx = sinh W cosh ®dt’, (38)
dv = sinh®dt’.

3nech yriibl W u @ ¢BsI3aHBI CO CKOPOCTHIO U YCKOPEHUEM
cucrembl orcuera K’ cremyomum o6pazom

a

tanh ¥ =wv, —_—
V1 —v?

tanh ® =
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Hasee paccmorpuM npeobpazoBanus (38) [is ciydas,
KOTJ1a

VU x~tanh¥ =v,sinh® ~ tanh® =a,cosh® =1.

To ecTb, 110 CyIIECTBY /1Jis HEPEJIATUBUCTCKIX CKOPOCTed
" yckopeHuit a < A.
ITpeoGpasosanus (38) npuobpeTaoT BH,L

dt = cosh(v)dt,
dx = sinh(v)dt’,
dv= adt'.

WNurerpupys nocsiejinee ypaBHEHUE C yIETOM, YTO YCKO-
peHue a IOCTOSAHHO, MOJIYYUM

v=at .

Wcnonb3yst 970 COOTHOIIIEHNE, 3aIUIIIEM TPE0OPa30BaAHUST
CITEIYTIOMIM 00pa30M

dt = cosh(at')dt',

dr =

sinh(at’) dt’.

Wurerpupys 3Tu ypaBHEHUS W HPUHUMAs MOCTOTHHBIE
WHTET'PUPOBAHUSA PABHBIMH HYJIIO, IIOJIYyYUM

t

sinh(at'),

Q=

x cosh(at’).

Orciofia mociie 1epexosia K pa3MepHBIM BeJIMIUHAM TO-
JIy9UM

¢

% = % sinh (% T) ,
5 = % cosh (% %) .
YauTeBasd, 9TO
AT =c, RA=(cT)A=¢%,

moJtyanM 1mpeobpa3oBanHus PuHjiepa B CIeIyomeM BUae

. ’
£ ginh (ﬂ) ,
a (&
2 ’
< cosh (ﬂ> .
a c
3aMeTnM, 4TO, KaK 9TO U HEOOXOIMMO JIJIst IIpeobpa3oBa-
nuit Punyiepa, BpeMs t' coBmaaer ¢ coGCTBEHHBIM Bpe-

MereM 2V /¢ ¢ TOIHOCTBIO /10 TOCTOSHHOM BEJTMIHHbI, TaK
Kak B cuiy (37)

t

T

(dzO)Z _ 02 (dt/)Z

7. PaBHOyCKOpEeHHO€E OBU>KE€HUE

PaccmorpuM  Teneps  paBHOYCKOPEHHOE JIBUXKEHUE.
Kak u mpexjie ¢ 1e/1bl0 yIPOIIeHns JaIbHEHIINX Ipe-
obpazoBaHmil mepeiigeM K 6e3pa3sMepHbIM KOOPIMHATAM.



Jlns sToro KBaapar maTepBana (14) pasmemnv na R? u
BBLITIOJIHUM CJIEJLYIONIIE NIEPEeOBO3HATCHI

dz?
—_— =

dt
— —

T

dx
R

dv
dz°, dt, —dr, — —dv.
C

Tlosmyaum kBagpaT quddepennuaia HTEPBAIA B CJIELY-

IOIeM BHUJIE
(da®)? = dt? — da® — dv?.

JluneitHoe mpeobpazoBaHue B IPOCTpaHCTBe auddepeH-
OaJIOB KOOpAuWuHaT

lda| = U jdz’]. (39)
COXpaHsIONee KBaJIpaT UHTEPBAJIA, €CTh IOBOPOT. 3J€Ch
nonobuo Pazneny 1.1 Beipaxenue Buga ||dz|| sTo cros-
6ern; u3 nuddepentmanos dt, dx u dv, a U — maTpurna mo-
BOPOTa B HEKOTOPOI IIJIOCKOCTH PACCMATPUBAEMOTO IIPO-
CTPAHCTBA. B 4YaCTHOCTH, MOBOPOT B IICEBIOILIOCKOCTH
(dt, dx), upencrasiaeHublii MaTpunei

cosh v
sinh v

sinh v
cosh v ,

v

COOTBETCTBYET PABHOMEPHOMY JIBUYKEHHWIO CHCTEMBI OT-
cuera.

ITosopor B ucesmoiiockocrtu (dt, dv), upemcraBieH-
HBIA MaTpuiei

cosh ¢
A= 1
sinh ¢

sinh ¢

cosh ¢

COOTBETCTBYET YCKOPEHHOMY JBUKEHHMIO CUCTEMbI OTCYe-
Ta B HaJYaJe JBUKEHUS.

Kpowme toro nosopor B mwiockocru (dz, dv), upeacras-
JICHHBII MaTpuIei

T = sinT

COST

COS T
—sinT

TaK»Ke COXpaHsieT KBaJpar mHTepBaja. CMBICT 3TOro
Ipeo0pPa30BaHMs MTOKA OCTABUM HEBBISICHEHHBIM. DBoirre-
YKa3aHHbIE TPU MATPUIBI ABJISIOTCS IO HAIIEMY OIIPe/Ie-
JIEHUIO MATPHUIAMK Oa3UCHBIX TIOBOPOTOB.

Temeps Halma 3amava COCTOUT B TOM, YTOOBI M3 BCEX
110BOpOoTOB U BBIJIEUTD TAKO, KOTOPBI COOTBETCTBYET
PaBHOYCKOPEHHOMY JBUKEHHUIO CUCTEMBI OTCYETA.

