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von A, Einstein.

DaB die Elektrodynamik Maxwells — wie dieselbe gegen-
wirtig aufgefaBt zu werden ptlegt — in ibrer Anwendung auf
bewegte Korper zu Asymmetrien fithrt, welche den Phanomenen
nieht anzuhaften scheinen, ist bekannt. Man denke z. B. an
die elektrodynamische Wechselwirkung zwischen einem Mag-
neten und einem Leiter. Das beobachtbare Phinomen hingt
hier nur ab von der Relativbewegung von Leiter und Magnet,
wahrend nach der iblichen Auffassung die beiden Fille, daB
der eine oder der andere dieser Korper der bewegte sei, streng
voneinander zu trennen sind. Bewegt sich niamlich der Magnet
und ruht der Leiter, so entsteht in der Umgebung des Magneten
ein elektrisches Feld von gewissem Energiewerte, welches an
den Orten, wo sich Teile des Leiters befinden, einen Strom
erzeugt.
so entsteht in der Umgebung des Magneten kein elekirisches
Feld, dagegen im Leiter eine elektromotorische Kraft, welcher
an sich keine Energie entspricht, die aber — Gleichheit der
Relativhewegung bei den beiden ins Auge gefaBten Fallen
vorausgesetzt — zu elektrischen Stromen von derselben Grobe
und demselben Verlaufe Veranlassung gibt, wie im ersten Falle
die elektrischen Krifte. ’

Beispiele ghnlicher Art, sowie die miBlungenen Versuche.
eine Bewegung der Erde relativ zum , Lichtmedium* zu kon-
statieren, fithren zu der Vermutung, da8 dem Begriffe der
absoluten Ruhe nicht nur in der Mechanik, sondern auch in
der Elektrodynamik keine Eigenschaften der Erscheinungen ent-
sprechen, sondern daf vielmehr fir alle Koordinatensysteme,
fir welche die mechanischen Gleichungen gelten, auch die
gleichen elektrodynamischen und optischen Gesetze gelten, wie
dies far die GroBen erster Ordnung bereits erwiesen ist. Wir
wollen diese Vermutung (deren Inhalt im folgenden ,,Prinzip,
der Relativitit® genannt werden wird) zur Voraussetzung er-
heben und auBerdem die mit ihm nur scheinbar unvertrigliche

Ruht aber der Magnet und bewegt sich der Leiter, .

A. SARUITERH

K 3JEKTPOIHHAMHKE
JABHKYIIETOCA TEJA*

W3BecTHO, 410 371EKTpojuHaMuKka Makceeta
B TOM Bu/e, KaK ee B HACTosiluee BpeMs OOLIKHOBEHHO NMOHHMAIOT, B NIpH-
MeHEHHH K ABHXKYHIMMCS Te/1aM [PHBOAMT K aCHMMETPHH, KOTOpas, 1o-
BHAMMOMY, HECBOHCTBEHHA CaMuM sIBJEHHAM. Bcnomuum, nampuuep,
37eKTPOAHHAMUUECKOE B3aUMOJEHCTBHE MEXAY MArHATOM H NPOBOLHH-
koM. Ha6aionaemoe siBJeHHe 3aBUCHT 3[€Ch TOABKO OT OTHOCUTEJBHOTO
JBHKEHHS NPOBOJHUKA H MATHHTA, B TO BPEMs KaK COTJIACHO OOLIMHOMY
npejcTaBAeHHIo 06a ca1yyasn, B KOTOpbIX A#60 OAHO, JHOO APYToe 3 ITHX
Tesl FABJSETCA ABMIKYIIMMCS, JOJUKHGL ObiTh CTPOrO pasrpaHddeHbl.
B camoM fefe, ecau ABHXKETCA MarHHT, a NPOBOJAHMK NOKOMTCS, TO BO-
KPYT MarHuTa BO3HHKACT 3/EKTPHYECKOR N10/1e, 06/IajaiolIee HEKOTOPBIM
KOJIHYECTBOM 3HEPTHH, KOTOPOE B T€X MecTax, Ie HaXOAATCS YacTH Mpo-
BOJIHKKa, OPOKAAeT TOK. EC/TH e MarHUT HaXOAMTCS B MOKOE, a JBH-
KETCA NPOBONHHMK, TO BOKPYT MaruuTa He BOSHHKAET HUKAKOTo /eKTPH-
qecKOro [0J18; 3aTO B [IPOBOAHHKE BO3HMKAeT 3JeKTPOABHKYIlas CHJA,
KOTOPO# CaMoit 110 cefe He COOTBETCTBYeT HUKaKas SHePrHs, HO KoTopas,
OIHAKO, NMPY OPEANO/ATaeMOM DABEHCTBE OTHOCHTEJIBHOTO ABHIKEHHS
8 OBOHX HHTEPeCYIOUHX HAC C/yYaAX BHI3HIBAET SJEKTPHYECKHE TOKH
Toll 2Ke CWJIbl U TOTO K€ HAMpaBJeHHs, KAK B MEPBOM CJyuae JIeKTPH-
4ecKoe ToJe.

TIpumepbl NOAOGHOTO Poja, Kak H HEyJABIIHECs NONbITKY obHapy-
JKHTb LBHKEHUE 3eMJN OTHOCHTENBHO «CBETOHOCHOR cpeabi, BexyT
K MIPEANOJIOKEHHUIO, 4TO He TOJIbKO B MEXaHHKE, HO U B 3/IEKTPONHHAMHUKE
HUKAKHE CBOMCTBA SBJCHHIA HE COOTBETCTBYIOT MOHATHIO abCOMIOTHOTO
noKos!, U faxe Gosee TOTO — K NMPEANOJIOKEHHIO, YTO s BCeX Koop-
AMHATHBEIX CHCTEM, AASt KOTOPBIX CNPABeJJHBB YyPABHEHH? MEXaHHKH,
HMEIOT MECTO T€ 3Ke Camble 3/1EKTPOLMHAMHUECKHE H ONITHYECKHE 3aKOHbI,
KaK 9TO yKe 0KA3aHO AJs BeJHIHH MepPBOTO NopsAKa. Mbl HaMepeHsl 310
npeanoaoxenye (CofepKanue KOTOPoro B AanbHefiem 6yeT Ha3blBaTh-
€S IPHHIHIIOM OTHOCHTE/LHOCTH) TIPEBPATHTD B IPEANOCHIIKY U CleNaTh,
KpOMe TOro, n06aBOuYHOE AOMYIleHWe, HAXORseecs ¢ MepBbiM JHWb
8 KaXYUIEMCs NPOTHBOPEUHH], a HMEHHO: 4TO CBET B IYCTOTE Beerja pac-
f1poCTpaHsieTcs ¢ onpeeneHHol ckopocThio V, He 3aBHCsLedl OT cocTos-

* «Zur Elektrodxnamik bewegter Kﬁn;p, Ann. d. Phys., 1905, b. 17, s.
891. (CTaTbs noCTynsAa B nenare 8 beplie 30 niowa 1905 r.)
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[image: image2.png]HUA IBUXKCHHA H3JTYURIOUIEro Tesla. 3TH IBe NPEANoCHKH A0CTATOUHb!
4251 TOTO, 4TOGH!, NOJIOKHB B OCHOBY TeOpHI0 MaKCBeNIa 115 HOKOSIILHX-
sl T/, NOCTPOUTH IPOCTYIO, CBOGOAHYIO OT HPOTHBOPEUHH SJEKTPOAH-
HaMuKy ABKHKymuXcs teq, Torza sseneHue <«CBETOHOCHOIO —3Qupa»
OKarKeTCs H3JHUIIHUM, NOCKONbKY B IpeJaraeMoll TeOpUH He BBOJUTCH
«abCOJIIOTHO TOKOSIIeecs] NPOCTPAHCTBOY, HAJEJIEHHOe OCOOEIMH CBOW-
CTBAMH, 8 TAKXKe HH OJHOH TOUKE MYCTOTO NPOCTPAHCTBA, B KOTOPOH
MPOTEKAIOT 3JeKTPOMATrHWTHLIE NMPOLECCHl, HE MPHNHUCHIBAETCH KaKo#-
HHOY/b BEKTOP CKOPOCTH.

Paseusaemas Teopus onupaercs, Kak BCAKas APYTas 3J€KTPOAMHa-
MHKA, HAa KMHEMATHKY TBEPIHIX TeRl, TAaK KaK CYXICHUsi BCAKOH Teopuu
KacaloTcl COOTHOIUCHHE MeX]y TBEPABIMH TeJaMi (KOODJAMHATHBIMU
CHCTEMaMH), 4acaMu M 3JeKTPOMAarHMTHeIME mpoueccamu. Hegpoctatou-
HOE MOHMMaHMe 3TOr0 00CTOATEeNBCTBA — KOPEHbL TPYLHOCTEH, npeoio-

JI€BaThb KOTOPblE NPUXOAKTCS Tenepb ANEKTPOAHHAMUKE ABHXYIIHXCH
Tes.

1. KHHEMATHYECKAS] YACTE

§1.Onpenenenne ofHOBpemeHr
HocTH. [lycTb umeercs KoopaHHATHas CHCTeMa, B KOTOpoil AelicT-
BHTE/bHEI MeXaHuueckue ypasHeHus HpioToHa*. Hasosem sty xoopau-
HATHYIO CHCTeMY 1Al OTJIHYHS OT KOOPJAMHATHLIX CHCTEM, KOTOpbie GyIyT
paccMOTPeHbl MO3JHEE, W AAA YTOUHEHHS MPEICTABACHHS HOKOsLLeHics
CHCTEMOl.

Ecan kakas-nmGo marepuasbHas TouKa HAXOZMTCS B IOKOE OTHOCH-
TeJIbHO 3TOH KOOPJMHATHON CHCTEMBI, TO €€ TIOJIOMEHHE OTHOCHTENBHO
nocaeHeli MoXeT GiTh ONPEAEICHO METOAAMH eBKJIHIOBOH FEOMerpHH
C NOMOIIBIO TBEP/BIX MACILTAGOB H MOXKET GBITh BLIPAMKEHO B AEKAPTOBLIX
KoopauHaTax. Kesas onucars Gsudcenue KaKoi-HHOYIb MaTepHaNbHOH
TOYKH, Mbl JlaeM 3HaYeHHsl ee KOOPAMHAT Kak ¢yHKUu# Bpemenn. Ilpn
STOM C/IeyeT UMETb B BHAY, YTO NOAOGHOE MaTeMATHYECKOE OMMCAHHUE
UMEeT (PH3HUECKHH CMBIC TOBKO TOTAA, KOTAA MPEJBAPHTENBHO BBISC-
HEHO, UTO IOIPa3yMeBaeTCs 3AeCh NOA BpemeHeM. Mol fo/kuEl 06paTHTL
BHHMAHHE Ha TO, YTO BCE HAIUH CYXIEHHS, B KOTOPHIX BpeMs HIpaeT Ka-
KYi0-H00_pOJIb, BCEIA ABJISIOTCH CYKICHHAMA 06 00HOSpeMmentbix Co-
Geumusx. Ecan 51, HanpuMep, rosopio: «dT0T n0e3f NpUOLIBAET ClOZa
B 7 4acoB», TO 3T0 03HAYAET NPHMEPHO CJeayiollee: «Y Ka3aHue MaJeHb-
KOH CTPeTKH MOMX UACOB Ha 7 4acoB H NPUCHITHE N0E34a CYTh OLHOBpE-
MEHHble COOBITHAY**,

MozxeT moKasathCs, 4TO BCe TPYAHOCTH, KACAIOUIHECS onpeneseHus
«BPEMEHH», MOTYT ObITb NPEOJIOJIEHB! TeM, UTO 5 BMECTO CJIOBA <BPEMS»
HAMHIY ¢TI0IOXKEeHHE MaJIeHbKOH CTPeKH MOMX 4acoB». Takoe ompese-

* Hueetcsi B BHIY: JeACTBHTENbHE B NEPBOM HPHGIHIKEHHH.
** 3neck He GyneT oficyxaaTbes HETOUHOCTb, COAEPKAIRAACS B NOHATHH OX-
HOBPEMEHHOCTH ABYX COOBLITHI, COBEpLAIOMEXCA (TPHOIHHTENLHO) B OLHOM W TOM

