K 9JJERTPOIUHAMHURE
JIBUMARYIIIUXCHA TEJI!

HagecTHO, UTO BIeKTPOUHAMHKA MakcBenna B cOBPeMEHHOM ee BHJE
TPHBROJUT B MPHMEHEHHH K JABHMKYUIMMCA TelaM K aCHMMETpPWH, KOTOpaf
HecBOHCTBeHHa, INO-BUAUMOMY, caMHM ABIeHUAM. BemoMuum, Hampumep,
BIeKTPOoMHAMKYecKoe B3auMoaelicTBHE Mem/ly MATHHTOM H TIPOBOAHHKOM
¢ TokoM. HabmogaemMoe iBTeHHe 3aBHCUT 3aeCh TONLKO 0T OTHOCHTENLHOTO
NBUKEHHA NPOBOJAHMKA W MarHuTa, B TO BpeMfA Kak, COrjiacHo OOBIYMHOMY
IpecTABIEHUIO, JIBA ClIyYad, B KOTOPLIX ABHMeTCA NHOO OfHO, 1H6G0 Opy-
T'0e U3 3TUX Tell, I0MKHLI OBLITHL CTPOro pasrpanuveHsl. B camom fene, eciu
NBUKETCA MArHUT, 4 IPOBOJHUK MOKOUTCA, TO BOKPYT MarHUTa BO3HUKAaeT
3leKTpUYecKkoe none, ofnafamilee HEKOTOPBIM KOIMUECTBOM 3HepTHHU, KO-
Topoe B TeX MecTax, Tje HaXoAATCA 4acTU TPOBOAHWKA, TOPOMKIAET TOK.
Eciu ke MarHdT HaXoJUTCA B NMOKOe, a NBUMeTCA NMPOBOJHUK, TO BOKPYT
MarHHTAa He BO3HHKAET HHUKAKOTO 3MeKTPHUECKOTr0 Moid; 3aTO B MPOBOJHH-
Ke BO3HHKAeT IeKTPOABUKYIlaf CHlla, KOTOPOi caMoii o cefie He COOTBET-
CTBYET HUKaKafl BHEPIUA, HO KOTOPAaA — NPH TIpenonaraeMoil TOM JIeCTBEH-
HOCTH OTHOCHTEIbLHOTO JBUKEHUA B 000HX MHTEpECYIONUX HAc clydyaaX —
BBI3LIBAET AMEKTPHUECKHE TOKHM ToH e BETHUWHBI U TOr0 3Ke HaTpaBIeHUA,
4TO U ATeKTpHYeckoe TIoJe B TEPROM CIyYae.

[pumepsl nogo6HOTO poaa, KAK U HeyJaBIIHeCA MONLITKH 06HAPYHUTD
NBHKeHHe 3eMIH OTHOCHTEIbHO «CBETOHOCHOH cpefbly, BelYT K MpeAloo-
MEeHHIO, YTO He TONhKO B MeXaHWKe, HO U B 3MeKTpPOoJUHAMHEKE HHKaKHe
CBOMCTBA fIBJEHHI He COOTBETCTBYIOT MOHATHIO a0COJMIOTHOrO IOKOA U Ja-
#e, Gonee TOro, — K MPEINOIOHEHUIO, UTO JIA BeeX KOOPAHHATHLIX CHCTEM,
IIf KOTOPHIX CIIPABENNWBELI YPABHEHWA MEeXaHUKH, CIIPABEANHBLI TE Ke Ca-
MbIe 3IeKTPOIHHAMHYECKHE U OTITHYECKHE 3aKOHBI, KAK 3TO YiKe J0Ka3aHo
NIA BeTUUYUH [EPBOTO MOpAAKA. DTO MPEANnoNokeHue (cofepmanie ROTOPO-
ro B gaquHelneM GyneT HA3LIBATLCA (IPUHIMIIOM OTHOCHTEILHOCTHY) MBI
HaMepeHbl IPeBPaTUTh B MIPEANOCLUIRY U cAelaTh, KpoMe Toro, qobaBouHoe
NOmyIeHue, HaXoAAleecA ¢ MEePBLIM JIHIIL B RaMyNEMCA MPOTHBOpPEUHH,

! Zur Elektrodynamik der bewegter Kirper. Ann. Phys., 1905, 17, 891-921.
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a UMeHHO, UTO CBET B MYyCTOTE BCerjla pacnpocTpaHAeTCA ¢ onpefeNeHHOH
CROpPOCTBLI0 V', He 3aBHCANEH OT COCTOAHUA ABUMKEHHA U3IYUaIOI[Ero Tena.
JTuU NBe IPEANOCHLIIKH JOCTATOYHEI [JA TOT0, YTOOLI, TOJ0KUB B OCHOBY Te-
opuio MaKkcBen1a g1 MOKOAUIMXCA Tell, IOCTPOUTDH NMPOCTYIO, CBOOOAHYIO OT
TPOTHBOpPEYHii BIEKTPONHHAMUKY ABHMKYIUXcA Ten. BBenenue «cBeToOHOC-
HOTr'o 3dHpay OKa;keTCA TPU 3TOM MITUIMHHUM, TIOCKONLKY B MpefiaraeMoii
TEOPHUU He BROAUTCA «aGCOTIOTHO TIOKOAINIEECHA MPOCTPAHCTRO», HAJlETeHHOE
0coOBIMH CBOHCTBAMH, a Tak#e HU OJHOI TOUKe MYCTOro MpocTpaHCTBa,
B KOTOPOM TPOTEKAIOT AMEKTPOMATHHUTHBIE TPONEcChl, He TPUMHUCHIBAETCA
Karod-HUOY Qb BEeKTOpP CKOPOCTH.

PasBuBaeMas TeOpHA OCHOBBIBAeTCA, KaK W BCAKAA JApYyrasd AIeKTPo-
AMHAMWKA, HA KHMHEMAaTHKe TBEPOIO Tela, TAK KaK CYM#JIeHUA BCAKOH Te-
ODHU KacaloTCA COOTHOMIEHUH MEMAY TBEPABIMH TelaMU (KOOPAWHATHLIMH
CUCTEMaMH ), YaCaMH M 3IeKTPOMarHUTHBIMH Iponeccamu. HenoctaTounoe
TIOHUMaHHe TOT0 00CTOATENLCTBA ABIAETCA KOPHEM TeX TPY/AHOCTeMH, mpe-
0701eBaTh KOTOpHIE MPUXOJUTCH Temneph BIEKTPOJWHAMUKE JBUMYITHXCA
Tem.