ITpoussosbHOE uHeiHOE peobpasoBanue U, coxpaHsi-
folee KBaIpaT NHTEPBaJIa, IPEJCTaBIsgeT cOO0 TOBOPOT
B IIPOU3BOJIHHOI IJIOCKOCTH B TPEXMEPHOM IIPOCTPAHCTBE
(dt,dz,dv) ma yroa 6. Marpura nmoBopora MOXKeT ObITH
3ammcaHa B CJIELYIONEM BUIE

1 1
U(9)ZeXp(9~K9)EA+F(9~K9)+§(9-K9)2+._.7

(40)
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rie

dU

Ky=—
0 df le=0

— reHepaTop HoBopoTa. MaTpura 1moBopoTa yI0BJIETBO-

pser cienyomemy auddepeHInaIbHOMy YPABHEHUIO *
0U(f) =060 - Ky -U(6), (41)

B gacTHOCTH BBINIIEyKa3aHHBIM COOTHOIIIEHUSIM Y/I0BJIE-

TBOPAIOT Das3ucHble MaTpuilbl moBoporos V, A, T. Uwm
COOTBETCTBYIOT CJIEJIYIONINE T€HEPATOPHI TOBOPOTOB

1 1
) K¢ = y KT = 1
1 -1

Ky, =[1

st Toro, ITOOBI YCTAHOBUTH CBSA3b MEXKIY YTJIAMH 1)
u ¢ u ckopocrbio v = dx/dt u yckopenuem a = dv/dt
Tena B, paccmorpum usmenenue jnddepeHIaioB Ko-
OP/IMHAT IIPU U3MEHEHUH YIJIOB 1, ¢ U T B COOTBETCTBUU
C YPaBHEHUSIMU CTPYKTYPBI:

8|ldz|l = (SUU) [|da]| - (42)
U3 coorHomenns (45) caenyer
SUU=60-Ky. (43)

Brrpasum §U U~ gepes MaTpHITEI IOBOPOTOB B Gaswc-
HBIX TJIOCKOCTSIX |
SUUT =6VV 4 0AA +6TT . (44)

31ech

SVVT =0y Ky = 6y[1

SAA™! = 5¢ Ky =8¢

*Kaxk u npexxzae npu auddepennuposanuy 1o yriry audde-
pernmas 6ymaemM 0603HAYATD 0.

TMarpuia Bpalenuil OTHOCHTEILHO IPOU3BOJILHOI OCH BbI-
paXkaercsi 4epe3 MaTPHIlbl BPAIEHWI OTHOCUTEIHLHO OGasuc-
HBIX IIJIOCKOCTEH CJIeLyIOIHM 00pa3oM

1
U= 5 (VAT + ATV + TVA + VTA + AVT + TAV)
Tosnbko B 3TOM Cilydae yKa3aHHOE IIpeJCTaBJIEHNE HE 3aBUCUT

OT MOpsIKa MPEJACTABJSIONINX MATPUI], KaK 3TO CJIEIyeT U3
(44).



STT ' =6rK, =61 1
1

Paccmarpusas dbynkiuu ¢ (0), ¢(0), 7(0) kak jauneitnbie,
BBEJIEM COOTHOIIIEHUST

St =80C%, 6¢p=0860C?, ST =060C". (45)
Buecs C¥, C?, C7 — "manpapjsionue KOCHHYCH", I0-
CTOSTHHBIE BEJIMYUHBI, ONPEIEISIONNE MOJIOKEHNEe MPO-
MU3BOJIBHON TIOCKOCTH OTHOCHUTETHHO BA3UCHBIX IJIOCKO-

creii. OHE YJIOBJIETBOPSAIOT YCJIOBHIO

(C)P+ (00?2 —(CT)* =1. (46)
Coornomtennst (43), (44) u (45) MO3BOJIAIOT BBIPA3UTH Te-
HEPATOP IIPOU3BOJILHOIO [IOBOPOTA Uepe3 MeHepaToOpbI Oa-
3HMCHBIX TI0BOPOTOB

Ky=CVKy+C?°Ky,+CK,. (47)
Vcmonb3yst 9TO  COOTHOIIEHHE, 3AIMIIEM YDaBHEHUS
CTPYKTYDHI (42) B cilemyiomeM Buje

cv [o?
§||dz|| = 6U U ||dx|| = 56| C? C™|||dz]| .
cel-cr
Orcroma mosryaum
§dt =60 (C¥dx + C?dv),
Sdr =00 (C¥dt+ O™ dv), (48)

Sdv = 60(C?dt — C7 dx).

Jj1st TOrO, 9TOOBI YCTAHOBUATH CBA3b MEXKIY YIJIAME 1),
¢ M T C OHOI CTOPOHBI U CKOPOCTHIO U YCKOPEHUEM TeJIa
B ¢ npyroit, paccmorpuM uddepeHImalt

_ dde
Cdt

d
Udt

Ucnonbays (48), nomyanm

dv =250 (CY(1—v*)+C"a—C%va), (49)
rze BBejieHo obozHadenue a = dv/dt.
Anajiornyno paccmorpuM JaudpepeHimal
dv  ddv odt
da=4¢ T o a T
Ucnonbays (48), nomyanm
sa=460 (C*(1—a®)—C"v—C%va) , (50)

Kpome Toro pacemorpum muddepentmalt

dxr v
5= —
dv

o—.
a
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Wcnons3ys cooTHomenne

v=at,
€ro MOXKHO 3aIlUCaTh
dz
— =4t.
dv
Takum ob6pasom, umeem
odx ddv
ot=———t—.
dv dv

Ucnonbays (48), nomyanm
1 1
6t = 66 (C"” Pl +t(—C¢E +CTt)> . (51)

,HJIEI PaBHOYCKOPEHHOI'O JABM2KCHUA JTOJIZKHO BbIIIOJI-
HATHCA

dv = adt, da=0.

IMoncrasisis B nepsoe coornorrenue (49) u (51), moxyanm
CY(1-v?)+CTa—-C%va=
a(C¥itCcm+t(-c?L4cCmy)),
i
C?(1-a®)—C"v—C%av=0.

DT0 Ke COOTHOIIEHUE CieyeT u3 ycaosus oa = 0.

Takum o6pazoM, Jjis PABHOYCKOPEHHOI'O JIBUXKEHUSI
BBITEKAET YCJIOBHE, HAKJIQJbIBaeMoe Ha 'HAIpaBJIsio-
mue KocuHychl". 3HadeHust "HAIPABISIONAX KOCHHY-
coB" OIpesesA0TCs 3HAYEHUSIMUA CKOPOCTU U YCKOPEHMSI.
B wacrHOCTH JIJ1s1 pABHOMEPHOTO JIBUXKEeHUsI, KOTIa @ = 0,
JIOJTI?KHO BBITIOJTHATHCS

Cc? =0,

(52)

cY=1.

Ot coorHomenust 6yayT caencreueM (52) u (46), ecam
HOJIOKHUTD

C"=0,

CTo+C%av=0.

Takum 06pazoM MMeeM CJIEAYIONIYI0 CUCTEMY YPABHEHUH
mtst onpenesterns CT u CV.

CTv+C%av=0

(C¥)?—(CT)* =1.
Ona umeer cJjeyroriee perenne

1 a
V= —, "= ———.
V1—a? V1—a?