He MecTe, KOTOPas RO/KHA ObIThb IPEONONeHa TAKKE € NOMOULbIO HEKOTOPOH abCT-
PaKUHH, °
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Jretilie TefiCTBHTEIBbHO AOCTATOUHO B TOM C/ydae, KOTla pedh WIeT O ToM,
4roGbl ONPENeUTh BPEMs HCKIIOUHTENbHO JIS TOTO MECTa, B KOTOp(})(M
gacl Kak pa3 HaxoasTcs. OIHAKO OHO yke HENOCTATOYHO, Kak TOJI: 8
petb GYAeT HATH O TOM, UTOGhl CBA3ATH APYT ¢ APYTOM BO BpEMELi p fo:
COBBITHIL, MPOTEKAIOUIHX B PASAHUHLIX MECTAX, WJIH, 4TO CBOAMTCA K
My e, YCTAHOBHTb BpEMs ANS TeX COOHITHH, KOTOpble MPOUCXOAAT
B MECTAX, YAANEHHEIX OT 4acoB. Kedasm onpelenuTh BpeMs COOBITHI,
MBI MOTJIH Gbl, KOHEHHO, yIOBJETBOPUTHCA TeM, YTOOhl 3aCTaBUTh HEKO-
Toporo HaboaTeNsn, HAXOASILETOCH ¢ YACAMH B HAYaJe KOOPAHHAT, CO-
LOCTAB/ATH COOTBETCTBYIOLIEE (IOOXKEHHE CTPEJKH WACOB C  KaMKLbIM
CBETOBbIM CHMTHAJNOM, UAYUIMM 4epe3 MyCTOTY H AAOWMM 3HAaTh O CO-
GLITHH, MoANexKameM oleHke. TaKkoe COMNOCTaBJAEHHE CBH3aHO, ONHAKO,
¢ TeM HeyIOGCTBOM, H3BECTHBIM HAM W3 ONBITA, YTO OHO He OyIeT Hean
BHCHMBIM OT MECTOHAXOMAeHHs HaGnionaTens, CHa(XeHHOro dacai.
Mgt mpuzeM K ropasfo Gojiee NPAKTHIECKOMY ONPEASIEHHIO MyTeM CAe-
X paccyneHui.
uymén;m ?3 Tozke A npocTpaHCTBA HAXOLATCA 9ackl, TO HaGAlOAATED,
naxoasimufica B A, MOKeT yCTaHAB/I#BaTh BpeMa COCHITHI B Henocpes-
CTBeHHOH G/H30CTR OT A NMyTeM HABMIOCHHA OAHOBPEMEHHBLIX C STHMH
COBLITHSMHE NONOKEHHH cTpetok qacoB. Ecau B gpyroit touke B upo-
CTpaHCTBA TAKIKEe HAXOAATCA 4achl — MEL J06aBUM (TOYHO TaKue e da-
Chl, KaK B A» — TO B HeNlOCpeACTBeHHOH GausocTy oT B Toe BO3;\_/[IO)KH3
BEMEHHAS OleHKa COOHTHi HaxoAfmuMca B B naGmonatened. Ho ne-
B03MOIKHO 6e3 Ja/bHEHUIHX NPE/NOI0KE Ui CPaBHATL BO BPEMEHH Ka-
Koe-HUBY b cobbitne B A ¢ coObiteM B B. Mbl onpee/Iiid MOKa TOJABKO
A-Bpemsi u B-Bpems, Ho He obmee 115 A u B spems. Tlocaennee Momgo
YCTAHOBUTH, BBeLs onpedesenue, 4TO BpeMs, TpeGyemoe CBETY, 4TODH
upuiith us A B B, PABHO BPEMEHH, KOTOPOE CBETY HEOGXOARMO, YTOCH! U3
B wonactb B A. [1lycTh B MOMEHT £4 N0 A-BpemeHH /1YY CBeTa BEIXOAUT U3
A B B, oTpakaeTcs B MOMEHT f5 10 B-spemenn oT B K A u Bosgpainaer-
caHasan B A B £ no A-pemenn. Yach 8 A H B 6¥11y‘r MATH, COTVIACHO
ONpe/e/IeHAI0, CHHXPOHHO, el fp — f4 = {2 — .

MeI cfiesiaeM JOTUIEHHE, UTO 3TO OTPeleieHHe CHHXPOHHOCTH MOXHO
IpoBecTH 63 NPOTHBOPEUHE W IPHTOM NS CKOAB YTOIHO MHOTHX TOYEK
H 4TO BBHIY 5TOrO, CIPABEIVIHBH CoOTHoOmeHHS: 1) ecan dacel B B nayT
CHHXPOHHO ¢ 4acanu B A, T0 9acsl B A HAYT CHHXPOHHO ¢ "acaM 8 B;
2) ecan wacsl B A HAyT CHHXPOHHO KaK ¢ dacamy B B, Tak # ¢ HacaMy
8 C, 10 uacel B B 1 C TakxKe URyT CHHXPOHHO OTHOCHTE/ILHO YT Apyra.

TakeM 06pa3oM, MOMb3YACh HEKOTOPbIMH (MBICAEHHBIMH) (QU3HYe-
CKMMH SKCNIEDHMEHTAMH, Mbl YCTAHOBHJIH, 4m0 HYKHO MOHUMATH 00
CHHXDOHHO HIYIIAMH, HAXOJAAUIMMHCS B PA3/IHUBBIX MeCTaX, MOKOAULM-
MHCS gacamH, u 6Jarojaps 3TOMY, OUEBHIHO, QOCTUIVIH ONpeneJeHds
OOHATHIH: «OFHOBPEMEHHBIA» H «BpeMsi». ¢BpeMst COOLITHA — 9TO ORAHO-
BpeMenHoe € COOnITHEM [0KA3aHHE NOKOSUIMXCS 4acoB, KOTODbIE Ha-
KOIATCA B MecTe COOBITAS M KOTOpPhle BAYT CMHXPOHHO C HEKOTODBIMH
ONpee/eHHEIMI OKOSIIMMHUCS 4aCaMH, NPHYEM C OAHHMH U TeMH XKe
Yacamu npu Beex onpefesenuax spemend. COraacko ONHTY, Mbl mOa2-
raeM takxe, 4to sesuunna 2AB/({4 — ta) = V ecTb yHHBepcanbHasn
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[image: image3.png]KOHCTaHTa (CKOpOCTh cBera B mycTore). CylnecTBEHHHM AIBJISETCH 1O,
4TO Mbl ONPEAE/HAY BPEMS NO TOKOALULEMCH 4aCaM B [OKOSILeRCs creTe-
me; 6yneM HasbiBaTh 9TO BPeMs, KAaK MpUHaAJexallee K MOKOAMErics
‘HeTeMe, BpeMeheM MOKofAleHcs CHCTeMBL.

§2.06 OTHOCHTEJNLHOCTH AJHH U OpPOMENXKYT
K0B BpewmeHn JlanbHefimne coobpaxeHus ONUPAIOTCS HA NPHA-
(UD OTHOCHTE/NBHOCTH M Ha MPHHLHN [IOCTOSIHCTBA CKOPOCTH cBeTa. Mbl
onpenessieM 06a NPHHLANE CASAYIOWHEM 06pa3oM.

1. 3aKkoHbl, N0 KOTOPEHIM H3MEHFIOTCS COCTOAHHA (U3HYECKHX CH-
cTeM, He 3aBHCRT OF TOrO, K KAaKOH d3 JBYX KOODLMHATHHIX CHCTeM,
HAXOMAULMXCS OTHOCHTE/bHO APYT APYra B PaBHOMEPHOM OOCTYMAaTeJb-
HOM [ABVIKEHHH, 3TH U3MEHeHHUs COCTOAHHA OTHOCHATCH.

2. Kasawii 7yy cBera [BHXKETCS B NOKOAMEACA CHCTEME KOOPJH-
HaT ¢ onpesieNeHHOA CKOPOCThIO V HE3aBHCHMO OT TOTO, UCMYCKaeTes JH
3TOT JIyy CBETA MOKOALMMCS uau ABHXywuMes tenoM. Tlpu stom cko-

aylb Jyda cheTa
edem sl 2~ pyueM «IPOMEXKYTOK BPEMEHU» CaENYyeT
NPOMEKYTOK BPEMEHY
IOHHMATh B CMEICJE onpenesenus s § 1.

[TycTe Ham Aan BOKOAWMIACA TBEPAWH CTeP#EeHb H NYCTh ATHHA ero,
U3MepEeHHas Takxe MOKOAMWHEMCeA MaciutaboM, Oyner /. Mo BooGpasum
Tenepb, YTO CTEPIKHIO, OCh KOTOPOro HanpaBJeHa no ock X mokosiuedics
KOODAHHATHOM CHCTEMHl, COOGLIAETCH PABHOMEPHOE H NapaJlielbHOe
och X mocTynatesbHOe ABHKEHHe (CO CKOPOCTBIO U) B CTOpPOHY BO3pa-
craiomux X. Mpl sagazum cee Temepb BONPOC O JVIHHE O8UMCYUIL20CR
CTEpPKHSA, KOTOPYIO MOJIaraeM OMPEAENEHHOH ¢ MOMOLIBIO C/eAYIOUIHX
IBYX omepanui:

a) HabaofaTesb ABUKETCS BMeCTe G YKasaHHHIM Bhlle MaciurtaGom
¥ C H3MEPSIEMbIM CTEPHKHeM H H3MepsieT AJMHY CTEeP:KHS HEeHnoCpeicT-
BEHHO MYTEM NPVKAAbIBAHHA MacluTaba TaK ke, KaK ecn Obl u3MepeH-
HBIfl cTepakeHb, Hab/II0AaTe b 1 MAclUTA0 HAXOAHUAHKCH B NIOKOE;

6) HabnonaTeNb YCTaHAB/MBAET, B KAKHX TOYKAxX MNOKOALLEHCs cu-
CTEMBl HAXOZHTCSI HAYaJIO U KOHEL H3MEPAEeMOro CTEePIKHs B ONpejeneH-
Hblfi MOMEHT BPEMEHH /, IOCPEACTBOM MOCTAaBNEHHBIX B NOKOAWEHCH CH-
cTeMe CHHXPOHHbIX, 8 cMblcie § |, noKosiuxes gacos. Paccronnue Mex-
1y 3THMHM ABYMS TOUKaMH, H3MEPEHHOE YXe ONpPENEsIeHHBIM Bblille, HO
8 9TOM CJydae MOKOSUINMCA MaCIITAGOM, eCTh TakMke AJAHHA, KOTOpYIo
VOO OBO3HAUHTD KAK IJIMHY CTEPIKHA».

Cor/iaCHO NPHHILMNY OTHOCHTE/JbHOCTH, AJMMHA, ONpeje/seMas one-
panueii a) , KOTOPYIO Mbl GyneM HasblBaTh IJHHOM CTEPXKHA B ABHIKY-
ulefic cACTeMe, NOMKHA DaBHATbCA IUIHHE | TMOKOSIUErOCsH CTEPIKHSA.
[lanny, ycTaHaBAMBaeMylo onepalyeii 6). KOTOpYIo Mbl GyaeM Ha3biBaTb
1Auno#l (ABHKYLIErocs)) CTepikHA B NMOKOALIEHCH CHCTEME, Mbl Olpeje-
NUM, OCHOBHIBAACH HA HAWMX [BYX NPHHIMNAX, H HAfjAeM, YTO OHA OT-
nvgHa or .

O6buHO npuMeHsleMas KHHeMaTHKa npuHHMaer Ges OroBopok, 4to
AJUHEL, ONpe/eieHHble TOCPEACTBOM ABYX YNOMAHYTHIX onepauuii, pas-
Hbl APYT APYTY HJH, HHBIMA CJOBaMH, 9TO JBHXKYILEECs TBEpAOe Teao
& MOMEHT BPEMEHH / B TEOMETPHYECKOM OTHOLICHHH BIIOJHE MOXET GbiTh

pocTh =

100

gaMeHEHO meMm Ke TENOM, KOTAa OHO NOKOUWMCS B ONPELENIEHHOM NONOXKe-
anu. TpeacraBum ceBe paniee, UTO K 00OHM KOHUAM cTepHsl (A uB)
[pHKPENEHB! YaCkl, KOTOPHle CHHXPOHHE! ¢ 4aCaMH NOKORLUEACs CHCTe-
Mbl, T. €. TOKa3aHHS HX COOTBETCTBYIOT BPEMEHM HOKOSLLEHCS CHCTEMb!
B T€X MECTax, B KOTOPBIX 3TH 4ackl KaK pas HaXORATCH; C/1eI0BATE/IbHO,
9TH uACH CHHXDOHHB B Mokosiueiics cucreme. [TpeactaBum ceGe saTeM,
97O MpH KaXABIX 92CaX HaXOWTCS ABHXKYLIKHCA ¢ HuMM Habmoaatendb
H 4TO 5TH HAGMIONATEH NPHMEHAKT K OGOMM 4acaM YCTaHOBJEHHbIR
B § | KpuTEpHI CHHXPOHHOCTH XoAa ABYX 4acoB. [lycTb B MOMEHT Bpe-
MmeHun* {, u3 A BHIXOAWT Ny CBETA, OTP2KAETCH B B B MOMEHT BPEMEHH
{5 ¥ BO3Bpawmaercs nasan B A B MOMeHT BpeMeHH /4. [Ipunumas 8o BHU-
MaHHE NIPUELUD NOCTOAHCTBA CKOPQCTH CBETA, HAXOAUM:

’a8 . ’aB
tg—1ts= 0 lg—ig=
s—la=y—" a—1s e

[€ 7ap O3HAYAET MVIMHY ABY)KYUIEroCs CTEPHKHA, HIMEPEHHYIO B NIOKOS:
mefica cucreMe. Mrak, nabaiofartenH, ABHMKYILMECS C [BUXKYIIHMCSH
crepikHeM, HafayT, yTo Yack A W B WAYT He CHHXPOHHO, B TO BpeMs Kak
HgabmonaTeny, HAXOARIIHECS B NOKosAILefics cucTeMe, 06bABHIN Obl Hachl
CHHXPOHHbLIMH.