I. Ak uHeMaTHU4YecKaA 4yacTh
§ 1. OnpepeneHre 0JHOBPEMEHHOCTH

IIlyecTs wMeeTcA HOOpJUHATHAA CUCTEMAa, B KOTOPOM chnpaBenluBbI
ypaBHeHHA MexaHUKU HuioToHa. [InA OTIHYHMA OT BBOAMMEIX N03ke KOOp-
JUHATHLIX CHCTEM U JANA YTOYHEHHA TepMHUHOJOTHH HA30BeM 3TY KOODIAU-
HATHYIO CUCTEMY <IOKOALIECA CUCTEMOIAY.

Ecnau HekoTopafA MaTepHalbHafd TOUKA HAXOAUTCA B TIOKOE OTHOCHTEIb-
HO 3TOA KOOPAMHATHONW CHUCTEMEI, TO €€ [OJ0eHHe OTHOCUTENLHO ToCIen-
Hell MOaeT ObITh ONpelieieHO METOIAMU €BRIU0BOMA reoOMeTPUH C TOMOIIBIO
TBEPALIX MAacUITa00B U BRIPAMEHO B AeKAaPTOBLIX KOOpAUHATAX.

Menaa onucaTh deudicenue KakoW-HUOYIb MaTepHAILHOW TOUKH, MBI
3a/laeM 3HaUeHHA ee KOOpAWHAT Kak GYHRIHIA BpeMeHH. [IpHd 3Tom creayeTt
rMeTh B BUIY, 4TO noao0Hoe MaTeMaThuyeCkoe OnlcaHue HMeeT (pH3HYecC-
KM CMEBICI TOJBLKO TOTAd, KOTJa NpelBapUTelLHO BLIACHEHO, YTO NOApa-
3yMeBaeTcAl 3hech Moj «BpeMeHem». MBI qom#Hbl 00paTUTL BHHMaHHE HA
TO, YTO BCE HAIIH CY#JEeHHA, B KOTOPBLIX BpeMAl UrpaeT Karylo-n1u6o pPolb,
BCET/Ia ABNAIOTCA CymAeHUAMU 00 odHospesmennvir cobimunrx. Ecau A, Ha-
IpUMep, TOBOPIO: «JTOT Noe3] NpUOLIBaeT ciojd B 7 4acoB», — TO 3TO 03HA-



10 K saexmpodunamure deurcywurca mea

yaeT NIPHUMEPHO cleflylollee: «YKazaHHe MaleHbKOM cTpelKH MOUX YacoB Ha
7 yacoB W TIPUGBITHe H0e3/la CYTh OJHOBPeMeHHBIe coBLITHAN..

MoeT nokasaThbcA, YTO BCe TPYAHOCTH, KacalolUlMecA ONpeneleHHf
«BpEMEHM», MOTYT OLITL NPEOAOJEHLI TEM, YTO BMECTO CI0BA «BpEeMA» Al HA-
TUINY <II0J0KEeHHe MaleHbKOH CTpelKH MOMX 4dacoB». TaKoe olpeaencHue,
NelCTBUTENLHO, JOCTATOYHO B €Iy4Yae, KOrJa pe4lh UJeT 0 TOM, YToOLI onpe-
JENUTHL BpeMA JTUIIL JJIA TOTO caMOT'0 MecCTa, B KOTOPOM Kak pa3 HaXoJfAT-
CAl Uachl; OIHAKO 3TO OMpeJlelleHHe yxKe HeJoCcTATOUHO, KaK TOJbKO peyb
GyneT UATH 0 ToM, 4TOOBI CBA3AaThL JPYT C JAPYTOM B0 BPeMEHH DAALI CO-
OLITUI, TPOTEKAIONUX B Pa3TMYHLIX MeCTaX, WU, YTO CBOAUTCA K TOMY
#Ke, YCTAHOBUTL BpeMA IIA TeX cOOBITHIH, KOTOpble IPOUCXOAAT B MecTax,
YAaleHHBIX OT 4acoB.

Menana onpenenuTh BpeMfA cOOLITHIH, MBI MOTTH GLI, KOHEYHO, Y/OB-
J1eTBOpPUTLCA TeM, UTO 3acTaBUIU Obl HekoToporo unabmiofaTend, HAXOMfl-
IerocA ¢ yacaMd B Hayalle KOOPAHHAT, COMOCTABRIATL COOTBETCTRYIOIIEE
TOJI0KEHUE CTPENIKH YacoB C KamKIbIM CBETOBRIM CUTHANOM, HOVIIUM K He-
My depe3 IYCTOTY U JAONMM 3HATH 0 perucTpupyeMoM coOblTUH. Takoe
COIIOCTAaBJeHHe CBA3aHO, OAHAKO, ¢ TeM HeyaoOCTBOM, U3BECTHBLIM HaM W3
ONILITA, YTO OHO He GyJeT He3aBUCHMBIM OT MECTOHAXOKIeHUA Habuawona-
Tenfl, cHa0KeHHOro yacaMu. MBI npuaeM K ropasno 6olee npakTHUECKOMY
olpeflelleHUIO Iy TeM CIeAYIONIUX paccysaeHuil.

Ecnu B Touke A mpocTpaHCTBa MOMeleHEI Yackl, To HabmogaTenh, Ha-
XonAuuiica B A, MomeT yCTAHABIUBATL BpeM#A cOObITHH B HemocpeJCcTReH-
Hoit 6au30cTH 0T A nyTem HabmwjeHHA OJHOBPEMeHHBIX ¢ 3THMH COOBI-
THUAMU TIONOKEHUH eTpenok yacoB. Ecnu B Apyroit Touke B npocTpaHcTBa
Takke UMeloTcfl 4achl (MLl Jo0aBUM: «TOYHO TaKkHe ke yYachl, Kak B ToY-
ke A»), TO B HemocpeJCTReHHOM Gnu30cTH 0T B Toske BO3MOKHA BpeMeHHaA
olleHKa coOBITHH HaxomAnumcaA B B HaOmogaTeneM. OaHaKo HEeBO3MOMKHO
0e3 manbHeHIIUX TPEANoN0;KEHU cpaBHUBATL BO BpeMeHU Kakoe-Iubo co-
ObiTHe B A ¢ coObITUeM B B; MBI oopelenuad IOKa TOILKO «A-Bpemfy U
«B-ppemsay, Ho He obmee n1a A u B «Bpemsay. [locreaHee MOMKHO yCTaHO-
BHTh, 6600a onpedeaeHue, UTO «BpeMA», HeoOXoAUMoe AJNA TpoX0o:JeHUA
cBeta Uz A B B, paBHO «BpemeHn», TpeOyeMoMy [IiIfl TPOXOMIEHUA CBETa
u3 B B A. llycte B MOMeHT ¢, 110 «A-BpeMeHM» JIy4 CBeTa BBIXOAUT M3 A
B B, oTpasaeTcA B MOMEHT tp 1o «B-BpeMenu» oT B kK A W Bo3Bpamiaer-