* Takum 06pa30M, MbI OIIPe/Ie/ M "HAIIPABJIAIONIINE KO-
CHHYCBI" ¥ MOYKEM, MCIIOJb3ysl BbiparkeHue (47), BbUuc-
JINTH TE€HEPATOP I'PYIIBI YCKOPEHHBIX JIBUKEHUI

1

c?=0,

1
=—1

V1 —a?

Ky

* JIpyroe pelieHne OTINIaeTCs OT YKA3aHHOTO 3HAKOM.



Suag reneparop Ky, Ha ocHoBanuu (40) MOXKHO BBIYHC-
JIUTH MATPHILY TIPEOOPA30OBAHIA KOOPIUHAT IIPU YCKOPEH-
HoM JiBrzkennn. Tak Kax

(Kp)® (Kp)* = (Ko)?,

To Marpuria U BBIpazKaeTcs dYepe3 THUIMEePOOUIeCcKre
dyHKIMH

:K97

U=A—(Ky?+ (K9)2 cosh 8 + Ky sinh 6.
Nom
1 1 1 —a
U= 1 T 5 1—a? +
1 A —a?
1 1 —a
+ 1—a? coshf +
1-— a2 2
a —a
1 1
+ 1 —a |sinh 6.

(53)

Temepsb ycTaHOBIM CBSI3b MEXKJy NapaMeTPAMH YCKO-
PEHHOI'O JBUZKEHHS U yrioM . [Ijist 9T0ro MOXKHO BOC-
noJb30BaThes 6o coorHomenueM (49), mubo (51). Mer
ocraHoBuMcst Ha (49). Mmeem

sv =250 (CY(1—v*)+C7a) .

Orciofia momyanm

N3 sToro ypasaenus nmeeM

= tanh@.

v
V1 —a?
1. Ilpeobpasosanue duppepenyuanos Koopduram

Coornomenns (22), (24) u (25) onpesessor npeod-
pa30oBaHUs KOOPAUHAT, OOOOIIEHHBIE HA CJIydail yCKOPEH-
HBIX JBUXKEHUit Testa B u cucremsl orcuera K, 1 3aKOHBI
CJIOXKEHUsI CKopocTeil u yckopenuit. VI3 nocseinero coor-
HOIIEHUS CJIEJTYET

. _ 1—a?
cosht) = =—==2—
sinhf = —2—.
S 0 V1—v2—a?

TozcTaBisist TOJyUeHHbIE BEJIMUUHBL B ypasHeHue (39),
mojryanM rpeobpasoBanus udOepeHInaioB KOOpIu-
HaT:
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dt = (1— 14 a2 e az) dt'
+m ¢— dz'+
( a _ _a Vi1— )dU
1—a? 1—a? /1— vz aZ
1 v / \/
dxr = o VI o dt + T _ dz’

V1o '02—0,2 \/1 Vi-a2 d’U

V1=
d’U: (—1aa2 +1aa2 1 ’U2 a2
+\/1 v2— a,2 \/1 Vi-a? da’
<1+ _ _a? V1—a?
1—a? 1—a? /1—

v2—a?

) dt!
) dv'.

Takum 0OpazoM MBI MOJIYYUJIA KOHKPETHBIN BUJT 11peod-
paszosanuit (39).
Hnst v < 1 1 a <K 1 npeobpa3oBaHust CBOIATCS K

dt = dt' +vdr’,
dr = vdt' +dx’ —vad,
dv= vadz +dv.

Ilepexonsa K pa3MepHBIM BeJIMIHHAM, ITOJTYIAM

dt =dt' + Svda,
dr =uvdt' +dz’ —AQvadv
dv = 2vada: +dv'.

B mproTonoBCKOM npejese (pu ¢ — 0o u A — 00) 1moJLy-
9uM cucTeMy anddepeHInaIbHbIX YPaBHEHNH

dt = dt’,
dr =vdt' +da’,
dv =dv.

III. PABHOMEPHOE IIJIOCKOE BPAIITEHUE

PaccmorpuMm wacTHBIE BEKTOp B IPOCTPAHCTBE—BpE-
MEeHU JIENTOHA

dr =& da® + Eqcdt + Ex Rd<p21 .
Jist KBaipaTa WHTEPBAJIA STOT'O BEKTOPa MMEEeM
(dz°)* = 2 dt* + R? (dp)*

Saia M JIMHeHbIe TPe0OPA30BAHNST BEKTOPA B CJIEILYIO-
IIeM BHUIE

|ldz|| = 2f|da’]] ,
=Q-,

rjie Bbipazkenue Buja ||dz|| aTo cronben uz quddepeniu-

anos cdt u Rdyp, a Q, Q, Q' — Marpunsl npeobpa3oBanuii.

Izt Toro, uTobb ipeobpaszobanue (2 coxpansio (dz®)?,

OHO JIOJIZKHO OBITH N060POMOM B €BKJIMIOBOH IJIOCKOCTH

(cdt, Rdy). To ectb, HEOOXOIMMO MOJIOKUTH

—sinW¥
cos U

cos U

Q= sin W




u
cdt =cosWc(dt) —sinU R (dp)’, (55)
Rdp =sin¥ec(dt) +cos¥ R (dp),
rae U — yros1 moBopoTa B yKa3aHHOH Imiockoct. llpwu-

9eM ITOT yTOJI KAK-TO CBsI3aH C IapaMeTPAMU JBUXKEHUS
cucreMmbl orcuera K’ oTHOCHTEIBHO cucTeMbl oTcueTa K .
Cas13b Mexk 1y yryioM ¥ 1 napaMerpamMu JIBUKEHHS CHCTe-
MbI orcdyera K’ HaiiseM u3 ypaBHEeHHS CTPYKTYpPbl TPYII-
bl TpeobpaszoBaHuii *.