HTak, Mbl BHAAM, 9TO He CJeAyeT NPHAABATh GbCOAOIMHO20 SHAUCHHA
NOHATHIO ONHOBPeMEHHOCTH. [Ba COOBITHA, ONHOBPEMEHHKE NPH Habni0-
ZIeHHN U3 OAHOK KOOPAHHATHON CHCTEMbl, HE BOCNPHHAMAIOTCA GoJlee KakK
O/IHOBPEMERHLIE IPH PACCMOTPEHHH U3 CUCTEMbl, ABHMYULEHCA OTHOCH-
T€/bHO JAHHOH CHCTEMbI.

§3. Teopus npeocbGpasoBanus KOOpPAMHAT
M BpeEMEeHH OT NoKoamefca CHCTeMbB K CHCTE-
Me, HaxoasuweNHcn B PaBHOMEPHOM mocTyna-
TeAbHOM ABHXKEHHHM OTHOCHTENBHO nNepBoOR
MMycTb B NOKOSIIEMCA NPOCTPAHCTBE AaHH ABE KOOPAHHATHHIE CHCTEMBI,
KaxAan ¢ TPEMs B3aUMHO NEPNEHAHKY/APHLIMH TBEPABIME OCSIMH, Bbl-
Xopsmumu u3 ogHoft toukH. [lyeTs ocu X ofenx cucrem cosnazanr, a
ock Y o Z 6yRYT COOTBETCTBEHHO NapaJsebhbl. [1ycTh Kaxjas CuCTe-
Ma cHaGeHa MaciiTaboM B HEKOTOPBIM UHCJIOM 4acoB H NycTb 06a Maciu-
Taba M Bee Yack 06EMX CHCTEM B TOUHOCTH OfHHaKoBh. Hauaabuoil Touke
ONHOH M3 TuX cHcTeM & coofliaercs (NOCTOAHHAA) CKOPOCTb U B Ha-
[IpaBJeHHH BO3PACTAIIHNX X APYroli, noKosulefics cuctemsl K, ckopocTb,
KOTOpas MEepejaeTcs TaKKe KOODPAMHATHBIM OCAM, Macmtaly u yacaM.
Torzma kaxnoMy MOMEHTY BpeMenn ! nokosinefics cucTembl K cootserct-
BYET ONpEJENEHHOE MOJIOXKEHHe Ocel IBHIKYeACA CHCTEMBl, H MBI 1O
CoOGpaXKEeHNAM CUMMETPHH BIpaBe ACHYCTHTH, YTO ABHMKEHHE CHCTEMbI
& MOKeT GbITh TaKMM, YTO OCH ABIXKYILEHCH CHCTEMbl B MOMEHT BpEMEHH
{ (depes ¢ B nanbHeiimem ByIeT 0603HAUATLCS BPeMs NOKOAMIEHCS CHCTe-
MEI) Gy4yT napansesibHbl OCAM NOKOAMEACs CHCTEMBL.

* 3pech «Bpemsi» 03HAYAET «BPEMs NOKOAWEHCA CHCTEMBI» H BMeCTe C TeM
£10JI0KEHHE CTPENIKH ABRIKYILUXCH HACOB, KOTOPble HAXOAATCS B TOM MECTE, O KO-
TOPOM HZET peubs.

101



[image: image4.png][Tpencraum cefe Temeps, 4TO NPOCTPAHCTBO U3MEPEHO KaK B NOKOS-
mefics cucteme K NOCPeACTBOM NOKOSALIErocs 8 Hel MacluTaba, Tak 4 B
ABHXYWEHCH CHCTEME R MOCPeICTBOM ABHXKYIUErocs ¢ Heli Maciurtaba
¥ 9T0 TakHM 00pasoM MoJyuYeHs KOOPAHHATH X, y, Z H COOTBETCTBEHHO
E, n, {. Ilycre fajee ¢ nOMOUIBIO MOKOAIMMXCA 9acOB, HAXOAAMHXCH
B OKOSILEHCS CHCTEME, W CBETOBBIX CHMTHAJOB CNOCOGOM, YKA3aHHBIM
B § 1, onpesensiercs Bpemsi { NOKOAIUIEHCH CHCTEMBl A5 BCEX TeX TOYEK
nocaefHel, B KOTOPBIX HaxomaTcs uach. [1ycTb 3atem Takum xe o6pa-
30M ONPENeNsAeTCH BPeMA T ABHIKYLEHACH CHCTEMB! As BCeX TOYeK STOH
CHCTEMBbI, B KOTOPbIX HAXOAATCH NOKOSIMECH OTHOCHTENbHO MOCHAEAHEl
4achl, yKa3aHHEIM B § | MeTONOM CBETOBbiX CHTHAJIOB MEXAY TOYKaMH,
B KOTODBIX 9TH NOCJAENHME Yachl HaxoaATcs. Kaxpoii cucreme sHauenus
X, 4, 2, £, KOTOphi€ BHOJIHE ONPEALNADT MECTC W BpeMs COGLITHS B M0
KOfILLENCS CHCTEME, COOTBETCTBYeT cHcTeMa SHauenudl E, w, L, T, ycra-
HaBMUBAIOWAs 3TO COOBITHE B CHCTEMe &, ¥ HEOOXOAUMO Teneps Hafitu
CHUCTEMY YDaBHEHHH, CBASHIBAIOMINX 3TH BETUUYUHEL.

[pexze Bcero sicHO, 4TO 9TH ypaBHeHUS, JOXHLI ObITb AUHEdHbLMU
8 CHJY CBOHACTBA OJHOPOILHOCTH, KOTOPOE Mbl TPHIIUCHIBAEM MPOCTPAHCT-
By u BpemeHd. Ecap Mbl nosoXuMm x' = x — Uf, TO fiCHO, 4TO TOuKe,
foKosiulefics B cucTeme R, GyNeT NpuHajIeXaTh ONpEE]EHHAA, He3a-
BHCHMAf OT BDeMEHH cHcTeMa sHauenufl X', y, 2. CHauasa onpeneanm ©
KaK QyHKUMIO o7 X, ¥, 2, £. JLns 5Tofl ueJsiH MBI SOJXKHB! BHIPA3ATD C TO-
MOLLBIO HEKOTOPBIX ypaBHEHHH, YTO T N0 CBOEMY CMBIC/AY €CThb HE 4TO
HHOE, KaK COBOKYIHOCTE NOKA3aHH# BPEMEHH YacOB, KOTOPLIE NOKOSTCS
8 CHCTEME £ A KOTOpBIe Gbi/H YCTAHOBJIERE CHHXPOHHO [0 IPABHUJY, AaH-
Homy B § 1.

[TyeTb 3 Hauana KOOPAMHAT CHCTEMbI £ MOCHIAAETCS B MOMEHT Bpe-
MEHH To JIYY CBETa BAOAb X B TOYKY X' M OTPaXaeTCs OTTYAa B MOMEHT
BPEMEHH T, HA3aA B HAYAIO KOOPAMHAT, KYla OH IPHXOLHT B MOMEHT Bpe-
MEHH T,. TOrfa JOJKHO HMETb MECTO PABEHCTBO (T, + To)/2 = 1,, HJH,
BBIHCHIBAA APTYMEHTH! QYHKUHH T U NPHMEHHB OPUHUMI [OCTOAHCTEA
CKOPOCTH CB€Ta B MOKOsLieHcsH CHCTeMe, HMeeM

5[0 0.0, 6 (0.0.0 {rristimt))=

=>r1()c', 0.0 42—,
. Vo
ECJ]M B3sTh x° 6ec KOHEUHO MaJkeiM, TO

! 'nl)m":()'[‘klav
2 (V-UTV-FL', o ox’ Vv &t

wiy
o v ot

L")
o L Vlor o

Heo6xoauMo 3aMeTHTb, 4TO MBI MOIVIH GBI BMECTO HaYasia KOOpAH-
HaT BLIOPATH BCAKYIO APYIYIO TOUKY B KAYECTBE OTMPABHOH TOUKH J1yua
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cBeTa, M TO3TOMY TOBKO 4YTO MONYYEHHOE YPaBHEHHE CIpaBelIuBo Mln
Beex sHauennfi X', y, 2. EC/M IpHHATD BO BHHMANKE, 9TO CBET BIOJL OCel
Y W Z npy HaGAIONEHHE W3 NOKOSILEACH CUCTEMB! BCETAd pacnpocrpa:
pseres co ckopocthio Y VE— o7, To asanornuhoe paccy¥AeHHe, UPH-
MeHEHHOE K STHM OCAM, A4er:

gv/dy = 0, 0v/dz = 0.
Tak KaK T eCTb AuHelinas GyHKUHAR, TO U3 STUX ypaBHeHHH caelyer

T=a (t — _VT:? x’/\ ,
[Iie @ — HEeH3BeCTHas NoKa PyHKHus ¢ (U), # PalH KPaTHOCTH IPUHSTO,
4TO B Hauaje KOOPAHHAT CHCTeMb & npy T = 0 Takke { = (3 Moabsysch
STHM PE3YJLTATOM, JIETKO HAHTH BEAHUHHK £, L. C s10f denbio (kax
aroro Tpefyer MPHHLIUN OCTOAHCTBA CKOPOCTH CBeTa B COCANHCHHH
¢ NPHHUKNOM OTHOCHTEJIBHOCTH) HYIKHO ¢ IOMOUIbIO ypaBHEHIH Bhipa-
3HTb TO OBCTOATENBLCTBO, 4TO CBET [IPH U3MEPEHNN B ABHXKYUIEACH CUCTe-
Me TaKe PACIPOCTPABAETCS €O CKopocTbio V. das ayua ceera, nyue-
HOTO B MOMEHT Bpemenn © = () B HanpasJeHHU BO3BPAULAIOLIHX E, umeem:

/ o ,
—:ath——mx ) .

Ho ayu cBeTa ABHKETCH OTHOCHTEJIbHO HAUANA KOODAMHAT CHCTEMbi
b - OpH U3MEpeHHH, OPOHIBEeHHOM B MOKOswehics cucieme, — €0
CKOPOCTbIO V — U, BCIENCTBHE 9€ro UMEET MEC1o X IV —v) =t
[TofCTaBHE 5TO 3Hadenue ¢ B ypasHeHue 4ns §, 10ayUHM
v,
E=u ey x.

E=Vt um

PaCCManHBaﬂ JIYYH, ABUKYlIKHEEs BAOMAL ABYX JAPYTUX OCeH, HAXO-
AnUM aHaJMOryuHbIM 06p330M

n=Vi=aV (t-—-v—ii?x’),

npuuen y/Y VE— 0 = t; x' = 0; caenosarensto,

12 v
= ——— —q z
=TT M ey

nOIlCTaBHB BMECTO x' ero sHauyenue, floayunM:
14

1=g(v)p (t—-v—zx)
E=gq(v)plx—ot)

=g}y,
I=g¢(v)2,

rie B=1 VT —(0/V} u @ — seusBecTHas noOKa ¢dynxkuua OT 0.
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[image: image5.png]Ecu He fes1aTh HUKAKUX NPEANOJONEHHA O HAYANBHOM OOJOKEHHH
ABHXYIEACH CHCTEMB M O HYJ/€BOH TOUKe NEPEMEHHON T, TO K NpaBhM
HacTAM STUX ypaBHEHHWA HeoGXOAWMO MPHNHCATHL MO ONHOR aZAHTHBHOM
NOCTOAHHOM.

Mul a0o7KHB TeNeps HOKA3aTh, 4T0 KAXKABI Ayd CBETa — NPH H3Me-
peHnH 8 ABHXKyIiefics CHCTeMe — PaclpOCTPaHACTCH CO eKOpocThio V,
€CJIR 3TO, COTJIACHO HAleMy HONYIIEHHIO, MMeeT MEecTo B MOKosimedcs
CHCTeMe, HGO Mbi ellle He [OKa3ajH, YTO MPHHUHT 10CTORHCTBA CKOPOCTH
CBETA COBMECTHM G (IPHHILMIIOM OTHOCHTEJbHOCTH.