13ech He Gy/leT 06CY#JAThCA HETOUHOCTh, COJIEPMANAACA B TIOHATHH 0J|HOBpPEMeH-
HOCTH JIBYX COORITHH, MPOMCXOAMKX (NPpUOAUBHTENRHO) B OJIHOM H TOM e MECTe, Ko-
TOpad foiHa ObITh [IPeojoieHA TAKME € [OMOLIRIO HEKOTOpPOHA abcTpakuun.
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cAl Hazaa B A B MoMeHT ¢/, no «A-Bpemenuy. Yacsl B A u B 6ynyT uaru,
COTTACHO OnpejieNeHHIo, CHHXPOHHO, eciu

tg—ty =ty —ig.

M&r cenaeM JOTYIIEHHE, UTO 3TO ONpPEJIeleHHe CHHXPOHHOCTH MOH#HO
JaTb HeNpPOTUBOPEUYUBLIM 00pazoM U OPHUTOM AJIfl CROIbL VIOJHO MHOTHUX
TOYEK U YTO, TAKUM 06PaA30M, CIIpABENIUBHI CleIYIOITHE YTBEPHK JeHHA:

1) eciu yacel B B HAYT CHHXPOHHO C yacaMU B A, To yacel B A uayT
CUHXPOHHO ¢ YacaMu B B

2) eciid yachl B A MAYT CHHXPOHHO Kak ¢ yacaMu B B, Tak U ¢ yacaMu
B C, To yacel B B u (' Takike WJAYT CHHXPOHHO OTHOCHTEJNLHO APYT JpPyTa.

TakuM o6pa3oM, MOIL3YACH HEKOTOPBHIMU (MBICIEHHBIMH) GU3HUECKH-
MU IKCIIEPUMEHTAMM, MBI YCTAHOBUIH, UTO HY#HO NOHUMATD IOl CHHXPOH-
HO UAYUIMMH, HaXOAAUMMUCA B Pa3NUYHBIX MecTaX NMOKROAUMMUCA YacaMu,
U GIaroiapfi 3TOMY, OYEBUAHO, JOCTUTIH oNpejleleHu Al TOHATHNA: <OJHOBPE-
MEHHOCTb» U ¢BpeMfy». «BpeMA» coOBITHA — 3TO OAHOBPEMEHHOE ¢ COOBITH-
€M TOKa3aHHe TOKOANIMXCA 4acoB, KOTOPLIE HAXOAATCA B MecTe COGLITHA
U KOTOpPLIE HAYT CHHXPOHHO C HEKOTOPBLIMH ONpEAENTeHHLIMU MOKOAI[UMH-
Cfl yacaMu, TPUYEM C OJHHUMH W TeMH e uyacaMH MPU BceX onpejieleHUAX
BpPeMeHH.

CornacHo OTBITY, MBI TIONO:KHUM TaKike, YTO BelTUUYHHA

2AB -V
til —1{a
eCcThL YHHBepCalbHAfl KOHCTAHTA (CKOPOCTL cBera B myctote). CyuecTsen-
HbBIM ABJIAE€TCHA TO, YTO MBI OllpedelH/IH BpeMSA C [IOMOIIBIO IIOROANIHXCA 1a-
CORB B HUHOHIHEﬁCH CHCTeMe; 6y,l]eM HA3LIBATL 3TO BpeMH, npUHaAIeRalee
K HOHOHHJ;BI‘}'ICH CHCTEMG, «BPEMGHGM HOKOHmeﬂCH CHCTEMELI».

§2. 06 OTHOCHUTEIBHOCTH JJIHH U [IPOMEKYTKOB
BpeMeHU

Jannueiimve coofpaskenus ONUPaIOTCA HA TPUHIWI OTHOCUTEILHOCTH
W Ha IPUHIUT MOCTOAHCTRBA CKOPOCTH cBeTa. Mul dopMmynupyeM oba mpHH-
Una cIeAyomuM obpazoM.

1. 3akoHbBI, N0 KOTOPBIM U3MEHAIOTCA COCTOAHUA HUBHYECKUX CHCTEM,
HE 3aBUCAT OT TOT'0, K KOTOPO# U3 JBYX KOOPAWHATHHIX CUCTEM, IBU AKY M X-
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Cfl OTHOCUTENbHO APYT APYTa PABHOMEPHO H IPAMOTHHeHO, 3TH H3AMeHEeHHA
COCTOAHUA OTHOCATCA.

2. Kapplif 1y4 cBeTa JBUJKETCA B (IOKOANIEcA» CHCTEME KOODAUHAT
¢ onpeAeleHHOl CKOpOCTLIO V, He3aBUCHMO OT TOT0, MCIycKaeTcA J1H 3TOT
Ty cBeTa NOKOANMMCA HWIH JBUKYNIHMCA TeIOM.

IIpu atom

[lyTs 1yua cBeTa
IIpoMeyTOR BpeMenH’

CropocTs =

TPHUYEM (TIPOMEAYTOR BpEMEHUWY Clie/lyeT TOHUMATDh B CMbICTe OnpefeleHus
B§1.