8l|dz|| = (629271 [|de]| -

Jlajiee ¢ MOMOIBIO ypAaBHEHUS CTPYKTYPBI MOJIYIAM WC-
KOMbBIe TTpeoOpa3oBanusa Koopanaat. Mtak, B HammeMm ciy-
qae

-1 —sinW|—cosW¥| | cosU |sin¥
0 = 0w cosU | —sinW| | —sinV |cos W
-1
=0V T
u
céddt = -0V Rdyp,
Rodp = 60 cdt. (56)

Wcnonb3yst 3TH COOTHOIIEHUS, BBIYUCIUM Ty YaCTh U3~
MEHEHUsI YTJIOBOI CKOPOCTH TeJjia B OTHOCHTEILHO CHUCTE-
MbI orcuera K, KoTOopast BbI3BaHA M3MEHEHUEM I1apaMeT-
POB JIBUKEHHS CHCTeMbI oTcdera K/, CBABAHHBIX C YTIJIOM

v,
odt

(dt)*

dp _ddp

d
a  ar

YunrsiBas (56), moaydnm
(57)

31ech

— IIOCTOsIHHASI BEJIMYMHA, UMEIOIasi Pa3MePHOCTH YIJIO-
Boit ckopoctu. OTciona nMmeem

w=Q tan(¥ +¢), (58)
rje 1)’ — IOCTOSHHAS MHTErPUPOBAHUA. DTO COOTHOIIIE-
Hue OyIeM UCTOJIKOBBIBATE CJIEAYIOMMUM obpazoM. Bymem
mosiarath, 970 W = () COOTBETCTBYET CJIy4alo, KOTJIa CH-
crema orcdera K’ HeloOIBUKHA OTHOCUTEILHO CHCTEMBI

*Cpasuure Pazmen 1.1
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orcyeta K M COOTBETCTBEHHO yIJIOBasi CKOPOCTb Tejta B
OTHOCHUTEJILHO CHCTeMbI oTcueta K paBHa €ro yryioBoit
CKOPOCTH OTHOCHTEJILHO cucTeMbl orcdyera K', To ecThb

w=Qtany =’

Korzma yrom 3/ = 0 yrioBasg CKOpocTh Teja B OTHO-
CUTEJILHO cucTeMbl orcueTa K’ paBHa HyJIIO U COOTBET-
CTBEHHO €ro yIJIOBasi CKOPOCTb OTHOCUTEJIBHO CHCTEMBI
orcuera K paBHa yIJIOBOH CKOPOCTH BPAIIEHUSA CUCTEMBI
orcuera K’ oTHOCHTENBHO cucTeMbl oTcueTa K, TO ecThb

w=0tan¥ = w.

B pesysbrare Mbl pemmin MOCTABJIEHHYIO 33Ja4dy: YIroJl
W ¢BsI3aH TOJIBKO C YIJIOBOH CKOPOCTHIO BPAIIEHUSI CUCTE-
MBI orcuera K’ u ciegyomumM o6pazom

w=0Qtan . (59)

Tenepn, ucnoab3ys (59), mosyaum

1
cosV¥V = ——, sin\II:L
V1t Q1+

Hckomoe cooTHoIIeHNE MEXKTY quddDepeHinaiaMu Koop-
nuHaT Teaa B B cueremax orcuera K um K’ nmpumer Bug

dt' — & dy’ wdt' + dy’
V1t V1t

A u3 (59) cremyer 3aKOH CJIOKEHHUS YIVIOBBIX CKOPOCTEHt

dt dp = (60)

!/
1— %52

DTOT 3aKOH KOPPECIOHAWPYETCH C MPeobpa3oBaAHUEM
nuddepeHanoB yria U BpeMeHH.  3aMedaTeIbHOe
CBOICTBO IIPUBEIEHHOIO 3aKOHA CJIOXKEHHUsSI COCTOUT B
TOM, UTO B OTJIMYME OT CJIOXKEHUsI CKOPOCTEH M yCKOpe-
HUl, CJIO2KEHNE YIJIOBBIX CKOPOCTE He orpannydeHo (yH-
JIaMEHTAJIBHO YIJIOBOM CKOPOCTBIO §), a IpU CJIOXKEHUU
YTIOBBIX W U W', 6u3KkuX K (2, 3aKOH CJIOJKCHUST NMeeT
0COOEHHOCTh. BO3MOXKHO 9THM 0OCTOSATETHCTBOM MOXKET
OLITH 00bsicHeH mpwHITAT [laym.

IV. YCKOPEHHOE IIJIOCKOE BPAIITEHVE

Paccmorpum gacTHBIN BEKTOP B IPOCTPAHCTBEBpPEMe-
HU JIENITOHA

Rdw'?

de = Eyda® + Eycdt + Eoy Rdp® + 194 9

MHOK€eCTBO TAKHX BEKTOPOB COCTABJISIET ITOIAITEOPY aJl-
reoper Kmuddopaa C4, xOTOpyIo HazoBeM ayreGpoit



YCKODEHHBIX Bparenunii. st KBajpara mHTEpBaIa ITOTO
BEKTOpa UMeeM

2

(€2)?

C 1eJsbio yupolneHus JaJbHERInX 1peobpa3oBaHuii me-
peifimem K 6GespasMepHBIM KoopJauHaTaMm. Jljas 3TOTO
KBasipaTa mHTepBasa (14) paszgenny Ha R? W BBITOTHEM
CJIEJIYIONIHe TTepe0bO3HATEHIIS

(dz®)? = ? dt* + R? (dy)? — (dw)?.

dO
@ — dw .

dw
0

Tloryaum KBajipaT MHTEPBaJa B CJIEAYIONIEM BUJIE

dt
— — dt,

dO
—>1‘,T

dp — dp,

(dz%)? = dt* + (dp)? — (dw)?.
TloBopot B mpocTpancTBe auddepeHInaaoB KOOPIMHAT

||dz|| = U [|d="|] (62)
COXpaHsieT KBaJIpaT WHTepBaJa. 3/ech mogobno Pazmeny
1.1 BeIpazkenne Buja ||dz|| aTo cronbern n3 muddepeny-
asioB dt, dp n dw, a U — MaTpuiia moBOpoTa B HEKOTOPOA
IJIOCKOCTHU PACCMATPUBAEMOTO MPOCTPAHCTBA. B dacTHO-
cTH, TIOBOPOT B 1tockoctu (dt, dy)

—siny

cos

cos

sin vy

Q:

1

COOTBETCTBYET PaBHOMEDHOMY BpPAaIll€HUIO CHUCTEMbI OT-
cuera K'. Tlosopotr B ncesomiockoctu (dt, dw)

cosh ¢
E= 1
sinh ¢

sinh ¢

cosh ¢

COOTBETCTBYET YCKOPEHHOMY BPAIIEHUIO CUCTEMBI OTCYe-
Ta K.
ITosopor B nceBpomnockocru (dy, dw)

1

sinh 7
cosh

cosh T
sinh 7

T =

TaK¥Ke COXPaHsgeT KBaJIPAT UHTEPBAJIA.