[TycTb B MOMeHT BpeMeHu f = T = ( u3 OGUIErO B ITOT MOMEHT 1%
00eHX CUCTeM HAUa/la KOOPAMHAT NOCHMAETCH chepHYecKas BOJHA, KO-
TOpas pacmpocTpansiercs B cucteme K co ckopoetbio V. Eean (x, g, 2) —
€CTb TOYKa, AOCTHTHYTas STOR BOJHOH, TO xg + 4* + 2* = V*2. B pe-
3y/IbTaTe TPOCTOro BEIMACHEHHSA, HCTIOMB3YIOMErO POPMyJI Npeobpaso-
BaHHsA, 970 ypaBHewue npumet BuA E* + n? + [ = V22 Hrak, pac-
CMaTpHBaeMas BOJIHA, HabJolaeMas B ABHXKYWEHCH CHCTEME, eCTh TOXKe
cpepHueckan BOJIHA €O CKOPOCTbIO pacnpocTpaenns V. Tem caMem fo-
Ka3aHo, 9TO HAllM /184 OCHOBHBIX MPHHUHNA COBMECTHME],

Beisenennsie opMysibi mpeoGpasoBaHus COXEPKAT HEHSBECTHYIO
(QYHKIHIO @ OT U, KOTOPYIO MBI Tenepb onpenenuM. st 3TOH teaH BBe-
ZeM TPeTbI0 KOOPAHHATHYIO cHcTeMy K', KOTOpas OTHOCHTENLHO CHCTe-
Mbl K coBepIaeT mocTynaTenbHOe ABHKEHHE Mapajlie]bHO ocH X TAKHM
00pasoM, 4TO ee HAYANO KOOPAHHAT ABHAKETCA €O CKOPOCTBIO — U MO
ocH X. [lyctb B MoMenT Bpemenn £ = 0 Bce Tpu Hauana KOODJHHAT COB-
NajaioT K NYCTb NPH [ = x = y = z = 0 Bpems ¢ cuctembi K’ papuo 0.
flyers ¥', y', 2 cyTs KoOpaHHATH, H3MepeHHbe B cucTeme K'. [locae
ABYKPaTHOTO OpHMeHeHHs HaluX GOPMYA mpeobPa3OBARHA MOSydaeM:

U=9(—0)B(—0}t+-2tl =g p(~0v)¢
V‘I

¥ =(—0B(—o){f+ot} =g () p(—0v)x,
¥ =9 (—un = o (e (—v)y,
7 =q(—0)l =9 @Oy (—ov)
Tak kak cooTHOmeHus Mexay ', y', 2’ 4 x, y, 2 He COREPIKAT BpeMe-
HH ¢, To cuctemsl K n K’ HaxofaTcs B [l0KOe OTHOCHTENbHO IPYT Apyra,
H ACHO, uTO npeobpasosanvie ns K # K' 10AKHO GHTH TOMIECTBEHHBIM
npeo6pasobanueM. CrienoBaresnuo,
P (Ve (—vy = L.
BoisicHuM Teneps sHauenue (pyHKIHH ¢ (v). Lna storo pacemorpum
Ty 4acTb OCH ¥ CHCTeMEl 2, KOTOpag JNEXHT mMexay € =0,n=0,{ =0
uf=0,n=1{1¢=0 3rauacts ocu ¥ ectp CTepKeHb, ABHKYUIHACA
nepnex—umxynﬂpﬂo K cBOe#i ocH co CKOPOCTBIO U OTHOCHTENbHO CHCTEMbI K.
Konubi storo crepxus umeior b cucreme K caenyiomue KOOPAMHATHL

xu=vh gy =1llp@),2=0
R
Xy =0l y, =0, 2, =0,
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Mliuna crepxHA, uaMepeHHana B K, paprsercs, TakuM obpasoM,
I/ (v), TeM CaMbIM BHISICHEHO ¥ 3HaueHwe QyHKnuYM ¢ (v). B camom je-
Jle, HCXOJIA U3 co0OpakeHHHA CHMMETpPHY, IGHO, 9T0 U3MEPEHHan B NOKOs-
mefica cHCTeME AJHHA HEKOTOPOTO CTEPXKHS, ABHXKYIIErocs NepHeHj-
KyASIDHO K CBOEH OCH, MOMET 3aB4CETb TOJBKO OT CKOPOCTH, HO HeOT
HATpABJEHUSA # 3HAaKa ABHXeHHA. CefoBaTesibHO, ANHHA ABHKYUIErOCs
CTEPXKHS, U3MEPEHHAA B NOKOAUWEHCS CHCTeME, He H3MEHSETCA, eCid U
3aMeHuTh uepe3 —u. OTcona caenyet:

Lo (v) =l (~v) nan ¢ (@) = @ (—0).

K3 37010 ¥ HAAEHHOTO NPEXKAE COOTHOUICHHS caelyeT, 4To @ (V) = 1,
nosToMy HafileHHHe (opMyJibl NpeoOPasoBaHNs NePEXOAST B CheAylo-

fHe:
t=ﬁ(t—-;-“x) .
E=px—u),
n=y t=g¢

e =1V 1—(v/VY .

§4. PusvyeckKHH CMBHICA NONYYEeHHBW X YpPaBHE-
HUB LA ABUXKYULHXCA TBEPABX Teda #u ABUHKY -
muxcsa yacoB. Mbo paccmaTpuBaeM TBepAblli wap* paauyca R,
HAXOAAWMHACH B NOKOE OTHOCHTENIBHO ABHIKYIIEHCA CHCTEMBl R, npuuem
WEHTD Wapa cosnagaeT ¢ HA4YaJOM KOOPAHHAT cucteMsl k. Y paBHeHueM
ITOBEPXHOCTH 9TOTO LWApd, ABHXKYLUIETOCH OTHOCHTENbHO cHcTeMw K co
CKOpoCThIO U, Oyner

B4+ P+ =R

YpaBHeHue TOH e OBEPXHOCTH, BHIPAXEHHOE 4epes X, y, Z. B MO-
MeHT BpemenH /£ = ( uMeeT BAA

(VY T—To3)?

Tsepace Tes10, KOTOpoe B NOKoe o6aanaeT GopMoll wapa, UMeeT, ciielo-
BaTe/bHO, B ABHMKYLIEMCA COCTOSHHH — MIPH HAOMIOLEHHH K3 NOKOsi-
welica cucTeMb — (GOPMY AJHNCOHAA BPaileHHA ¢ HOJYOCAME

RV1 —(v/V¥ R, R.

B 10 Bpemn Kak pasmepsl wapa no Y u Z (a cienoBaTeNbHO, TaKiKe
BCKOPO APYrOro TBEpAOro Tena Jio0ofi GOPMBI) 0T ABHXKEHHS HE H3Me-
HAIOTCA, pasmepnl no X CoKpamaiorea B otrowenun L1 V1 — (v/V)?
U TeM cuJsbHee, yeM Gosibiue v. Ilpn v = V Bce nBrKyuiHecs oGbeKTH,
Hal/l0laeMble H3 NOKOSLIEHCA CHCTEMBI, CIVIOLLABAIOTCS B N0CKHe (u-
rypoi. las ckopocTeli, NpeBbILAIOIAX CKOPOCTb CBETa, HAllH coobparke-

+yr =R

*T.e Te/0, KOTOpOe NPH HCCACAOBAHUH B COCTOAHHH NOKOs HMEET WapoBY)

Gopmy
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[image: image6.png]Ecan He nenath HMKAKMX NPEANONONEHMN O HAYAIBHOM NOMOKEHHH
ABUXYLIEACS CHCTEMBI H O HYJICBOH TOUKe MEPEMEHHON T, TO K NpaBbiM
HACTAM STHX ypaBHeHWH HeoGXOAMMO MPUNHCATE U0 OAHOA aAJHTHUBHOM
fIOCTOAAHHOM .

Mbl S0O/KHEL TENIEph [10KA3aTh, 410 KAXKABIA 1YY CBET3 — NPH H3Me-
PeHHH 8 ABHKYyUWeNcs cHCTeMe — PaCIPOCTPaHACTCS CO eKOpPOCTbIo V,
€CJIW 3TO, COTJIACHO HAallieMy NOMYUIEHHIO, HMEEeT MecTO B fOKosLIeHCs
CHCTeMe, HOO Mbl etlte He 4OKa3a/H, YTO MPUHUHN MOCTOSAHCTBA CKOPOCTH
CBETA COBMECTHM @ MPHUHIIIOM OTHOCHTENLHOCTH.

[Tycts B MOMeHT BpeMeHH / = T = 0 W3 OBUIETO B 3TOT MOMEHT IR
00eHX CHCTeM Haua/a KOOPARHAT NOCHMAeTes chepHIecKan BOJNHA, KO-
TOpas pacnmpocTpansieres 8 cueteme K co ckopoetbio V. Ecan (x, y, 2} —
€CTb TOYKa, NOCTHTHYTAR 3Tofl BOMHOH, TO x* + y? + 2* = V2 B pe-
3y/IbTaTe POCTONG BHIYUCTEHHS, HCTIOIB3YIOMEro GopMyJibi 1pecbpaso-
Banu7, 910 ypaBhenye npumet ua E* + n? + [? = V™% Urak, pac-
CMaTpHBaeMasn BOJIHA, HabuioNaeMast B ABHXKYLWIEHCH CHCTEME, eCTh ToXKe
ciepuueckas BO/IHA €O CKOPOCTbIO pacnpoctpanenus V. Tem camuM fo-
Ka3aHo, MTO HAWM [1BA OCHOBHBIX MPHHIHNIA COBMECTHMEL.

Brisenennsie popMysibt Mpeo6pasoBaHun  CONEPKAT HEHSBECTHYIO
(GYHKIHIO @ OT U, KOTOPYIO Mbl Tenepb onpereaum. JLis 5Tofl ueay sBe-
ZeM TPETbIO KOOPAHHATHYIO cHcTeMy K', KOTOpas OTHOCHTENLHO CHCTE-
Mbl K coBepuaer nocTynaTe/bHoe ABHAKeHHE NapaJieNbHO ocH X TAKUM
06pasoM, 4TO ee HAYA/NG KOOPAMHAT ABHIKETCH €O CKOPOCTHIO — U [0
ocr X. [lyctb B MoMenT Bpemenn f = 0 Bce Tpn Hauaja KOODJHHAT COB-
NajaloT B NyCTh IpH £ = % = y = 2z = 0 ppeMs ¢ cuctemnl K’ paso 0.
flyers x', y, 2 cyTs KoopaHHATH, H3MepenHbie B cucteme K'. [locae
ABYKPATHOTO OpHMEHEHHs HawuX GOpMyn OpeoGpasoBaHAS MOJydYaeM:

=9(~ab(~a i+ =o@e(—oy

F=0(—0B(—0)E+ut}=9(v)p(~0)x,
Y = (—un = ¢ () (—v)y,
Z =o(—ol =9 @ (—ov2
Tax xak cootHowenus Mexay x', y', 2’ 4 x, Y, 2 He cofepiKaT BpeMe-
Hu £, o cucteMsl K n K’ HaXoRsiTcs B OKoe OTHOCHTENBHO APYT Ipyra,
H fICHO, UTO fpeoGpasoBanye #3 K u K’ J0/KHO LT TOMIECTBEHHBIM
npeoGpasobanueM. CrenoBaresbHo,
¢ O (—v) = L.
BoisicHum Tenepn sHaueHue Qyrkuuu ¢ (v). Jas storo paccMoTpUM
Ty 4acTb OCH ¥ CHCTeMEl 2, KOTOpas NEMHT mMexay € =0,n=0,{=0
uE=0,n=1{1%=0.3rauacte ocu ¥ ecrs CTepIKeHb, IBHKYIMIMACA
NEePNEeHANKYISPHO K CBOEH OCH CO CKOPOCTBIO U OTHOCHTEJIBHO CHCTeMbl K.
KoHuwi s10r0 crepxus umelor 8 cucreme K caegyiomue KOODAHHATHI:
Xy =10ty =llp @),z =0
]
Xy =l Yy, =0, 2, =0.
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Iluna crepxus, usMepennas B K, paBuserca, TakuM o6pasoM,
I/@ (), TeM CaMBIM BHISICHEHO u SHauehue QyHKuMM @ (v). B camom je-
Ne, UCXOs U3 COOOPaKeHHH CHMMETpUH, IGHO, 4TO USMEPEHHAsH B HOKOs!-
(mefic cHCTeME AJIHHA HEKOTOPOro CTepKHS, ABHAKYHIEroCs nepreHiH-
KYAstPHO K CBOEH OCH, MOXET 3aBUCETb TOJbKO OT CKOPOCTH, HO He 0T
HanpaB/JeHua U 3HaKa ABixkeHns. CnenoBaTenbHO, THHA ABHXKYLIETOCH
CTEPKHA, H3MEPEHHAR B MOKOSUEHCA CHCTeMe, He M3MEHSIeTCs, ecd U
samenuTh uepe3 —u. OTclona caenyer:

e @ =l (—v) nwm ¢ (v) = ¢ (—0).

M3 9TOr0 U HalilAEHHOTO NPEXKAE COOTHOMWEHNS cliefyeT, 4To ¢ (U) = I,
nostoMy HafileHHHe QopMyJsbl npeoOpasoBaHMsA NePEXOAAT B CIEAYIO-

fIHe:
t:ﬁ(t—»;—ax) R
E=1fx—uw,
n=y L=z

rre B=1V 1—(0/V)? .