[IycTh HAM faH MOKOAMMICA TBEPABIA CTEpKeHb, U MYCTh JIHHA €T0,
W3MEpPEHHAA TaKMe TMOKOANTUMcA MaciiTaboM, ecTh [. Tenepnh mpeacTaBUM
cefe, UTO CTep#HIO, OCb KOTOPOTO HallpaBleHa no oc X MokofmelicA Ko-
OpAUHATHOM CcHCTeMBI, coolljaeTes paBHOMEpHOe W TapalielbHoe ocu X
TOCTYTATelbHOe JABM:keHHe (CO CKOPOCTLIO v) B CTOPOHY BO3pACTAIONIHX
sHauenuii x. IlocTaBHM Tenephb BONpPOC O JIHMHE JBHMYINETOCA CTEPIKHA,
KOTODPYIO MBI MojlaraeM ONpeJeleHHoH ¢ MOMONIbIO CIeAYIOIMHX ABYX Olle-
panui:

a) nabnioJaTelb IBUMETCA BMECTE ¢ YKa3aHHbIM MaciTaboM U ¢ usMe-
PAEMLIM CTepKHeM U H3MepAeT NIHHY CTep:KUA HellocpeACTBEHHO MyTeM
IpUKIaabIBAHUA MacliTaba Tak e, Kak ecld Obl U3MepAeMbIil CTepHKeHb,
HabmoaaTenb U MaciiTad HaX0aUIKUCh B NMOKOE;

6) nabniofaTenb ycTaHABIMBAET ¢ NOMOIIBIO PACCTABIEHHBIX B IOKOA-
nieiicA CHCTEMe CHMHXPOHHLIX, B cMLIcAe § 1, MOKOANMXCA YacoB, B KaKHUX
TOUYKAX TOKOANEHCA cHcTeMBI HAXOAATCA HAYANO0 M KOHEl[ U3MEPAEMOro
CTep:KHA B ompefienenublii MoMenT BpeMeHH {. PaccTofHHe Memay S3THMH
ABYMA TOYKAMU, H3MEPEHHOe HCIIOIL30BaHHLIM BLIIE, HO Yike MOKOANIUMCA
MacliTaboM, ecTh JUTHHA, KOTOPYIO MO#KHO 0003HAYUTEL Kak «ITHHY CTep#Hk-
HAY.

CornacHo MPHHITMIIY OTHOCHTeNbHOCTH, AJIHHA, ONpejendeMafd Onepa-
et «a», KOTOpyIO MbI OyJeM HA3LIBATh ¢IIUHON CTEPHHA B ABUMKYIIEHCA
CHCTEMEY, JOJKHA PABHATLCA JIHHE [ MOKOANIErOCA CTEP/KHA.

Jdnuny, yeTanaBIMBaeMylo ollepaiideit «O», KOTOPYIO MBI OyA€eM HA3bI-
BaTh «IMHON (ABHMYIIETOCH) CTEPHKHA B OKOAIIEHCA CHCTEMEY, MBI OTIPE-
NeluM, OCHOBLIBAACHL Ha HALIUX JBYX NMPUHNUNAX, U HalijeM, 4TO OHA OT-
JWyYHa ot .

B 06n1uHO TpUMeHAeMoli KUHEMATHEE IPHHUMAaETCA 6e3 OrOBOpoK, UTO
ANUHBI, ONpe/eNeHHbie TOCPEACTBOM JBYX YNOMAHYTHIX Onepanuii, paBHbI
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Ipyr ApPYTY, UNH, UHBIMU CI0BAMU, UTO JBUMYIeec TBepAoe Telo B MoO-
MEeHT BpeMeHU [ B reOMeTpUUYeCcKOM OTHOIIEHUU BrOJIHE MOMeT ObITh 3aMe-
HEHO mem e TelOM, KOT[ja OHO NnoKoumcs B onpeaeleHHOM MON0MeHHM.

IIpegcraBum cebe, 4To k 060MM KoHIaM cTepaHa (A u B) npukpenne-
HEI Yyachl, KOTOPLIE CHHXPOHHLL ¢ YacaMH NOKOANIEHcA CHCTeMBI, T. €. IIOKa-
3aHHA UX COOTBETCTBYIOT {BpeMeHH NOKOANleHcA cUucTeMEI» B TeX MecTaXx,
B KOTOPLIX 3TH YAachl KaK pa3 HAXOJATCA; Cle0BATENLHO, 3TU Yackl «CUH-
XPOHHEI B MTOKOAmEHCA cUCcTeMey.

IIpepctarum cefie Jalee, YTO Y KaMAbIX Y4COB HAXOJUTCA ABUMKYITHACH
¢ HUMM HaOnofaaTelb U YTO ITU HabIIOAaTEld IPUMEHADT K 060MM Yacam
YCTaHOBIEeHHBLIH B §1 KpHTepHii CMHXPOHHOCTH Xofga ABYyX uacoB. IlycTb
B MOMEHT BpeMeHH' ¢ 4 U3 A BBIXOOUT Iyd cBeTa, oTpamaeTcd B B B MOMEHT
BPEMEHH |5 U BO3BpAllaeTcA Hazal B A B MOMeHT BpeMeHH t. [lpunuman
BO BHHMAaHUE NPHHIUT MOCTOAHCTBA CKOPOCTH CBeTa, HaX0JUM

T T
tB—tA:% " tjl—thvA—fU,
rie 7 ,p — AIUHA IBHMKYIIETOCA CTEPHKHA, H3MeDeHHAaA B MOKOAIEHCA CHC-
Teme. Utak, HabnogaTenu, IBHKYLIHeCA BMECTE CO CTEDKHEM, HAWIY T, UTO
yachkl B Toukax A u B He WJAYT CMHXPOHHO, B TO BpeMfl Kak HaGmogaTenu,
HaXoJAnHecd B MOKOANIEHCA cUcTeMe, 00BLABUIU ObI 3TU Yachl CHHXPOHHBI-
MH.

HrtaK, MBI BUAHM, UTO HE CIeAyeT NPUAABATh GOCOAIMHO20 3HAUEHUA
MOHATHIO OJHOBpeMeHHOocTH. JIBa coGbITHA, OHOBpEMEHHbIe IPH Habmiome-
HUM U3 OJHOH KOOPAUHATHOH CHUCTEMEBI, Y#e He BOCIPUHHUMAIOTCA KaKk of-
HOBPEMeHHEIE IPH PACCMOTPEHHU U3 CUCTEMBI, NBHMYIeHCA OTHOCUTEILHO
NaHHOM CHCTEMBI.