IIpoussosproe mpeobpaszosanume U, coxpansomniee
KBaJ[paT UHTEPBAJIA, IPEJCTABJIsSET CODOH IOBOPOT B
[IPOU3BOJIBHON ILJIOCKOCTH B TPEXMEPHOM IIPOCTPAHCTBE
(dt,dp, dw) ma yroa 6. Marpuna 10BOpOTa 3allUChIBAET-
cs B CJIeayToIeM Buje *

1 1
U(Q):exp(e'KG)EA+F(9~K9)+§(9'K9)2+...,

(63)

*Cm. Paszgen IB.
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rie
_dau
T df le=0

— TreHeparTop HoBopoTa. MaTpura 1moBopora yI0BJIETBO-
pser craemyromemy audbepennnaIbHOMY yPABHEHIO |

Ky

oU(f) =06 - Ky -U(6), (64)

B gacTHOCTH BBINIIEyKa3aHHBIM COOTHOIIEHUSIM YJI0BJIE-
TBOPSIIOT MaTpuUIlbl moBopoTos {2, E, T. VIm cooTrBeTcTBY-
10T CJIe/LyIOIINe TeHepATOPhI TOBOPOTOB

—1 I
K, =1 , Ky = K= | [1
] ]

Jtst TOTO, YTOOBI YCTAHOBUTD CBA3b MEXK LY yIVIAMH 1, @
U T C OJTHON CTOPOHBI U YIJIOBOH CKOPOCTHIO w = dp/dt n
YIJIOBBIM ycKopenueM € = dw/dt tena B ¢ apyroii, pac-
cMOTpUM u3MeHenue udOEpeHInaioB KOOPINHAT TPU
U3MEHEHUH YIJIOB B COOTBETCTBUU C yPABHEHUSIMU CTPYK-
TYPBI I'PYIIIBI TPEOOPaA30BAHUIA:

8l|da]| = (BUUY) [|de]] (65)
U3 coornomtenns (64) ciaenyer
SUU=60-Ky. (66)

Brrpasum §U U~ wepes MaTpuiisl MoBOPOTOB B 6a3HCHBIX
ILUIOCKOCTSIX
SUUT =600 +6EE ™ +6TT . (67)

31ech

QO =0 Ky = |1

SEE™' =09 K, = 6¢

STT ' =6rK, =61 1
1

Paccmarpusas dbyuxiyn ¢ (0), ¢(0), 7(0) kax jauneitable,
BBEJIEM COOTHOIIEHUS
Sth=080C%, Sp=00C?,

Sr=00C".  (68)

TKak u npexe nupn juddeperipposanny 1o yriy xadde-
pennman 6ygemMm 0603HAYATD 0.



Buecs C¥, C?, C7 — "manpasisionme KocuHychl", mo-
CTOSIHHBIE BEJINYMHBI, OIPEIE/SIONHME TOJOKEHNE MTPO-
U3BOJIBHON TJIOCKOCTH OTHOCUTETHHO HA3UCHBIX IJIOCKO-
creit. OHU YJOBJIETBOPSIOT YCIOBUIO

(CY)? = (C?)? = (CT)* =1. (69)

Coornomntenns (66), (67) u (68) MO3BOJIAIOT BHIPA3UTD Te-
HEPATOP IPOU3BOJILHOIO [IOBOPOTA Uepe3 FeHepaTopsl Oa-
3HUCHBIX TI0BOPOTOB

Ky=CYKy+C°Ky+C" K, . (70)

Wcnonp3yss 910 COOTHOIIEHWE, 3AIlUIIEM ypPaBHEHUE
cTpYKTYpHI (65) B ciaemyomeM Bue

—_CYC?
§||dz|| = 6U U ||dzx|| = 66| C? CT|||dz||
cel CT

Hcnons3ys 3Ty MaTpuiry, HOIydIuM

§dt =60 (—C¥ dp + C? dw),
Sdp =60 (CYdt+ O dw), (71)
Sdw =60 (C?dt +C™dy).

lj1si TOro, 9T00BI YyCTAHOBUTD CBSI3b MEXKJTy yIJIaMu 1, ¢
U T W YIVIOBOI CKOPOCTBHIO Testa B, pacemorpum mudde-
peHImaI

do _ddp st

i T T
Ucnosnwsys (71), nosyaum
sw=260 (CY (1+w?) +CTe—C%we) , (72)

rJie BBeJIeHO obosHaueHue &€ = dw/dt.
Amnajyrornano pacemorpum Juddeperimat

dw  ddw odt

dle=0—=——e—.
T T at
Ucnonbays (71), nomyanm
se=40 (C*(1-e*)+CTw+C%we), (73)
Kpowme Toro pacemorpum auddepenrmat
dy w
aw =%

Hcnonw3yst cooTHomIeHNe

w=c¢t,
€ro MOXKHO 3aIUCaTh
de
60— = 6t.
dw
Takum obpasom, umeem
od od
ot = oF O

dw dw

Ucnonwsys (71), mosyanm

_ 1 1
§t=460 (CVLI4+CT—t(C?L4+CT1)), (74)
ILIIH PaBHOYCKOPEHHOI'O JABM2KCHUA JOJIZKHO BbIIIOJI-
HATHCA

dw = e dt, 6e =0.

IMoxcrasisist B nepsoe coorroutenue (72) u (74), mosrydum

CY(1+wH)+CTe-Cluwe=
e(C¥i+CT—t(C?LI+C")),

i
CP1-—eH+CTw+C%ew=0. (75)

D10 )Ke cooTHOIIeHne cieyer u3 ycaosus de = 0. Ono
peJicTaBisieT cOOON yc/IoBHe, HAaKJIaJblBaeMoe Ha "Ha-
MPABJIAIONIIE KOCUHYCHI" JIjisl PABHOYCKOPEHHOTO JIBUKE-
Hust. 3HaYeHusT "HAMPABJISIONUX KOCHHYCOB" ompe/ieis-
FOTCsl 3HAYEHUSIMU YTJIOBBIX CKOPOCTH U YCKOpeHusi. B
YACTHOCTH JIjIsi PABHOMEPHOro Bparienust, korjga £ = 0,
JIOJTI2KHO BBITIOJTHSATHCS

c?=0, CT=0, CV=1.
Otu coorHomenus 6yayT ciaeacrsueM (69) u (93), ecian

IIOJIOZKUTH

C?® =0, CTw+C%ew=0.