§4. PusuvuecKHH CMBICA MONYyYeHHHN X YPAaBHE-
HHA AAA ABHKYWHXCA TBEPAL X Tea H ABHXY-
muxcsa yacoB Me paccmaTpupaem TBepasifi map* paamyca R,
HaxoJAwWHACH B NIOKOE OTHOCHTENBHO ABIKYLIEHCS CHCTeMbl 2, TpHYeM
UEHTP Wapa coBNazaeT ¢ HAYANOM KOOPAHHAT CiCTeMbl k. Y paBHeHleM
OBEPXHOCTH ITOTO Wapa, ABHMKYULEroCs OTHOCHTEAbHO cHCTeMb K co
CKOpOCThIO U, Byner

B4+ =R

YpasHenue Tofi e NOBEPXHOCTH, BHIPAXKEHHOE Uepes X, y, z. B MO-
MEHT BpeMeHH ¢ = 0 umeeT BHA

2

(VY T=(o/vy2)?

Taepaoe Tes10, KOTOPOe B MOKoe 06Janaer GOopMoii [apa, UMEeT, CJelo-
BaTe/bHO, B ABHXYIIEMCA COCTOSIHHM -~ NPH HaOJIONEHHW H3 TOKOS-
weics cucTeMbl — GOPMY 3JJHNICOHA3 BPAILEHHS € ONYOCAMY

RV1 ~(0/Vy R, R.

B 10 Bpems Kak pasmephl wapa no Y u Z (a ciefoBaTensto, TaKkxe
BCSIKOIO APYroro TBEpAOro Tesa o60i (OpMbI) OT ABHKEHUS HE HiMe-
HAOTCR, pasMepsi no X coKpalawores B oTHowewun I V1 — (v/V)?
M TeM cuJjbhee, yeM Gosibime v. Tlpu v = V Bce npuxkymueca oGbekThl,
Hab01aeMble U3 NOKOAUIEHCS CHCTEMBI, CIUIIOLHBAIOTCA B NJIOCKHKe (-
rypel. las ckopocTelt, NpeBHILAIONIEX CKOPOCTh CBETa, Halll coofpaxe-

: yZ ‘r ¢ R2.

*T.e TeN0, KOTOpOe NPH HUCCACAOBAEUN B COCTOSHHH NIOKOS WMeeT LapoByio

dopmy
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[image: image7.png]HHS TepSIOT CMBIC; BIPOYEM, H3 JaJbHEHINX paccykieHu# Gyner sui-
HO, YTO CKOPOCTb CBETA B Hawei TeOpuH (PH3UUECKH HUIpaeT postb Gec-
KOHEUHO 60BN CKOPOCTH. SICHO, YTO TE e pe3yAbTaThl M0/y4aioTces
AN TEJ, KOTOpble HAXOANTCH B MOKOE B MOKOSIUEHCH CHCTeMe, HO pac-
CMaTPHBAIOTCS U3 PABHOMEPHO IBUMCYIIEHCH CHCTEMBL

TlpencrasuM ceGe Aanee, 4TO ONHM M3 4acoB, KOTOpblE, HAXOAACH
BTIOKOE OTHOCHTE/TbHO NOKOSIIeHiCs CHCTEMb), NOKA3bIBAIOT BpeMs £, a Ha-
XOAIACh B TIOKOE OTHOCHTEJBHO ABHIKYUIEHCS CHCTEMbl, TOKA3bIBAIOT Bpe-
MSl T, IOMELICHH B Hadajle KOOPAHHAT CHCTEMB! £ H MOCTaBJEHH TaK, UTo
noKasbiBaloT BpeMa t. Kak GhICTPO HAYT 5TH 9achl IPH PACCMOTPEHHH H3
nokosiefics cucremb? BeanuuHsl x, £, T, KOTOpbIe OTHOCATCS K NOJOKe-
HUIO, 3aHHMAeMOMY STHMH 9acami, OUEBHIHO, CBA3AHB yPaBHeHHAMH:

t='—[t~—(v/V")xI 0 x=0ut

V T=(wivy
Taxkium o6pasom,

1=t YT —(@VPE=1-(1 —¥YT—(/VP)¢

OTKyNa clefyeT, 4To MoKasaHHe uyavos (Hab/uojaeMoe u3 mnokxosuefica
CHCTEMbI) OTCTaeT B ceKyuay Ha (1 — VT —=w/V) cex, uan — ¢ tou-
HOCTBIO [0 BEJIHYHHbI YETBEPTOrO H BLICLUAX NOPAAKOB — Ha (v/ V)2 cex.

Orciona BHITEKaeT cienyouiee cBoeobpasHoe caencrsHe. Ecan B Tou-
kax A n B cucreMul K uMeloTCs nogoswyecs, HAyLUe CHHXPOHHO 4achl,
HabmonaeMele B MoKosAweHcs cHcreMe, U Mbl GyjieM ABHraTbh dachl M3 A
10 JUHHK COEJHHEHUs B CTOPOHY B €O CKOpOCTBIO U, T0 [0 DpHOLITHR
ITHX Yacos B B OHH He HAYT yxke Gojiee CHHXPOHHEO ¢ yacamy B B. Yach,
nepeiBurasmuecs u3 A B B, OTCTAIOT CPABHUTEILHO € YaCaMH, HAXOAUB-
wuMHCs B B ¢ caMoro Hauadjia, Ha v/ V)*/2 cex (¢ TOYHOCTBIO 0 BeJHUYHH
YeTBEPTOrO ¥ BHICIIMX NOPSIKOB), €C/H { — BpeMs, B TEYeHHe KOTOPOTo
qacel u3 A aAsHranuce B B. Cpa3y BUIHO, UTOT 3TOT pe3yJ/bTarT Noayyaer-
Csi ¥ TOrAa, KOTAa 4achl ABHTaoTCs No Mo6ol JoMaHoll JMHAH, a Takxke
Toraa, korga Toukn A W B cosnagawor. Ecau npunaTe, UTO pesyabrar,
NIOKA3aHHBIA A% IOMaHOW JIHHUY, BepeH TaKXKe /151 HElIPEPHIBHO MEHSIO-
el cBoe HanpapJeHne KPHBOH, TO MOTyuaeM CUELYIOLULYIO TEOpEMY.

Ecan 8 A HAXORHTCH [BOE CMHXPOHHO MAYLIAX YACOB M MBI epeme-
II12eM OfHH M3 HUX [0 3aMKHYTOH KPHBOH C MOCTOSHHON CKOPOCTBIO IO
Tex Hop, oKa OHu He BepHyTcs B A, Ha 4TO norpebyercs, CKameM, f cex,
TO 9TH 4achl 10 NPUOGLITHA B A GyAyT OTCTAaBaTh MO CPABHEHHMIO ¢ OCTAB-
WIAMHCH HENOABHAHO yacamu Ha ¢ (v/V)¥2 cex.

Ortciona MOXHO 3aKJIOYHTD, YTO HacH ¢ GajgaHcHpoM, HaxXosiuipecs
Ha 3KBATOpE, LO/IKHE Ha OueHb HeGOJBIIYIO BEIHUHHY HATH MejJicH-
Hee, deM TOUHO TAaKHe e Jachl, OMEIIeHHbIE Ha NOJII0CE, HO B OCTA/lbHOM
IOCTAB/IEHHBIE B T XKe YCJOBHA.

§5. Teopema caoxeHHR cKopocTei [lycrs B cu-
cTeMe k, nepeMelalowedicss co CKOpoCTbio U Bosb ock X cucremn K,

HBHIKETCH TOYKA COTJIACHO YPaBHEHHAM:
E=wgt. N=wyt (=0,
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rie @y M Wy — nocTOARHEe. HyXHO HAHTH ABH:KERHHE TOUKH OTHOCK-
genbHo cucTemi K. Ecan BBecTd B ypaBHEHHR JABHXXEHHS TOYKH G mO-
Mollbio OpMYa npec6pasoBaHisl, BHBEICHHHX B § 3, BesIMUHHAD X, ¥,
2, ¢, TO DOJY4YHM:

x=——————-wg+b t,
le(owyv )
_YI=@ivp
y= 19 (vw/V?) @nt
z2=0.

Vrax, 3aKoH MapajiiesorpaMma CKOPOCTe Mo Haeld TeopHH BepeH
TOMbKO B NepBoM npubauxenuu. [lonoxuM,
UR = (dx/dt) + (dyl dt),
w? = wi + wi,
o = arctg w,/w,.

e o HY)XHO PACCMATPHBATh KaK yTO/ MeXIy CKOPOCTAMH U # W. [Mocse
NpOCTOr0 BHIYHCACHH moJ1ygaercs
U= V (0 4 w® § 20w cos a) — (vw sin a/V)? .
14 (vw cos a/V")

3ameuareJbHO, YTO U W @ BXONAT CHMMETPUYHO B BEIDAXKEHHE N/If
pesyapTHpyOUWell cKOpocTs. Ecau @ Toxe MMeeT HampaBJeHHE OCH X,
10 hopmysa aia U npunumaer c/eaylomUi BHA

U=(v+w)/(1+%")

M3 sToro ypaBHeHHS cJielyeT, 9T0 pesyJbTHpYolllan CKOPOCTb, NO-
AysaeMasi OT CJIOMEHHA LBYX CKOPOCTeH, KOTOpble MeHblue V, Bcerna
vetbie V. [Monaras v = V — %, w = V — A, rae x 4 A ofa nojoxu-
TeNibHbl B MeHbile V, umeeM

U=V Y —rx—h
A

2V—u—7~+7

<V.

Ilanee enenyer, 9T0 GKOPOCTb CBeTa V OT enioeHus €o CKOPOCTbIO,
KOTOpas MeHbINle CKOPOGTH CBETa, He MOXeT 6wt usmetena. [las sroro
cayuas (oJydaercs

Ve
1 +(@/V)

B ToM caydae, KOrAa U W @ HMEIOT OJHAKOBEIE HANPAaBIEHHS, Mbl
Mor/iH 66l MOYInTb (opmyay Aafl U Takike MOCPENCTBOM COSAUHEHHA
IBYxX npeoBpasoBannii eoraacHo § 3. Eean Ml HapALy @ €HCTEMAMH K
H k, duryprpyomumM B § 3, BBeleM elle TPEThio KOOPAMHATHYIO CHCTe-
My &', HAXOZALLYIOCS B NAPAJJIEJbHOM [BMXKEHHH OTHOCHTEbHO k,
¢ HAuaNOM KOOPAWHAT, ABUKYLIHMCS BIOMLOCH X €0 CKOPOCTBIO W), T0
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[image: image8.png]TOJIy4uM YpaBHeRHA, KOTOpPhI€ CBA3LIBAIOT BEJIKYHUHLI X, Y, 2, t ¢ coor-
BETCTBYIOIMMH BEJIHUYMHAMH CHCTEMB! k. OHH OTAHYAIOTCH OT BbIBe-
JACHHBIX B § 3 TosbKO TEM, 4TO BMECTO U CTOHT BEJIMUHHA
P w
1+ (vw/V?)
Orciofla BHAHO, 4TO TakHe NapajJieabHple NPeoGPa30BaHHN, KAK 37O
¥ IO/KHO OblThs 06pa3yloT [RYILY.
Mer BBIBEJIH, TAKHM OGPKSOM, HeOﬁXO}IHMlﬂe HaM [OJOXEHHA KUHE-
MaTHKH, NOCTPOCHHOU B COOTBETCTBUU ¢ HAILIHMH ABYMsSl NPHHLHIAMH,

H NEPEXOAHM TENeph K TOMY, 4TO6hl DOKA3aTh HX [IPHMEHEHHE B 3JIEKTPO-
JUHAMHKE.