§ 3. Teopusa npeobpazoBaHUA KOOPAUHAT U BpeMeHU
OT NMoKoAlleiicA cucTeMbl K clcTeMe, pABHOMEPHO
M NPAMOJIHHEHHO ABHM:MYIIeHCA OTHOCUTEIbHO
nepBoOiH

[lyeTh B «MoKoANEMCA» TPOCTPAHCTRE AAHEI Be KOOPJUHATHHIE CHCTE-
MBI, Kam/afd ¢ TpeMA B3auMHO-[EePIeHIHKYTAPHLEIMH OCAMH, BEIXOAAIIUMHU
u3 oaHo# TouKH. [IycTh ocu X o0eux cucTeM cCOBIAAAIOT, a ocH Y U 2 —

13,[[3(‘.]: «BpPEMA» 03HAYAET <BPEMHA MOROANIEACA CHCTEMRI» H BMECTE C TeM 4I0J0MeHHE
CTPEJRH JIBUMYNIHUXCA YACOB, KOTOPkIE HAXOAATCA B TOM MecTe, 0 KOTOPOM HAEeT pDeYhy.
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COOTBeTCTBEHHO MapannenbHbl. [IycTh Kampaana cucTeMa cHaOMeHa MacIITa-
O0M U HEROTOPBIM YHCIOM YacoB, H nycTh 00a maciiTaba U Bee Uachkl B 00enx
cucTeMaX B TOYHOCTU OJJUHAKOBELI.

[IyeTs Temepb Havaly KOOPAMHAT OAHOM U3 3THX cucteM (k) cooba-
eTcAl (IOCTOAHHAA) CKOPOCTE ¥ B HANDABIEHHH BO3DACTAIONHX 3HAUEHHH X
ApYToii, okoAmeticA cucTeMel (K); 3Ta ckopocTh NepefaeTeA TAKMKE KOOD-
JVHATHLIM 0CAIM, a TaKk:Ke COOTBETCTBYIONMM MacmiTabam W yacam. Torpaa
KamJ0oMy MOMEHTY BpeMeHH [ nmokosAmeiica cucteMbl (K) cooTBeTCTBYeT
onpe/lelleHHOe TONoMeHUe oceli qBUMYIIelica CUCTeMbl, U MbI U3 coolpame-
HUi CHMMMEeTPUU BIIpaBe JONYCTUTDL, YTO ABUMEHHUE CUCTEMEI k MOKeT ObITh
TaKHM, YTO OCH JBUIKYIIeHcA CHCTeMbl B MOMEHT BpeMeHH ¢ (uepes ¢ Beer-
na 6ynet 0603HAYATLCA BpeMA MOKOANEHCA CUCTEMBI) GYAYT NapalielbHbl
0CAM TOKOANIEHCcA CUCTEMEI.

IIpencTaBum cebe Tenephb, UTO IPOCTPAHCTBO pa3MeueHO KaK B IOKOA-
meites cucTeme K NocpencTBOM NMOKOANIET0CA B Hell MacuTata, Tak U B JBU-
mytieificAa cucTeMe k TocpecTBOM ABMMKYIErocA ¢ Helt macmiTaba, W 4TO,
TakUM 00pa3oM, MoNy4eHbl KOOPAUHATHI &, Y, Z H COOTBETCTReHHo &, 7, (.
IlycTh nocpeACTBOM NOKOANMIMXCA YAacOB, HAXOAANIMXCA B MOKOANIEHCA CHC-
TeMe, U ¢ MOMOUILIO CBETOBLIX CUTHANOB YKa3aHHLIM B § 1 cmoco6oMm omnpe-
lenfeTcA BpeMdA ! NMoKoAmeHcA CHUCTeMLl 1A BceX TeX TOUeR Iocieduei,
B KOTOPBIX HaxonATcA 4ackl. llyeTh nalee TakuM e o06pa3oM onpeldenfieT-
Cfl BpeMf 7 ABMKYUIeHCA CHCTEeMBI A BCEX TOYEK 3TOH CHUCTEeMbI, B KOTO-
PBIX HAXOAATCA TMOKOAN[MECA OTHOCUTENhHO TIOCHedHel Yachl, YKa3aHHBIM
B § 1 cnoco6oM CBETOBLIX CHTHANOB MeMy TOUKAMH, B KOTOPLIX 3TH Uachl
HAXOATCA.

RampgomMy naGopy 3HaueHuit z, y, z, {, KOTOpPLIe OJHOCTLIO ONpeEef-
IOT MECTO U BpeMA CoGLITHI B oKoflelicA cucTeMe, COOTBETCTByeT Habop
3HaveHuit £, n, (, 7, yCTAHABIUBAIONIUIi 3T0 cOOLITHE B cUcTeMe k., U Tellepb
Heo0XoAUMO HAlTH cUCTeMy ypaBHeHUl, CBA3LIBAIONIUX 3TH BEIWYHHEL.

IIpem e Bcero AcHO, YTO 3TH YPaABHEHUA NOMMKHBEI OBIThL JAuHelHbLMU
B CHIY CBOMCTBA OJHOPOAHOCTH, KOTOPOE MbI MPUTTHCHIBAEM NPOCTPAHCTBY
W BpeMeHH.

Ecmu mbl nonomum ' = x — vi, TO fiCHO, YTO TOYKe, TMOKoAmeiicA
B cucTteMe k, OyAeT NMpHHAANEMKATh OIpedeleHHblil, HE3aBUCHMBIN OT Bpe-
MeHnH Habop sHavenuit z', y, z. Cnavyala MLl onpeienuM 7 Kak GYHKIHIO OT
x', y, z, t. InAa 3To# nenu Mol JOMKHLI BLIPA3UTL C MOMOUILIO HEKOTOPLIX
COOTHOIEHUH, UTO 7 N0 CBOEMY CMBICHY eCTh He 4YTO UHOe, KaK COBORYII-
HOCTh TIOKA3aHUWI MOKOAIMXCA B CHCTeMe k 4acoB, KOTOPhIE B COOTBETCTBUH
C U3T0KEeHHLIM B § 1 TpaBUIOM HWAYT CHHXPOHHO.
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HyCTb H3 HavYala ROOPpAHHAT CHCTeMEI k B MOMeHT BpeMeHH T IIOCBI-
JaeTcAd nay4 cBeTa BAOJIE OCH X B TOURY z'u OTpasaeTcd oTTYNa B MOMEHT
BPpeMEHH 71 Ha3ajg, B HAYAI0 KOOpOWHAT, KyJa OH IPUXOJHT B MOMEHT Bpe-
MEHH T2 TOTAA AOJMIKHO CYUIECTBOBATL COOTHOIIEHHE

%(TO +7-2) = 71,

HIIH, BLINHCLIBAA apryMEHTLI (byHRIIHI/l T U IPAMEHAA NPUHIHI NOCTOAHCT-
Ba CKOpPOCTH CBETa B TIOKOAIeicA CHCTeMe, HMeeM

!