Takum 06pa3oM UMeeM CJIeIYIONIYI0 CUCTEMY ypPaBHEHUH
mts onpenesterust CT u CV.

CTw+C%ew=0
(C¥)2—(CT)?=1.

OHa nMeer cireyroIee perenne

1 €

sziy 072—7.
Vi Vi—e2

* pe3ysbTare MbI ONpPEIeNIN "HAIPABIISIONINE KOCHHY-
cbl" M MOXKeM, MCIOJb3ysl Bbipaxkenue (70), BBIUUCIUTD
reHepaTop I'PYIIbI YCKOPEHHBIX JIBUXKEHUIT

1 -1
Kyg=—|1 —€
o V1—¢g2 —

3uast reneparop Ky, Ha ocHoBaHMU (63) MOXKHO BBIYMC-
JIUTH MATPHILy TPeOOPa30BaHMs KOOPJAUHAT IPU YCKOPEH-
HOM JABUzKeHNH. Tak Kak

(Ko)® = —Ky, (Kp)*=—(Kp)?,

* JIpyroe pelieHne OTINIaeTCs OT YKA3aHHOTO 3HAKOM.



TO 3Ta MATPUIA BBIPAYKAETCS Yepe3 TPUTOHOMETPUIe-
ckue PYHKIAN

U=A+ (Kp)? — (Kg)? cosf + Ky sinf. (76)
N
1 1 -1 €
U=| |1 ti o —1+4¢£2 —
1 I e?
1 -1 €
1= —1+¢? cosf +
&= e?
+# 1 — —e|sinf
V1—g2 —

Tenepb yCTAHOBUM CBsi3b MEXKJIy IIapaMeTPaMM YCKO-
PEHHOrO JBHXKeHHst U yryioM §. JIjist 9T0ro MOXKHO BOC-
HOJIB30BATHCsA JIHOO cooTHomenneM (73), 6o (72). Mer
OCTAHOBHUMCsI Ha TtocsieiHeM. Mmeem

Sw=260 (CY(1+w’)+Ce) .

).

Orcrona moyanm

w2
w

0———= =40

V1 — g2 ( +1—52

13 sroro ypaBHeHus nmeem

w

V1 — g2

= tané.

1. IIpeobpaszoBanune agudpepeHnnagIoB KOOPAUHAT

Coornomenust (62), (76) u (77) onpesensiror mpeod-
pa30oBaHUs KOOPANHAT, 0OOOIIEHHBIE HA CJIydail yCKOPEH-
HBIX BpallleHuii Tesa B u cucteMbl oTcuera K', U 3aKOHBI
CJIOYKEHUSI YIJIOBBIX CKOpoCTeit n yckopenwuit. V3 mocmes-
HErO COOTHOIIEHUSI CJIEIYET

A
Vitw?2—e2’
W

= Vwr et

cos
sin 6

ToscTaBisist OMyYeHHbIE BEeJIMUUHBL B ypasHeHue (62),
nojiyanM 1peobpasoBanus audepeHInaioB KoopIu-
HAT:

19

dt

_ 1_ 4 V1—e?
- 1— 52 1— 52 V1tw? g2

) dt!

mmd<ﬁ+

1/1 2
<1 Ee-:"’ - 1752 1_;,_‘,,26 52) dw’,
1 +! Vi—e? ’
d(p Vi-g? \/1+w2 g2 +C\i/1+ w?—¢g? d(p (78)
v

\/1+w2—62 V1—e2
dw:(1€2+1€2\/1€2

1+w?2—e2

) dt’
) dw'.

Taxum 06pazoM MbI IOJIYYUIA KOHKPETHBIH BUJ IIpe-
obpasosanuii (62).
Hna w < 1 1 e < 1 upeobpaszoBaHUsi CBOIATCS K

\/ 1+w2—52 Vi-e? d(p
1+ & V1—e?
1— 52 1—e2 \/1+tw?—e2

dt = dt' —wdy',
dp= wdt' +d¢ —wedw',
dv= —wedy +duw'.

Ilepexons K pasMepHBIM BEJUYUHAM, ITOJIYIHM

dt =dt' — gzwdy',
dp —wdt'—i—dap—EZwsdw
dw ngsdw 4 dw' .

B mptoroHOBCKOM mpejiere (mpu 2 — oo u E — 00) mo-
ayauM cucreMy nuddepeHuaIbHbIX ypaBHeHHIT

dt = dt’,
dp =wdt' +dy,
dw =dw =edt.

V. YCKOPEHHOE TEJIECHOE BPAIIIEHNE

PaccmoTrpum yacTHBIN BEKTOP B IIPOCTPAHCTBE—BpeMe-
HU JIENITOHA

R dw132
de =& daz® + Ercdt + E1a3 Rdipms + E1394 .
T
MHO>XKECTBO TAKUX BEKTOPOB COCTABJIAET MOJAAJIreOpy aJi-
rebper Kimddopma C4. HazoBewm ee anredbpoit yckopeH-
HBIX TeJeCHBIX Bpamenuit. Jlnsa kBagpara wHTEpBaJa
9TOI'O BEKTOpa nMeeM

R2
(Qr)?
C 1esIbI0 yIpOIeHnst TaIbHEAIINX MpeoOpa3oBaHmil TIe-
peiiieM K 0Oe3pa3MepHBIM KoopamuaTtaMm. Jlms sToro

kBasipaTa nHTepBasa (14) pasmesuM Ha R? u BBIIOTHEM
CJIeJIyIoIre IepeobO3HaAYeHM S

(dz°)? = 2 dt* + R? (dp)? + (dw)?.

'

— da? %—wlt, do — dy, g—T—>dw.

Ilomyynm KBagpaT UHTEPBAJIA B CJIEIYIOMEM BUJE

(dz®)? = dt* + dp* + dw?.