I1 JJERTPOIUNAMUYECKAA YACTH

§6. [lpeobpasoBanue ypabHe-
Hu#i Makesensa —Tepnaansnyerors. O npu
poAe S3JNEKTPOABHKYUHX CUJ, BO3ZHHKAWIHYX
1pH ABUXEHHHW B MaTHWTHOM noJae. [lycrs ypasse-
HuA Makcsesia — [epia ans nycToThl AefCTBUTENbHB B NOKOSUICHCS
cucreme K. B Takom cayuae umeem:

i d)(- dN_(?M 1 oL Y a9z

VA oy e Vo o og’
1 oy 9L oN 1 M _ oz X
via e e Via o o'
1 6z oM oL N
v

of oy V' & 9y  ax

rae (X, Y, Z) — BeKTOp HAnpsKeHHOCTH 3JeKTpuueckoro moas; (L
M, N) — BEeKTOp HanpsKeHHOCTH MArHHTHOTO MOJA. ’

Ec/11 Mbl IDHMEHHM K 9THM ypaBHEHMsM NpeoGpa3oBaHue, JOKA3aH-
HOe B § 3, OTHECH /IEKTPOMATHUTHBIE NIPOLECCH K BBEJCHHOMN TaM Koop-
LMHATHOH CHCTeMe, ABHXYILEHCH CO CKOPOCTBIO ®, TO (I0JYYHM ypaBHe-
HHSL:

0X _ OB IN—(uiV)Y] _OBIM+(v/V)2)

1

vV ot o aL !
| 8B(Y—(wN|_ oL 3B [N—(oV)Y)

v’ a o & '
L BZrVyM _0B(Me@V)Z) oL

v o o o
U oL _BIY~w/VI)N| _B1Z+(viV) M}

Vi a6 an ’
1 BM+(V)Z] BIZ+(e/V)M]  0X

v & - o T
1 BN —(@NY]_ X BIY— oV)N]

v’ ot an ES ’

— (VR

re B=1V
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[pHHLIAN OTHOCKTENBHOCTH Tpebyer, qT06H ypasHeHus Makcpesaa—
[epua /151 [iyCTOTH!, CIPABEATHBBIE B CHCTEME K, Ouumu 65 crpaBejsii
gbl M B cHCTeme k. DTO 3HAYHT, 9TO /Uil BEKTOPOB HANPSKEHHOCTH

e g S M

3/eKTPHYECKOTG H MarHHTHOTO [oAs X, v,2zZ) a(l, M, N},

onpefeseHHEIX B ABHKymeficss CHcTeMe £ 4epes HX NOHAEPOMOTODHEIE

[efCTBHS Ha 3JEKTPHUECKHE 3apAbl HJIH COOTBETCTBEHHO MATHHTHBIC
MAaCCHI, JOJUKHBEI GbITh CIpaBeNHBEl CJAEIYIOLHE YPAaBHEHM:

19X’ N’ om’ QL_ oy’ _E'_

at an oL o i on

oy’ oL’ ON' M’ oz’ ax*

1
v 7

1 1 _
V e o & VvV e & o
1 1
v 12

B B

oz’ oM’ oL’ N _oX' oY’
Tov ey am A

. °

Ouesuiro, ofe cHCTeMbl ypaBHEHHH, HalfeHHble ANl CHCTEMB &,
JOJIKHBI EBIPAYKATH TOUHO OAHO H TO e, KaK TaK ofe CHCTEMbl ypaBHe-
Huil SKBHBAJIEHTHH ypasHenusM MakcBessna—TPepua aas cucremp K.
Janee, Tak Kak ypaBHeHHs 00€HX CHCTEM COBIAAOT APYT € APYTOM EO
BeeM 3a HCKJ/IOUEHHEM CUMBOJIOB, H306PaxKalomiuX BEKTOPHl, QYHKUMH,
cTOsIHE B COOTBETCTBYIOWMX MecTaX OOeHX CHCTEM YPaBREHHi, AOJIK:
Hbl 6T MeKY co60f PaBHbI ¢ TOUHOCTHIO IO ONHOTO MHOMHTENsS P (v),
06mero 1A Beex GyHKuME OXHOH CHCTeMbi ypaBHEHHH, KOTOpHIH He 3a-
sucut or E, M, §, T, HO MOXKer, Booflle, 3aBHCETb OT U. Urag, umeror
MECTO COOTHOIUEHHST:

X =v(@)X,
Y =9(v)BIY —(0/V) V),
2 =y(0)BIZ+ (V) M),

Ecat npou3sectd obpatiieHue 3Tl CHCTeMB! yDaBHEHHI, BO-NepBbIX,
nyTeM pelleHHs TOAbKO YTO [OJYYEHHBIX yDaBHEHWH W, BO-BIOpBIX,
nyTeM TpUMEHEHHs YypaBHeHHH K o0paTHOMY npeoGpasoBaHHIO (n3 &
B K), KOTOpoe XapaKTepH3yeTcs CKOPOCTBIO —U, M MPHHATh BO BHHMA-

HKe, 4TO JBe NOJYYUBIIHECHA TAKHM 06p'dSOM CHCTEMb} ypaBHeHHﬁ JOJXK-
Hbl ObITb TOXAECTBEHHB!, MBI IIOJYYHM

Y (@ P (—v) =1L
Jlanee n3 coobpaseHHi cuMMeTpyd caemyer* ¢ (v) = ¢ (—ov),
caenoBatenblo, Y (v) == 1, u HamM ypaBHEHHsi IPHHUMAIOT BHI:
X' =X, L=L,
V' =BiY — (V) N, M =BIM+(v/V)Z},
Z=BIZ+@ V)M, N =BIN—(/V)Y]L

* Ecau, nanpuMep, X == ¥ =Z= L =M= 01 N =0, To u3 cooipa-
JKeHU il CUMMCTDPHE CHO, UTO, KOTAA U MEHAET SHAK (/€3 H3MEHCHUA CBOCIO YHCJIEH:
HOPO 3HaYeHHs, TOTAd W Y’ A0AXNO USMEHNTb CBON 8HAaK Ge3 H3MEHELHs CBOero
4UCICHTIOrO 3HAYEHHA.

L'=%(L,
M = @) IM-(0/V)Z),
N =% (v)B [N ~(v/V)YL
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[image: image9.png]llas wnrepnperausn oTHx ypaBHenufi saMeTHM caenyiomee. [lycrs
HMeeTcA TOYeYHBIH 3apAN, KOTOPLIH NPH USMEPEHHH B NOKOAUIEHCH CH-
creme K papen enuHuLe, T. €., HAXOAACH B IOKOE B IOKOSMWIEHCS CHCTeMe,
OH [efiCTBYeT Ha TaKoe e KONWYECTBO 3/EKTPHYECTBA HA DACCTOAHHH
lem ¢ cunodi 8 1 auny. CornacHo NPHHUMIY OTHOCUTENLHOCTH, STOT
S/EKTPHUECKHI 3apsiA IPH H3MEPEHHY B ABIKYLIEHCR CHCTEME TOXKe pa-
BeH enuHuUe. Ec/H 970 KOJIHYECTBO 3NEKTPHYECTBA HAXOKHTCSA B MOKOE
OTHOCHTE/ILHO MOKOSIEACS CHCTeMbI, TO, COMVIACHO OMpPE/IEJIEHHIO, BEK-
1op (X, Y, Z) pasen cune, neficrsyiowmei Ha ynomsHytaili 3apaa. Ecin
e 3apsil HAXOIUTCA B OKOE OTHOCHTENBHO ABMAKYWIEHCS CHCTEME (o
KpafiHeli Mepe B COOTBETCTBYIOWH MOMEHT BpeMeHH), TO CuJa, AeHcT-
BYIOLIas Ha HEro H U3MEPEHHas B ABHMCYlIeficA CHCTeMe, paBHa BEKTOpY
(X', Y', Z'). CnepoBare/ibHO, nepBHe TPH U3 HANKCAHBIX BEHULE Ypap-
HeHUI MOXHO cOpMYIHPOBATH CAEAYIOUWMMH ABYMS COCOGaMH.

1. Ecnu B 5/1€KTPOMArHHTHOM NOJIE IBUKETCH AHHUIHBIN TOUEYHbIR
O0JII0C, TO HA HETO KPOME 3JIEKTPHUECKOH CHJBI JeHCTBYET ele 3AeKTpo-
ABMXYILAR CHAR, KOTOPas NPR YCJAOBHH NMpeHeGpEXKEeHUs WiIeHaMH, Mo-
MHOXEHHBIMH Ha BTODYIO U BLICLIKE CTeNeHH oT v/V, paBHa BEKTOPHOMY
NPOH3BEAEHUIO CKOPOCTH ABHIKEHHA NOJIOCA HA MATHHTHYIO CHAY (CTa-
pas_ (opMyJIUPOBKa).

2. Ecnu eXHHHYEBIA TOUEUHBIA MOJIOC ABHIKETCA B SJEKTPOMATHUT-
HOM nosie, TO NeACTBYIOWAA Ha HEro CHJa PaBHA /EKTPUYECKOH cHae,
HMEIOIEHCR B MeCcTe HAXOXIEHHs STOTO 3apsia M moaydaiomeiics no-
CPeACTBOM MpeobpasoBaHUs MOJA B NO/E A KOOPAWHATHOH CHCTEMbI,
HOKOSIEHCH OTHOCHTENBHO STOFO NOJIOCA (HOBasi GOPMYNUPOBKa).

ABasorHYHbE [ONI0XKEHHA CHPAaBeLIUBBl 5% MATHUTOABHIKYIIHX
cra. Mbl BHIEM, 9TO B H3JIOMEHHOH TEOPHH 3JEKTPOABMIKYIMAA CHJa
HrpaeT poJib BCIOMOTAaTeNbHOTO MOHSTHSA, KOTOPOE CBOMM BEEEHHEM
00513aHO TOMY OGCTOATENLCTBY, UTO 3/EKTPUYECKHE H MATHHTHEIE CHJIbI
He CYIIECTBYIOT HE3aBHCHMO OT COCTOSIHHS ABHXKEHHS KOODAMHATHOM
cucTemel. [lanee ficHO, 4TO aCHMMeETpHS, yNOMAHYTasA B BBEJEHHH OTHO-
CHTE]IbHOrO [BMXKEHUS MarHuTa W NPOBOJHHKA, Hcuesaer. Bonpoch
O TOM, TAE «CHAAT» 3/IEKTPOANHAMHYECKHE 3JIEKTPOABHKYUIHE CHJb!
(O1HONOTIOCHBIE MAlLUMHbI), TAKIKE TEPSIOT CMBICI.

§7. Teopuna abeppauuw u npusuwna Jdon-
aepa. [lycth Bcucreme K ouenb fasieko oT Hadada KOGDIAMHAT Ha-
XONUTCA HEKOTOPBIH HCTOYHUK SMEKTPONMHAMMHECKHX BOJH, KOTOphIE
8 HEKOTOPOH 4acTH MPOCTPAHCTBA, BKJIOYAIOWEH HAa4aio KOODAHHAT,
MOTYT CBITb € AOCTATOUHBIM NPHGIUIKEHHEM NPEICTABJEHH ypaBHe-
HIAMU:

X=X,sin®, L=1L,sin®,
Y==Y,sin® M=M,sin®,
Z=1Z7,8in®, N =~Ngsin®,
O =0w-[t—(ax+ byt cz)/V).

3rnech (Xg, Yy, Zg) 8 (Ly, My, Ny) npeacrasasior coboro BEKTOPH!, KO-
TOpble ONPEAENAIOT AMIVIMTYAY UYyTa BOJH, H &, b, ¢ CyTb HampasJsio-
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auie KOCHHYCH BOJHOBbIX HOpMasiell. BEISICHUM, KaKoBbl CBOACTB2 STHX
BOJIH, KOTAa OHH HCCAEAyIOTCst HabaionareseM. HaXOMAWMMCSA B [0KOe
,
B ABHKyLLEHCA cucreme k. »
[pumeHKB HafenHble B § 6 GopMyJiEl npeobpasoBatus s a.negrpn
GeCKUX W MATHHTHBIX CHJI, a TaKKe (POpMYJinl 1peobpasoBaHHA § 249
KOODAWHAT U BPEMEHH, MBI IOJIydaeM:

X' = X,sin® L =L,sin®’,

Y =BV, — (@ V) Nlstin @ M =B M, -+ (v/V) Zy)sin o,

7' =B 12y (V) Mol sin ®. N’ =B[N — (V) V) sin D",
D' =w it -(a’E+bnm+cTyV),

me o =opll —a@WV) o =la— oVl —a@W)
B o=bB [l ~a@V)ic =c/8ll —a@V)

[Iycrb Hab/moAaTe b NBHKETCA €O CKOPOCTHIO U OTHOCHTENLHO Gec-
KOHEUHO YJAJEHHOTO HCTOUHMKA CBeTa, 4acToTa KOTOPOrO paBHa V. s
ypaBHeHHs AJIsi ® BbITEKEET, UTO C/IH JIHHHA, COEANHIOMAS UCTOUHUK
cBera ¢ HaGaofaTeneM, 06pas3yeT co CKOPOCThIC Hab/oaTes, OTHECeH-
HO# K KOODJMHATHON CHCTeMe (MOKOALIEACH OTHOCHTENBHO HCTOUHMKa
cpera), yroa @, TO BOCHPHHHMaeMas HaGmonaTeNeM 9acTora v’ CBeTa
onpezneasieTcs caenyoued gopmyiof:

v = vl —(v/V)cos o] T—(w/V)?

1o u ectb npunyun Joniepa pis mobeix cxopocteh. [lpu @ = 0
¢dopMyna IPUHHMAET HAMVIAAHBIA BUI:

v =y ¥ 1= o/ V1 + oV

Mbl BHAHM, 4TO B [[POTHBOMOJIOKHOCT OOHUYHOMY UPEACTABACHHIO NPH
¢ = —oco* dactora v = oo. i

Ecau 0603HAYHTh 4epes ¢’ yroJ MeXAy BOJHOBOH HOpMasbio (Ha-
TpaBJeHyeM Jyda) v JnHHEH, c,oennnﬂ}omeﬁ HCTOWHHK CBETA C Hagﬂf--
fateseM, T0 dopMyia A8 @' OpUMET CASAYIOWHA BUL COS @ =
= [cos ¢ — v/VVIT — (@/V) cos gl. X

Sra opMyaa BelpaskaeT 3akon abeppayiu B €ro f"{auéonee OG,U'LE"
dopme. Ecam ¢ = n/2, To dopmy.1a NPUHEMART MPOCTOR BHA: COS @ =
= —ofV.