5 [00.0,0,0 +72(0,0,0,{t + 5Z— + FE- )] =

[
= (w 0, 0,t+7v”’_,u)-

Ecnu =’ B3AThL GecroHeyHO MalbIM, TO OTCIONA CllenyeT:

2 ot dx' "V —wv 8’

1 1 1 gr _ Or 1 o7
(V—’U+V+’U) T

HIH

or n v or —0.
o' V?_q2 0t
Heo6xoaumMo 3aMeTHTB, YTO MBI MOIH ObI BMECTO Hayaina KOOpJHHAT
BRIOPATEL BCAKYIO APYTYIO TOUKY B KaueCTBe OTIPABHOH TOUKM ITyua cBe-
Ta, ¥ MO3TOMY TOJLKO YTO TMOIYYEHHOE YPABHEHWE CIPABETHBO IIA BCEX
3Havenuit x’, y, z.
Eciu npuHATH BO BHMMAaHUe, UTO CBeT BAOAL ocelt Y U Z npu Habmio-
NeHHU W3 TOKOAueHcA CMCTEMEI BCerjla pacupoCcTPaHAETCA CO CKOPOCTHIO
v'V2 — 92, To aHanoruuHoe paccysjeHue, TpUMEHEeHHOe K 3TUM OCAM, J1aeT

o _o  Or

oy Bzzo'

Tar Kak 7 — auneliHaa GYHKIUA, TO U3 ITUX YpaBHeHHI cleqyeT

T=ﬂ,(t——V2Tiv2$’)y

rie @ — HeusBeCTHaf MOKa QYHKINUA ©(v) U palu KPATKOCTH IPHHATO, YTO
B Hayalle KoopauHAT cucTembl k npu 7 = 0 Takme u ¢t = 0.
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Ilons3yfich 3TUM pe3yNbTATOM, TerKo HAWTH BemWYuHHI £, 1, (. C aToll
1nenkio (Kak 3Toro TpefyeT IPUHIWN NOCTOAHCTBA CKOPOCTH CBEeTa B coUeTa-
HUH ¢ IPHHIIMIOM OTHOCHTEILHOCTH) HY#HO ¢ IIOMOIIbIO YPAaBHEHHU BRIpa-
3UTH TO 00CTOATENLCTBO, YTO CBET IPU UBMEPEHHH B JBHKYIIEHCA CHCTEME
TaKke pacrnpocTpaHfieTcd co ckopocthbio V. [Ina nyua cBeTta, BhILIEJIIETD
B MOMEHT BpeMeHU T = () B HaNpaBJIeHWH BO3pacTaloUUX £, HMeeM

E=VT:

HIH

E=G;V (t—ﬁiﬂ’)

—v
Ho oTHocUTenbHO Hauana KOOPAWHAT CHUCTEMBI k Jyd cBeTa NpH W3-
MepPEHUHU, TIPOU3BEIEHHOM B TNOKOAINeficA cUcTeMe, JBUMKETCH CO CKOpOC-
Tbi0 V — v, BclleACTBHE Yero

!
L .

V—wv
IlogcTaBuB 3TO 3HaYeHHe { B ypaBHeHHe 11 &, MOXyYUM

_ g V?
=g

PaccmaTpuBan 1yuH, ABMKyHIMecA BAOAL ABYX APYTHX oceil, Haxoaum

7)=V'r=a,V(t— ﬁm'),

npUyueM
L =t, z'=0;
VZ — o2
ClIeI0BATENhLHO,
n1=a 14 y u (=a 14 z
V2 — 2 V2 — 2
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e
1

VI=(/V)

a ¢ — Heu3BecTHAdA IIOKa PYHRKIUA OT .

Eciy ne genaTh HMKAKMX NPeANOJOMKEeHHH 0 HAYAILHOM IOI0MKEHUH
ABHUkyuIeficd cHCTEMBI U 0 HYJIeBOH TOYKe IMepeMeHHOH 7, TO K NpaBLIM
yacTAM 3TUX YpaBHeHUl HeoOX0AUMO HpUnHcaThb M0 OgHON ajgAUuTUBHOH
MOCTOAHHOIN.

Teneph MBI JIONKHEI TIOKA3aTh, YTO KamJbIli 1y4 CRETa — NPH UAMeEpe-
HHUHU B JBUMKYIIelcA cicTeMe — paclpocTpaHfieTcA cO CKOpocThbio V, eclH
3TO yTBepMIeHHe, COTJACHO HAlleMy AONYIIeHUIO, CpaBelIUuBO B IIOKOA-
IleficAd cucTeMe; MBI ellle He JoKAa3aly, YTO IPUHIIUI TOCTOAHCTBA CKOPOCTH
CcBeTa COBMECTUM ¢ NMPUHIUIIOM OTHOCUTENILHOCTH.

IIycts B MoMeHT BpeMeHM ¢ = 7 = ( U3 06mero B 3TOT MOMEHT 1A
ofeHX cuCcTeM Hayvala KoopAHHAT MNOchlIaeTceA chepuyeckasd BoJHA, KOTO-
pas pacnpocTpaHfeTcd B cicTeMe K co ckopocThio V. Eenu (z, v, z) ecTh
TOUKA, B ROTOPYIO NPUXOAUT 3TA BONHA, TO MBI HMeeM

A=

oy +22 =V

IIpeo6ipazyemM 3To ypaBHeHHe ¢ TTOMOUILIO 3aNMCAHHLIX BLINIE GOpMYyI
npeobpa3oBaHUA; TOrJa MOIYUYHM

52+7?2+C2=V2 2.

HTakr, paccMaTpuBaeMas BonHa, HaOTioJaeMad B IBUYIIelicA cUcTe-
Me, TaK#e ABIAETCA IAPOBOH BOMHOI, pacmpOCTpaHAMONIENHCA cO CKOpOC-
Thio V. TeM caMbIM N0KAa3aHO, YTO HAUIM JBA OCHOBHEIX NPHHIUNA COBMec-
TUMBEL.

BriBeneHHLIe pOpMYILI Tpe00pa30BaHUA COAEDKAT HEUBBECTHYIO DYHK-
IUIO ¢ OT ¥, KOTOPYIO MEI TeNeph OTMpeeluM.