IIoBopor B mpocTpancrse nuddepeHinaioB KOOPAUHAT

ldz|| = U||da"]] (79)

coXpaHseT KBaJ[paT WHTepBaia. 37ech mogobuo Paznery
1.1 Beipaxkenue Buna ||dz|| aTo cronben nz nuddepeniy-
aJioB dt, dp u dw, a U — MaTpuIia IoBOpoTa B HEKOTOPOIA
IJIOCKOCTHU PACCMATPUBAEMOTO IMPOCTPAHCTBA. B gacTHO-
cTH, I0BOPOT B 1tockoctu (dt, dy)

cos | —siny
sinvy | cos

Q:

1

COOTBETCTBYET PABHOMEPHOMY BPAIIEHUIO CHCTEMBI OT-
cuera K'. TloBopor B miockoctu (dt, dw)

cos ¢
E= 1
—sin¢

sin ¢

cos ¢

COOTBETCTBYET YCKOPEHHOMY BPAIIEHUIO CUCTEMBI OTCYe-
Ta K.
IToopor B mwiockoctu (dy, dw)

1

T = —sinT

COST

COST
sinT

TaK’Ke NMPUBOJUT K COXPAHEHUIO KBaJIPATA MHTEPBAJIA.

Orcrofia ciiefiyer, 9To IPyIIa yCKOPEHHBIX TEJIECHBIX
Bparenuii u3oMopdHa IpyIIe MOBOPOTOB B TPEXMEPHOM
npocrpanctee O(3). D10 06CTOATETBCTBO MBI HCIOJIb-
3yem B Jleknuu 17 my1s popMyInpoBKU 371€KTpocaboro
B3aMMOJIENCTBUSI.

IMpoussonbHOoe T1peobpazoBanne U, CcOXpaHAIOIee
KBaJIpaT HWHTEPBAJA, NPEJCTABIAET €000 MOBOPOT B
IIPOU3BOJIBHOMN TIJIOCKOCTH B TPEXMEPHOM IIPOCTPAHCTBE
(dt, dyp, dw) ma yros §. Marpuily HoBOopoTa MOYKHO 3allHi-
caTh B CJIEJLYIONIEM BUJE

U(0) = exp(0 - Ko) EA+%(9'K9)+%(9~K9)2+...,
(80)

rie

_av
T df =0

— reHepaTop IOBOpOTa. MaTpuiia IoBOpoTa Y/I0BJIETBO-
psieT quddepeHnnaIbHOMY yPABHEHUTO

Ky

SU0) = 860 - Ky - U(0), (81)

B wacTHOCTH BBINIEyKA3aHHBIM COOTHOIIEHUSIM YJIOBJIE-
TBOpsTioT MaTrpuilkl mosoporoB (), E, T. Wwm coorBet-
CTBYIOT CJIeJIyIOIINEe TeHePATOPBI TOBOPOTOB

-1 1
, Ky = ;

Ky =1 K, =
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s Toro, 9To0BI YCTAHOBUTH CBSI3b MEXKJy yTJIAMH 1,
¢ W T C OTHOI CTOPOHBI M TEJECHOHN YTJIOBOIT CKOPOCTHIO
w = dx/dt u TeJIeCHBIM YIVIOBBIM yCKOpeHueM & = dw/dt
Tesia B ¢ Ipyroii CTOPOHbBI, PACCMOTPUM U3MEHeHUe Jiud-
depeHnraaIoB KOOPIUHAT TP N3MEHEHUHN YTJIOB 1), ¢ U T,
00yCJIOBJIEHHOE yPABHEHUSIMU CTPYKTYPbI IPYIIIIBI TPE00-
pasoBaHuil

8|ldz|| = (BUUTY) ||dz]| . (82)
U3 coorromenns (81) caenyer
SUU =60 Ky. (83)

Bripasum §U U™! yepes MaTpuIls! 10BOPOTOB B 6A3HCHBIX
IIJIOCKOCTSIX

SUUT =600 +6EE ™ +6TT . (84)
31ech
1
QO =0 Ky = 0|1
1
SEE™' =3¢ K, = 6¢
1
STT ' =6rK, =01 1
—1
(85)

Pacemarpusast dyuxmun ¢ (0), ¢(0), T(0) kax nuneiinbe,
BBEJIEM COOTHOIIEHUST
o =60CY, Sp=60C%, 6T =00C".

Buecs C¥, C?, C7 — "manpapjsioniue KOCHHYCH", I0-
CTOSTHHBIE BEJIMIMHBI, OIPEIE/ISIONINE MOJOKEHHE PO~
M3BOJILHON IJIOCKOCTH OTHOCHTEIBHO OA3UCHBIX ILJIOCKO-

creit. OHM yJ0BIETBOPAIOT YCJIOBUIO

(CYP+(C?)?+(CT)*=1. (86)
Coornomntenns (83), (84) u (85) nMO3BOJIAIOT BEIPA3UTH T'e-
HEpPATOP MIPOU3BOJILHOTO IIOBOPOTA 4€PE3 MeHepaTOPhI Oa-
3UCHBIX IOBOPOTOB

K@ZCwK¢+C¢K¢+CTKT. (87)
Vcrosib3yst 9T0 COOTHOIEHNE, 3alnIieM BeipaxkeHne (82)
B CJIEJLYIOIIEM BUJIE

c?
—_C7

—CY

cY
—_CO?

8||dz|| = SU U [|da|| = 66 lldz]|.

CT




Ucnonp3ys 9Ty MaTPHILY, TOJLYIAM
ddt =0 (—C¥ dp + C? dw),

Sdp =60 (CYdt—COT dw),
Sdw =60 (—C?dt +CTdy).

(88)

s Toro, 9TOOBI YCTAHOBUTH CBSI3b MEXKJY yIVIaMU Y U
¢ u ckopocThio Testa B, paceMmorpuM Juddepentmalt

gl _ oot
R e
HUcnons3ys (88), momydnm

dw =230 (CY(1+w?)—C"e—C%we) , (89)

rze BBejieHo obozHavenue € = dw/dt.
Anajiornyno paccmorpuM JaudpepeHimal

dw  ddw
e =0 T

R
dt -
Ucnonnsys (89), mosyaum

de =00 (—C?(1+e?) +CTw+ CPwe) , (90)

Kpowme Toro pacemorpum auddepeHimast

s _ 5w

do &

Wcnonb3ys coornomenne

w=c¢t,
€ro MOXKHO 3aIlUCaTh
dyp
60— = 6t.
dw
Takum obpazom, nmeem
od od
ot =22 2
dw dw

Ucnonbsys (88), noayanm
vl T ol or
0t=00 (CY=++CT+t(-C°=+C"t)), (91)
€ €
JIJ1s1 paBHOYCKOPDEHHOTO JIBUZKEHHS JIOJZKHO BBITIOJ-
HATHCS
dw = e dt, de =0.