Mbl fO/KHB ellle HABTH SHAYEHHe aMIIHTYABl BOJH Jasi HaGmiopa-
Tes B ABHKYIIEfca cucTeme. OG03HATHB COOTBETCTBEHHO Uepes AnA
AMILTUTY Bl BJEKTPUYECKOH ¥ MATHWTHOH CHJBI, H3MEDEHHHE B [OKOH
wefica ¥ B ABMXKYHWeHAcs CHCTeMax, UONYyYHM

A = A% [1 — (©/V) cos @l¥[1 — @V}
10 ypasuenne npr ¢ = 0 nepexomut 8 Go/ee UPoCTOL:
A% = A1 — o/VVI] + o/VL.

* 3jech, Hago moAaraTh, aBTOp uMen B BHAY v = —V. — [Ipun. ped.
1t



[image: image10.png]V3 BbiBefieHHbIX ypaBHeHUii cJefyer, 4To HabMOmaTeso, KOTOpbIf
OyaeT NpubaHKATBCA CO CKOPOCTLIO V K HEKOTOPOMY HCTOYHHKY CBeTa,
floc/eqHuA ByleT Ka3aThCsl 6ECKOHEYHO HHTEHCHBHLIM.

§8. [Ipeo6pasoBaHue 3HepPrun Ayuell cBeTa.
Teopus naBAeHHSH, NPOU3IBOIHMOIO CBETOM
#a upeaanabHoe 3epKaao. Tak kak A%8m pasusercs cpe-
TOBOH SHEPruH B elHHHIle 0GbeMa, TO Ha OCHOBAHHHM NPHHLHMNE OTHOCH-
TeABHOCTH Mbl NOAKHB A’*/81 paccMaTpHBATL Kak CEETOBYIO SHEPTHIO

B ABHKyweics cucteme. [losTomy Beqmunna A’°/A? Guiia Gbt OTHOIe-
HUEM 3SHepPTHH ONpeJe/eHHOTO CBETOBOTO KOMIJEKCE, H3MeDEeHHON
B ABHJKEHUH, K SHEPI'HH TOTO e KOMILIEKCa, H3MEPEHHOH B MOKOE, eCiTi
6b 06beM CBETOBOrO KOMILIEKCA OCTABAJICH Gbi OHHM M TeM Xe NPH ji3-
MepeHnH B cucremax 2 1 K. Onnaxko sto we Tak. Ecau a, b, ¢ npejcras-
AAI0T co0ofl HANpaBAAWOUINE KOCHHYCHl BOJHOBHIX HOpMadiell cBeTa
B MOKOALIENCS CHCTeMe, TO Yepe3 3/eMEHTHl [OBEPXHOCTH cdephl (x —
— Vat)? + (y — Vbt)* + (z — Ver)? = R?, gBukywefics co CKOPOCTbIO
cBeTa, HHKAKasi 3HePTHS He NPOXOIHT; [103TOMY Mbl MOXKEM YTREPKIAATb,
4TO 3Ta MOBEPXHOCTh BCE BPEMsl OrPaHHUYKHBaeT CO60i GAHH H TOT ke CBe-
TOBOfl KOMIIeKC. BHISICHHM, Kakoe KOJMMYECTBO 3IHEPTHH 3aKJI0OUEHO
BHYTPY 3TON MOBEPXHOCTH, €C/IN HAGJIOEHHE BEAETCA K CHCTEME £, T. e.
KaKoBa OyHeT SHEePrHs 9TOTO CBETOBOTO KOMILEKCa OTHOCHTE/IBHO CHCTe-
Mbl &,

Cheprueckan nopepxHOCTb, paccMaTpuBaeMas B IBHXKyelcs CR-
cTeMe, TIpelcTaB/seT cobofl MOBEPXHOCTh JUIHICOHA, YPABHEHHEM KO-
TOPOTO B MOMEHT BpemeHH T = ( Oyjer

B — aP @W/WIE® + In — 6B @/ VIEP + 1§ —of @/V) EF = R%

Ecnn S o6o3naynTh o6beM twapa, a S — ofbeM 3TOro 3JMIUNconaa,
10, KaK NOKa3plBaeT NPOCTOE BBIYHCAEHHE, JOJKHO UMETb MECTO COOT-
HOLLeHHe

SIS = VYV T=(0/VRE{ —(v/V) cos 9}

OGo3nauue £ CBETOBYIO JHEPI'HIO, 3aKMIOUEHHYIO BHYTPH paceMarpu-
Baenofl [0BEPXHOCTH U M3MEPEHHYI0 B NOKoAwefdcs cucteMe, a E' 1y
e IHEPTHIO, W3MEePeHHYIO B ABMKYywelcs cucTeMe, MOIyUHM

E'JE = (A"/83) S"I(A%87) S = {1 - (v/V)cos pl/V 1 —(vjV )2
Ara ¢opmyna npu ¢ = 0 nepexoaur B Gosee nNpocTylo:
EE =V = oVIiT &+ uiV] .

3HaMeHATeIbHO, UTO H SHEPrHA H 4acTOTa ¢ U3MEHEHHEM COCTOSHHs
ABHXKEHHMS HabIofaTesst OAYHHSAIOTCS OJHOMY ¥ TOMY e 3aKOly.

IMycts Teneph KOOPAMHATHAS NAOCKOCTh § = 0 npeacraBaser cofoi
HCAIbHYIO 3€PKaJbHYIO NMOBEPXHOCTh, OT KOTOPOH OTpaKaloTCs ILIO-
CKHe BOJIHBI, PacCMOTPEHHLIE B NocaeaHeM naparpade. BeisicHHM, ueMy
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paBHO CBETOBOE JIABJIEHHE, IPOM3BOAHMOE Ha 3ePKabHYIO MOBEPXHOCTD,
¥ KaxkoBbl HaNpaBJEHHE, YaCTOTa H HHTEHCHBHOCTb CBETA MOCJAE OTpa-
senns. [lycrb nmajawomuli Ceer onpefensercs BeanduHamu A, cos o,
v (orHeceHHBIMH K cucTeme K). [Tpn HaGmioneHHH U3 CHCTeMbl £ uMeem
A5 COOTBETCTBYIOIMMX BEJHYHH: )

A’ = ANl —(v/ V) cos @/ V T—(v/V R,
€08 @ = [cos @ — v/ VV/[1 —(v/V) cos ¢},
=v [l —(v/V)cos o/ V' 1— (v/V)2.

Ecn Mbl 5TOT mpouecc OTHeceM K cHCTeMe k, TO 1S OTpakeH-
HOTO CBeTa TNOJy4nM:

kY

A" = A, cos@” = —cosq’, v' =V
Hakowen, nocpeactsom obpatHoro npeoGpasoBanusi K cucTeme K
moJlyYaeM IJ OTPaKeHHOro cBeTa:

A" = A" 114 (0/V)cos ") T = (U V] =
= A1 —2(0/V)cos g+ (o/VPEV[1 —(v/V),
cos ¢” = [cos ¢” - v/V|/[1 4 (v/V) cos "] =
={|1 +(U’V)2]cos¢p—2(u/V)}/[l~2(v/V)cos<p+(v/V)z],
v = v {14+ (v/V)cos ol Y1 — (0VE =
=v[1-—2(v/V)cos @+ (v VPVII — (o/ V)2,

SHeprus, Najaloasn Ha eAMHHILY MOBEPXHOCTH 3ePKANA B eAMHHILY
Bpemenn (H3MEPEHHAs B NOKOSMEHCA CHCTeME), OUEBHAHO, paBHSETcH
(A*8a)(V cos ¢ — v). Ineprus, yranAomAancs ¢ eHHHLE [IOBEPXHOCTH
3epKana B eIMHWilY BpeMeHH, cocTaaser (A”%/8m)(—V cos " + ).

PasHOCTL Mexly STHMH IBYMR BHIDAKEHHSIMH, COFIACHO [PHHIHIY
COXpaHeHHs! SHEPTHH, ecTb padora, 1POM3BEIEHHAS CBETOBbIM AaBACHHEM
B eluHuLY Bpemend. [IpupaBuiB pabory npousBenenuo P-v, rae P —
CBETOBOE JaB/ieHUe, TI0/1yUHM

P = 2 (A%8x) fcos ¢ — v/VI¥[1 — (w/V)2].

B nepsom npuGIHIKEHHN B CONNACHH C OMBITOM H C AP YTHMH TEOPHAME
noiyuaerca P = 2 (4%8n) cos? ¢.

MeTozoM, PUMEHEHHBIM 38€Ch, MOTYT OBITb elUeHsl BCe NpobiieMbi
ONTHKH ABHXYMHXCH Tes1. CylecTBO Ae/1a 3aKAI0UAETCH B TOM, UTO 3J0eKT-
DHYECKOe M MarHMTHOE 10J17 CBETOBOH BOJIHBI, MOABEPTraiomEeHCcs Bo3-
ACHCTBHIO CO CTODOHBI ABHAKYIIETOCS Tea, MPeobpasyloTes K KOOpAH-
HaTHOH# cucTeMe, nokoseficA OTHOCHTENBHO 3TOTO Tena. Buaaronaps
STOMy Kau1an npoGema ONTHKM ABHMKYHIMXCH Ted CEOAHTCS K Py
IpO6/ieM ONTHKH MOKOAMMXCS TeJl.
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[image: image11.png]§9. MpeoGpasoBauue
na —Tepna c yuerowm
Mbl HCXOZUM H3 ypaBHEHHI:

(V) {u, o 0X/31) = AN/By — M/,

ypaBHeunu#i Maxkcsea-
KOHBEKLHOHHB X TOKOB.

(1/V)(OL/0t) = Y |0z —0Z/dy,
(V) u, 0+ 0Y/0f) = OL/0z—ON/0x.
(1/V) (OM/0t) = 0Z/0x— X/ 0z,
(1/V) [u, p -+ 0Z/ 9t} = OM/dx — AL /0y, .
(1/V)(0N/0t) = 0X]0y—dY/ox,
Tae p==0X/0x - 0Y /0y + 0Z/0z

©03HauaeT 4n-KPaTHYIO MIOTHOCTb 3JEKTPHYECTBA H (iy, Uy, U,) ~ BEKTOD
CKOPOCTH 3/IEKTPHYeCTBAa. Ec/H NpencTaBuTh cefe, UTO JEKTPHUECKHe
MacChl HEH3MEHHO CBSi3aHbl C MAaJeHbKHMH TBEDJABIMH TeNaMH (HOMbI,
SJIEKTPOHBI), TO 3TH YPABHEHHS SIBJISIOTCS 3JEKTPOMATHHTHOH OCHOBOM
JOPEHIEBOH 9JeKTPOAMHAMHKH H ONTHKH LBHXKYIUXCH Tes.

Ecau npeo6pasoBaTh 3TH ypaBHEHHS, KOTODHE BEpHbI B CHCTeMe K,
¢ moMoubio Gopmy. npeobpasoBannua § 3 i 6 x chicreMe &, TO DoMyYaKOT-
€5l CIAYIOLLHE YPaBHEHHA:

(UV)luzp’ + 90X’ 13t} = ON'Iom — aM'/at,
OL'[dv = 3Y'/9f — 0Z'[dn,
(1) {tun o” +0Y* 10} = OL' 10T — ON'JE,
OM’/dt = 02’10 — X' /0L,
(V) {ug o +0Z'/0%} = OM'10E—OL" /9,
NIt = 3X' 19— BY" B,
cre (uy— o)l —u, oV =us, u/Bil —u, 0/V=uy,
u Bl —u, oV =uy, p’ =0X'/3E+ Y’ /dn + 02 /0F =
=1l —ouJV*p

Takum 06pasoM, KaK 9T0 H CJIELyeT U3 TEOPEMb CAOKEHHSA CKOPOCTEH
§ 5), BexTOp (ug, tn, Ug) €CTH HE UTO HHOE, KAK CKOPOCTH 3MEKTPHUECKHX
3apsAJOB, H3MEPEHHAs B cHCTeMe k. DTHM CaMbiM MOKa3aHO, 4TO, KOTAd
Mbl K/I2[€M B OCHOBY HAIHH KHHEMaTUYECKHe MPHHLMNBI, 3JEKTPOJHHA-
MUYecKasi OCHOBA JIOPEHIEBOH TEOPHH 3JI€KTPOXHHAMHKH ABHIKYUIHKXCH
Tes IOAYHHAETCA NPUHLHIY OTHOCHUTEIBHOCTH.

OTMeTHM elle KPATKO, YTO K3 HOKA3aHHBIX YPABHEHHH JIETKO MOMKET
ObITH BhIBEEHA CIERYIOINAn BAXHAS TEOPEMA: €CJIH 3apsiKEHHOe 3J1eKT-
PHYECTBOM TeJIO ABHIKETCH B DPOCTPAHCTBE NPOH3BOJIBHLIM 0GpasoM H
-€CJIH €r0 3apsii, HabmoNaeMblil H3 KOOPAHHATHOH CHCTEMBI, ABHXKYLUEH-
Cs1 BMECTE C 9THM TeJIOM, TIPH 3TOM He HBMEHSAeTCs, TO STOT 3apsij OCTaeT-
C5i HOU3MEHEHHbIM ¥ NPH HaGnioJeHHH 3 nokoswedcs cuctembl K.