Jlnga »Toll neau BBOAUM enle 0[JHY, TPEThI0 ROOPAUHATHYIO cHeTeMy K,
KOTOPaA OTHOCHTENLHO CUCTEMEI k COBepIlaeT mocTynaTenbHoe JBH#eHHe
napainneibHO ocH E TakuM 06pa3oM, UTO ee HAYAN0 KOODAWHAT JBUKETCH
co ckopocThio —v 10 ocd E. [IyeTh B MomeHT Bpemenu ¢ = () Bce TpH Ha-
Yala KOOPAWHAT COBMAAAlOT, H MycTh Ipu £ = ¢ = y = z = 0 BpemdA ¢
B cuctemMe K' paBno (. llyets 2/, 3, 2’ cyTh KoopaWHATEI, UBMepEeHHEIE
B cucteme K'. Tlocne aBykpaTHOTO TTpUMeHEeHH HANUX GopMYy! Tpeobpa-
30BaHUA TIOTY1aeM
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D8 {+ ¢} = phe-ui

(—v)
(=0)B(—=o){{ +v7} = p(v)p(-v)z,
(=v)n = p(v)p(=v)y,
p(—v)¢ = p(v)p(-v)z.

Tar kak cooTHomeHud Memny x', ¥', 2’ M x, y, z He comepkaT BpPeMe-
HM £, TO cicTeMbl K U K' HaXopATcA B OKOe OTHOCHTENLHO APYT APYTa,

W ficHO, 4TO mMpeoGpasoBanve U3 K B K' nomkio GLIThL TomAeCTREHHLIM
npeobpazoBanuem. CleqoBaTenLHO,

e(v)p(-v) = 1.

BoificHuM Temephb ¢H3UUYecKUil cMblca pyukuuu o(v). laa atoro pac-
CMOTPHUM Ty YacTh ocH H cucTeMbl k, KoTopas NeMMT MeKIYy TOUKAMM
E=0,np=0,{(=0ué=0,n=1,¢=0. 3Ta yactb ocu H npexacras-
nfieT coboit cTepHeHb, ABWKYIUHACA MEePIeHAURYIAPHO CBOeli OCH CO CKO-
POCTBIO v OTHOCUTENLHO cHeTeMbl K. KoHus aToro crepana B cucteme K
HMEIOT CledyIoluie KOOPAUHATHI:

=
=
0

GC
y =
o

I = ’Ut, i =

Ty = vt, 2 =0, za = 0.

TaxuM o00pazoM, JNHHA CTepHA, U3MepeHHad B cHcTeMe K, pas-
Ha [/p(v); TeM caMbIM BEIACHEH U (U3HUECKHI cMbIca yHKIUH p(v). B ca-
MOM Jelne, U3 cO00paKeHUil CHMMETPHH Telephb ACHO, YTO H3MePeHHad B 1o-
KOAMEicA cUCTEMe ANHHA HEKOTOPOTO CTEPKHA, ABMIKYIUIEr0CA NEpIeHau-
KYJIfAPHO CBOEl 0CHU, MOJKET 38BUCETH TOJNLKO OT BEIWYUHELI CKOPOCTH, HO He
OT ee HANpaBieHHA W 3Haka. CleloBaTeNbHO, AMUHA NBHIKYINET0CA CTEPHK-
HA, U3MEDPEHHAA B TOKOANIEHCA CUCTEME, He U3MEHAETCA, ECITH ¥ 3aMEHUTh

yepes —v. OTciofa caeayet: / I
e(v)  p(-v)’
HUJIH
(v) = p(—v).

H3 3Toro W maiigeHHoro paHee COOTHOIEHHH caenyet, uto ¢(v) = 1,
TAaK 4TO HaiijleHHble (GopMYIbl Mpeolpa3oBaHuA NePeXoAT B cleayionHe:
ﬁ(t_ﬁw): £=ﬁ(w—vt), n=y, sz,
rae 2
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§ 4. du3HYecKHl CMBbICJ MOJIYYEHHbIX YpaBHeHHH IaA
OBHUMYIIUXCA TBEPIbIX Tel U IBUMYINHXCA YacOoB

PaceMoTpuM TRepALIH ap! paguyca R, HaxogAnUiicA B MOKOe OTHOCH-
TeNbHO ABUMYMEHCA CHCTeMBI k, IPpUYEM OeHTD IIapa coBnajaeT ¢ HayaaoM
KOODAUHAT CHCTEeMBI k. YpaBHEeHUEe MOBEPXHOCTH 3TOT0 Mapa, IBHKYUIETOCH
OTHOCHTEILHO cHeTeMBI K €O CKODPOCTLIO ¥, HMeeT BUJ

Ez+n2 +C2=R2'

YpaBHenue 3Toiff MOBEPXHOCTH, BLIPAMKEHHOE 4yeped &, ¥, Z, B MOMEHT
BpeMenu ¢ = () Gyzet
72

( 1-— (U/V)Z)

CnenoBaTelLHo, TBEPJOE TENO, KOTOPOE B OKOANIEMCA COCTOAHUN UMeE-
eT (popMy IIapa, B ABUKYUIEMCH COCTOAHUN — TIPH HAGIIONEHUH U3 TTOKOA-
melca cUCTeMbl — MpUHHUMaeT GOpMY 3IIHICOUAA BpallleHUA ¢ IONIYOCAMU

R\/1-(v/V)’, R, R.

B To0 Bpems KaK pa3Mepbl Wapa (a, clieloBaTeNbHO, H BCAKOr0 ApYTOro
TBepAoro Tena mMobod GopMbl) Mo ocAM Y U Z 0T ABMKeHHA He U3MeHA-

/ 2
I0TCA, pa3Mephl Mo ocH X cokpamaioTed B oTHomenud 1 : 4/1— (v/V)7,

W TeM cUIbHee, 4eM Gonblie v. IIpu v = V Bce gBumymMeca o6BheKThHI, Ha-
O6moaeMble U3 «OKOANIHCAY CUCTEMBI, CITIONTMBAIOTCA W TIpeBpalalnTea
B nnockde GUrypsl. [[na ckopocTeii, npeBbIMaONdX CKOPOCTD CBeTa, HAIU
paccy#JeHHA TePAIOT CMBICH; BIPOYeM, U3 JalbHEHIIUX paccyrAeHHH Oy-
JeT BHUHO, YTO CKOPOCTh CBeTA B Hallleii TeOpUM (PUIHWUYECKHU UTPAET Poih
OeckoHeYHO GOMbIIOH cKOpOCTH. fIcHO, UTO Te #e pPe3ynbTaThl OIYYanTCA
ANA Ten, HAXOAANIMXCA B [IOKOE B «II0KoANIeiicA» CHCTeMe, HO paccCMaTPUBa-
€MEIe U3 CHCTEMEI, KOTOPafd PABHOMEPHO ABHUIKETCAH.