Ioncrasisist B nepsoe coorrorenue (89) u (91), moyanm

CY(14+wt)—CTe—CPwe =
e(Cvi-cr+t(c?li-cmy)),

nJjan

—C?(14+e*)+CTw+C%ew=0. (92)
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DTO Ke COOTHOIIEHNE ciejlyeT u3 ycaosus o = 0.

Takum obpa3om, i PABHOYCKOPEHHOTO JIBUKEHUS
BBITEKAET YCJIOBHE, HAKJAJbIBAeMOe Ha "HAIPaBJIsIIO-
mue KocuHychl". 3HaueHWsT "HANPABISIIONIAX KOCHHY-
coB" OIpeneNdoTCs 3HAYEHUSIMU yIJIOBBIX CKOPOCTU M
yCKOpeHUsi. B 9acTHOCTH J1JIsi PABHOMEDHOI'O BPAIIEHNSI,
korjia € = 0, JIOJIZKHO BBITOJIHATHCS

c*=0, CT=0, C¥=1.
Ot coornortenus 6ymyT ciaegcrsuem (86) u (92), ecan
)
TOJIOZKUTD
Cc?=0, C"w+C%ew=0.

Takum 06pazoM MMeeM CJIEAYIONIYI0 CUCTEMY YPABHEHUH
st ompenesterst CT 1 CV.

CT+C%e=0
(C¥)24+(CT)2=1.

Ona umeer cJjeyroriee perenne
1 €
V1te?’ Viter

* Takum 06pa30M, MbI OIIPeIe/ I "HAIIPABJIAIONIAE KO-
cunycol" M MOXKeM, UCIIOJIb3Ys Bbipaxkenue (87), BbIYuUC-
JINTH TE€HEPATOP I'PYIIIBI YCKOPEHHBIX JIBUKEHI

T—_

cY =

-1
1
= —|1 €

V14 e? —

Ky

3uag reneparop Ky, na ocHoBanuu (80) MOXKHO BBIYHC-

JINTH MATPHILY IIPe0OPA30BAHN KOOPANHAT IIPHU yCKOPEH-
HOM JBrzkenuu. Tak Kak
3 4 2

(Kp)* =—Ko, (Kp)" =—(Kq)",

TO 9Ta MATPWIA BBIPAXKAETCS UE€PE3 TPUTOHOMETPUIE-
ckue PYHKIAN

U=A+(Kp)? — (Kg)? cos + Ky sin 6.

Nan
1 1 1 €
U: ]. —172 1+€2 +
1 Tetre g2
1 1 €
—&-ﬁ 1+ &2 cost +
+e - 22

* JIpyroe pelleHre OTINIaeTCsl OT YKA3aHHOIO 3HAKOM.



1 -1

_’_7
V1 +e?

sin 6

—&

Temepb ycTaHOBUM CBA3b MEXKIy MapaMeTpaMu yCKO-
PEHHOI'0 ABU2KEHUSA U YIJIOM 9 ,ZLHSI 9TOI'0 MOZKHO BOC-
HOJIb30BaThCs JINOO coorHomenneM (89), 6o (91). Mer
ocranoBuMcst Ha (89). meem

Sw=260 (CY (1+w?)+C7e) .
Orciona momyanm
w w?
d———==00 |1+ — | .
V14e? ( 1+ 52>
3 sroro ypaBHeHUs nMeeM

w

V1+e?

= tané.

1. Ilpeobpasosanue dudpepenyuanos Koopduram

W3 mocsemero COOTHOMIEHHS CIIELYET

V1+e?
Vitw2fe2”’
w

VITeiies

cos 6

sin 6

Toacrasisgs noaydYeHHble BeJUYuHbl B ypasaenue (79),
moryanM mpeobpasoBanus udOEpeHITnaoB KOOPIU-

HaT:
_ 1 1 Vite?
dt = (1 -+ o \/1+w2€+€2) dt’
. w 1 g I+
Vitwire? Viter ¥
e + e V1+e? dw’
Vite? | V1te? V1tw?+e? )
_ 1 w / V1te? /
dip = Vite? Vitw?+e? dt’ + 1+w?+e? dip (93)
w /

___w &
+\/1+w2+s2 V1te? dw’,

_ € e V1te? /
dw = (_ Tte? T T3e? 1+w2+52) di
S R

V1tw?2—e2 /1+e2
2 V1+e?

2
e e
+ (1 T 1tez + T+e? Vitw?te?

) dw' .
TakuM 06pasoM Mbl TOJIYIHIM KOHKPETHBIH BHJI Ipe-
obpazosanuit (79).

s w < 1 u e < 1 npeobpa3oBanust CBOIATCI K
dt = dt/ —wdy’,
dp= wdt' +d¢' +wedw',
dw —wedy' +dw'.

Hepexo,aﬂ K pa3MEpHbIM BeJIM9uHaM, IIOJIYIHUM

dt :dtl—ﬁWd@I,
d(p :wdt’—l—d(p’—l—ﬁwsdw/,
dw :7ﬁw€d@/+dw/.
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B ubioronosckom npegese (mpu Qp — oo u Ep — 00)
noyuumM cucreMy auddepeHnuaabHbIX ypaBHeHui

dt = dt’
dp =wdt +dy',
dv =dw =edt.

VI. BBIBObI

e CrenuajbHasi TeOpUsi OTHOCUTEJIHLHOCTH B IIPOCT-
PAHCTBe-BPEMEHN JIEITOHA 0600IIAeT CIenaIbHy o
TEOPUIO OTHOCUTEIHFHOCTH B 4-X MEPHOM ITPOCTPaH-
CTBe-BpEMEHU.

e I3 jumeiiHpIX TPeodpa3oBaHMii B MPOCTPAHCTBE-
BpeMeHH JIeIITOHa MO2KHO BbIJIC/IUTH IIOBOPOTHI, KO-
TOPBIE OMICHIBAIOT

1. mpsiMosIMHEHOE YCKOPEHHOE JTBUKEHME,
2. paBHOMEPHOE IIJIOCKOE BpAIIEHHE,

3. YCKOPEHHOE ILIIOCKOE BpAIleHHE,

4. yCKOpEHHOe TeJIeCHOE BpallleHue.

e ['pymnma yCKOpEHHBIX TEJECHBIX BpAIEHUN W30-
Mopdua rpymne O(3). D10 06CTOATETBCTBO Clie-

JIyeT UMETHb B BUJY NP (HDOPMYJIUPOBKE JIEKTPO-
€J1aDOr0 B3aMMOJIENCTBUS JIEIITOHOB.