§10. Dunamuka MeXNeHHO YCKOPEHHOTO)
9neKTpoua IlycTh B s/eKTPOMATHUTHOM MOJIe ABHKETCH TOYEY-
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Hasi 9aCTHUA € 9JEKTPHUECKHM 3apsioM € (B AanbHedIleM Ha3biBaeMasn
5/1EKTPOHOM), O 3aKOHE [BIDKEHHR KOTOPOH MBI OMyCTUM TOJBKO Cae-
aytoutee. ECiH 51€KTPOH HAXOAHTCH B NOKOE B ONPEAEACHHBIA NpOMEXy-
TOK BpeMeHH, TO B GHXafIIHi MOMEHT BPEMEHU JBHIKEHME 3EKTPOHA,
{HOCKOJbKY OH HAaXONWTCA B MEIVIEHHOM IBHXKEHHH, GyjieT IMpoTekaTh
leornacro ypaBHeHHAM:

(d%x/ di®) = eX, widiy/de®) = &Y, wd*2/d®) = eZ,
w

e X, Y, 2 — KOODIMHATHI S/1eKTPOHA H | — Macca JeKTPOHa.

KpoMe Toro, mycTb 3/1eKTPOH B ONpeAeJeHHbi MOMEHT BpeMeHH of-
JsajaeT ckopocTbio v. Hafiiem 3aKkoH, corsiacHo KOTOPOMY 3JIEKTPOH ABH-
JeTCsi B HHTEPBaJl BpEMEHH, HENOCPEACTBEHHO CISAYIOLINI 32 STHM.

He orpanuynBas oOLIHOCTH pPacCyKAeHHH, MBI MOXeM AONYCTHTb,
¢ JOMYCTHM B CAMOM JieJie, STO B TOT MOMEHT, KOT/2 Mbl HaUHHaeM Habio-
JeHHe, Halll 91eKTPOH HAXOAUTCA B HavaJle KOOPAMHAT 1 ABHKETCSH BAO/b
ocu x cucteMbl K co ckopocThlo v. B Takom ciywae ficHO, 4TO B yKa-
sanHblfl MOMeHT BpeMeHH (! = 0) 3/eKTPOH HAXOIHTCA B HOKOE OTHOCH-
TeNbHO KOOPAMHATHOH CHCTEMbl £, ABHXKYWERCS UapaajeNbHO OCH X
¢ MNOCTOSHHOH CKOPOCTBIO U.

M3 cprenanHOro BHIIE [IPEANOJOKEHHS B COGANHEHHH C MPHHIHAOM
OTHOCHTE/ILHOCTH CJIEAYET, UTO 3/MEKTPOH, HabJiofaeMblii U3 CHCTEMbI &
BO BpeMst, C/IeAYIOLIee HeNOCPEACTBEHHO 3a ¢ == 0 (IIPH Ma/ibIX 3HAUEHHSAX
£), ABHXKETCS COTMIacHo ypaBHeruam: w (d%/di?) = e X', p (dPn/dt®) =
=eY’, p (d®/dr® = ¢Z’, npuuem Gyksu &, v, §, 1, X', V', Z' orHO-
caTcst K cucteMe 2. Ecau Mbl elte nonoXuM, YTOIPpH ¢ = x = y = 2 =
= 0 10/KHO uMeTb MecToT = § = 1 = [ = 0, To 3ech GyayT cnpasen-
BB (HOPMYJIbl TpeoBGpaszoBanis § 3 4 6 ¥ N03TOMY GYAYT BINOJIHATLCS
CJIeflyIOfHe YPaBHEeHHA:

T=Bt—(v/V?) x)], X =X,

E=PB(x—us), Y =By —(v/V) N},
n=y, Z' =BZ+(v/VIM).
{=2.

C nomoutbio 9THX ypaBHEHHH Mbl IPEOOPa30BLIBAEGM HAMHCAHHHE Bbl-
Ile YPABHEHWN ABHXKEHHS OF CHCTeMB! 2 K cucTeMe K H noaywaem:

dxrdet = (&' p) (1/8%) X,

dPyldt? = (e/p)(1/B) IV — (v/V) N}, (Ay
d?2z/dt? = (e/n) (1/B) [Z -+ (v/V) M).

Onupasicb Ha OCbIYHBII MpHEM DACCyXJEHHH, ONpejeNHM Tenepb
HIPOJOIBHYIO H [ONEPeuHYIO MAcChl ABIXKYLIErocs jeKktpona. Hanuwewm
YpasHeHus (A) B cJepyloleM BHJE:

up® (d2x/df?) = eX = eX’,
up? (d?y/de®) = ep Y — (U/V)N] = eY’,
up? (d%2/df®) = eB [Z + (/VIM] = eZ'
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[image: image12.png]4 3aMeTHM mpexae Beero, 4to €X', &Y', eZ’ ABASIOTCA KOMNOHEHTaMH
{I0H/IEpOMOTOPHON CHJIbi, JefcTBYIOWEH Ha SJEKTPOH, PAaccMaTpuBae-
MLIMH B TOH KOOPAHHATHON CHCTeMe, KOTOpas B AAHHBIH MOMEHT ABH-
HKeTCH BMECTe € SJICKTPOHOM C TAKOfl e, KaK Y 3JIEKTPOHA, CKOPOCThIO.
{312 cnaa moraa 6bi GbITh H3MEDEHA, HANPUMED, NP YKUHHBIMU BeCamy,
foKOsEMECs B nocaeared cucteme.) Ecau Mui Teneps 3Ty cuaty Gyaem
Ha3BIBATL IPOCTO CHAOH, REACTBYIOULEH HA S1EKTPOR*, H COXPAHHM ypas-
HeHHe :
quCJ/IeHHOe SHAUEHHE MacChi X 4uc/eHHOe SHAauende YCKOpeHHS =
= UHCJEHHOMY SHAUEHHIO CHJL
U ecA¥ MBI afee YCTAHOBHM, 9TO YCKOPEHHA AOJIXKHBI H3MEpATHCH
& nokosielics cucreme K, TO U3 YKa3aHHLIX BhIlle YPaBHEHHHE NOAYUHM:
nponosibHasn Mmacca = w1 vy

nonepeunas macea = /|1 — (V] **.

KoHeuHO, P APYTOM ONpPENEJCHHH CHAB B YCKOpEHH: Mbl Oydem
f0NyHaTh KHBlE 3HaYeHHs 15 Mace. [losTOMY ip# CpaBHEHKE PasHUHBIX
TeOpHil ABHKERHS SAEKTPOHA HYIKHO ObITh BECHMA OCTOPOXKHBIM. 3ame-
UM, 4TO 5TH Pe3yJI15TaThl OTHOCHTENBHO MACChl CIPABeANHBLI TAKXKE B A7
HeATPANLHLIX MaTepHaJbHBIX TOUeK, KGO BECOMas MaTepHasbHas TOUKA
MOXKeT GbiTh NyTeM NPHCOSAUHEHHA CKOAb Y2O00HO MAA020 3NEKTPUUECKO-
0 3aps/a NpEBpAlIeHa B SJCKTPOH (B HAIleM CMBICIE).

OnpenenuM KUHETHUECKYIO SHEPIHIO SAEKTPOHA. EC/AH 9/€KTDPOH H3
Hauana KoopauHaT cucteMb K ¢ HaganbHOM ckopocTbio 0 ABHMeTCH Bee
BpeMsi BAOAb OCH X MOX AEWCTBHEM 3JEKTPOCTAaTHYecKo# Cuibi X, T0
ICHO, YTO OTHATAA Y HJEKTPOCTATHUECKOTo MOJA SHEprus GyleT pasha
fe Xdx. Tak KaK S/eKTPOH YCKODRETCA MEJEHHO M BCAEACTBHE STOTO
He HOJ/IKEH OTA2BaTh SHEPTHIO B (OpMe H3JNYUEHHR, TO SHEPTUA, OTHS-
Tas ¥ SNEKTPOCTATHYECKOrO N0JIR, IVIKHA BHITL NOJOXKEHa PaBHOk SHep-
ruu geuxenns W anexTpoHa. [IpHHSB BO BHUMaHue, 9TO B TEUEHHE BCeTO
PAacCMaTPHBAEMOrO Mpoliecca ABUXKEHHS CHPaBEMVIMBO NeEpBOE U3 ypas-
denufi (A), TOJTYUHM

v

W=SeX:ix=§B"|w do=pV2 {{ VY T=(@VF]—1)-

[lpn v = V sennuuHa W ctaHOBHTCSH, TaKMM 06pa3oM, GECKOHEeYHO
Gonbluoil. Kak B IpexXHuX pe3ysbTaTax, Tak H 3[€Ch CKOPOCTH, NpeBbl-
QalolIHe CKOPOCTh CBETa, CYILECTBOBATh He MOTYT. DTO BhIpaxenHe A
KHHETHUECKON SHEPTHH JOMKHO GObiTh CNPABEMIKMBLIM M AAsS JIOOBIX
Macc B CHJY TNPHBEIEHHOTO BhIlIE apryMeHTa.

*Jlannoe 34ech onpefeeHne CHJB HeyNoOHO, Ka¥ OblIO Bnepable NOKA3AHO
{lnankom. llenecoofpasnee CHAY ONPENeNHTh TaK, 4ToGbl 3aKOHHW COXPAHEHHH
AMIy/IbCA H 3HEPTHR NPHEUMANW npocTefimylobbopmy. — [pun. ped.

** B sToit paGoTe H3-38 HENPEBUALHOIO ONpPeAeseHus BeAHUHHBI nonepeunoit
cnabl DitHmTefiR He nOJAy4HA Raiifennoe JlopeHueM peAATHBRCTCKOE BHIpaKeHHC

4151 ONEpeuHofl MaceH p = u/l/l —(v/V)2.— Opus. ped
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[MepeqHCIAM TeNepb BCe BHITEKAIOMIHE H3 CHCTeMHbl ypaBHeHH# (A)
cBoficTBa [BHJKEHHA 3/EKTPOHA, NONYCKAIOULHE ONBITHYIO MDOBEPKY.

1. Hs BTOpOro ypaBHeHHS CHCTeMsi (A) ciefyeT, 4TO S/IEKTPHUECKas
cuna Y n MarHHTHas cusia N OIMHAKOBO CH/IBHO OTKJOHSIOT 3JEKTPOH,
ABHKYWIMHACA CO CKOPOCTBIO U, B TOM cJydae, kKorua ¥ = N (v/V). Or-
CIOjla BHAHO, 9TO ONpeaesieHHe CKOPOGTH 3J€KTPOHA U3 OTHOLEHHA Mar:
HHTHOTO OTRJIOHEHHS A, K 3/MeKTPHYECKOMY OTKJOHEHHIO A,, corJiacHo
galell TCOPHH, BO3MOXKHO /5 MOGHIX CKOPOCTeH MyTeM MPHMEHEHHS
33KOHa

A A, =0V,

D10 COOTHOWIEHHE MOJAAETCH SKCHEPHMEHTANLHON NpoBepKe, Tak
&aK CKOPOCTD 3JIEKTPOHA MOMKET OEITh M3MEPeHa TAaKKe H HENOCPEACTBEH-
€0, HANpHMEP NPU NOMOUIH OBHICTPO KOJEOMOUWHMXCSH IJNEKTPHYCCKHX
¥ MarHuTHEIX nonen.

2. U3 dopMynbl 08 KHHETHYECKON sHEDIHH CIEAyeT, YTO MeXAy
IpOAEHHOR PAa3HOCTLIO IOTEHIHANS # AOCTHIHYTOH CKOPOCTBIO U SMEKT-
pOHa NOJIKNA CYUIECTBOBAThH CJCAYIOUIAs 3aBHCHMOGCTb!

P = X dx = quey V(LT — VP — 1),

3. Beuncaum pajnye KpHBH3HLI R OpOHTHI, KOrIa HMeeTCs AeHCTBYIO
mast nepreHJHKyAAPHO K CKOPOCTH 3JIeKTPOHA MaruuTHas cusia N (kak
eqHHCTBEHHAsA OTKJOHsoman cuaa). M3 sroporo ypasaenus (A) noay-
gaem:

—dyjdet = 0¥ R = (/) (VYN VT < (0/V R,
dau
R =V (pse)- [(o VYV TV ] -(1/N).

DT TPH COOTHOWIEHHS SBASIOTCA OONHEIM BBIPAXKEHHEM 33KOHOB,
0 KOTOPbIM, EOTVIACHO MPEMVIOKEHHOH TEOPHR, NO/DKHBI IBHIAThCS
3JIEKTPOHbI.

B sakatoueHne samevy, uTo Mofi Apyr B xoanera M. Becco asuica
BEPHbLIM TIOMOLIHHKOM (IPH pPaspabOTKe H3NOMEHHBIX 3AeCh poGaem
4 A 006a32H eMy 3a psA UEHHBIX yKasaHHWil.