IIpepctarum cebe, nanee, YTO Yachl, HAXOAfCh B TMOKOE OTHOCHUTENLHO
TIOROAIlIelicA cUCTeMBI, TOKA3bIBAIOT BpeMA [, a HaXoAAch B MOKOe OTHOCH-
TelbHO JIBHMKYINEeHCA cUCTeMBI, MOKa3kiBaloT BpeMA 7. [lyeTh oHH mome-
I[eHBl B Havyale KOOpAWHAT cUcTeMmbl k. Kar ObicTpo MAYT 3TH Yachl Npu
paccMOTPEHUH U3 ToKofllelicA CHCTeMBI?

7 —O—yz—i—zz:Rz.

IT. e. Teno, KOTOpPOE B COCTOAHMHN MOKOA VMeeT MAPORYIO GOpMY.
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Benuuuwnl z, ¢, 7, OTHOCANIHECA K MECTY, B KOTOPOM HaXoAATCA 3TH
yachl, 0YEBU/IHO, CBA3AHBI COOTHOIIEHUAMU

T = 1 t— %o u x=uvl.
2 V2
1—(v/V)

Taxum o6pa3oM,

refi- == (1= o)

OTKY/A CIelyeT, YTO II0Kasanue yacoB (HabniofaeMoe U3 MOKOANIEHCH CHC-
TE€MBbI) 0TCTaeT B CeKyHIy Ha

(1 —y/1- (U/V)2) Cek,

WM, C TOYHOCTLIO /10 BETUYUH YETBEPTOr0 U BLICUIWX TMOPAAKOB, HA
1 2
3 (v/V)" cer.

OT1ciona BbITeKaeT cBoeoOpasnoe ciencTBHe. Eciu B Toukax A u B
cucTeMbl K noMeneHbl NOKOANHeCA CHHXPOHHO HAYIIHE Yackl, Habmofiae-
MbIe B MOKOAINeicA cUCTeMe, U eClii Yachl U3 TOUKKM A JBUTATH MO MTHHWH,
coegunAlomei ee ¢ B, B CTOPOHY nocleHel co CKOPOCTLIO v, TO 10 NIPUOLI-
THU BTHX YacOB B B oHU yme He OyayT Oolee UATH CHHXPOHHO C YacaMu
B B. Yacnl, nepeapurasurieca U3 A B B, 0TCTalOT [0 CPaBHEHHIO C YacaMu,

HaXogAumUMucd B B ¢ camoro Havana, Ha %t (Uz/Vz) ceK (¢ TOYHOCTBIO J0

BEIUYHH YETBEPTOT0 H BHICHIHX TOPAIKOB), €clH { — BpPeMA, B TeUeHHE
KoTOporo Yacel U3 A aBuramuck B B. Cpasy BUIHO, YTO 3TOT pe3ylILTaT
noTyuyaeTcA W TOTAa, KOTJa Yachl ABUMKYTcA U3 A B B no moboii noMmaHol
THHUH, a TAaKMKe ToTaa, Koraa Toukd A u B coBnajgaioT.

Eciu npuHATH, YTO pe3ynbTaT, JOKa3aHHBIN JUIA JOMaHOU TUHUH, Be-
PEH TaKe NJA HEMPEPbIBHO MEHAIOMIEN CBOe HampaBleHHe KPHUBOI, To mo-
IydaeM cleAYIOUYI0 TeopeMy.

Ecniu B Touke A HaXxoAaATeA JBO€ CMHXPOHHO HAYUIMX YACOB W MBI Te-
peMelaeM OfHH W3 HUX TI0 3aMKHYTOH KPUBOH ¢ MOCTOAHHONR CKOPOCTRIO 10
TeX IOp, NOKa OHU He BepHyTcdA B A (Ha uTo noTpelyeTca, ckameM, L cer),
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TO 3TH 4YachI IIO HpHﬁBITHH B A 6y,ﬂyT OTCTaBaTEk IO CpaBHEHHIO ¢ YacaMH,
OCTaBaBIIUMHCA HeNMOABHMKHBIMH, Ha

%t (v*/V?) cen.

OTCIO,HH MOMHO 3aKJII0UYATh, YTO YaChI C 6anchup0M, HaxoaAuniHecA Ha 3eM-
HOM 3KBaToOpe, JOA#HBI HATH HECKROJIBKO MenJieHHee, YeM TOYHO TaKkHe #e
4acsl, IOMelleHHbIe HA MO Ce, HO B OCTAJNBHOM MOCTAaBJIEHHbIE B OJIUHAKO-
Bbl€ YCIOBHA.

§ 5. Teopema clo#eHUA CKOpPOCTEi

llyeTh B cucTeMe k, ABHHcyIIeiicA co CKOPOCTLIO ¥ BAOAL ocH X cuHc-
TeMbl K, ABM:eTCA TOUKA COTMACHO YPaBHeHUAM

5 = WeT, n = wyT, C = 07

Tjle W¢ H W, — NOCTOAHHEIE.

HaitnpeMm ABH:eHHe TOYKRM OTHOCHTenbHO cucTeMbl K. Ecnu B ypaBHe-
HHA JBUMEHUA TOYKH ¢ NMOMOIILIO BRIBeJAEHHBIX B §3 dopMyn npeobpaso-
BaHUA BBECTHU BEIWUYMHBI Z, ¥, z, f, TO MONYYHUM

we + v Vv1—(v/V)?
r=—-—=t, Yy = Wy
vwe vwe
1 + V2 1 + V2

B
|
=

HTar, 3akon napannenorpaMMa CKOpPOCTed B Hallledl TeOpHM BepeH
TONbKO B NepBoM npubnussenuu. [lomomum

2 2
d dy W
U? = (d_:f) + (E) , w=w;+w) n azarctgw—z;

Torga ¢ HaaAo0 pacCMaTpPUBATE KaK yron Mestay CHOPOCTAMH v U w. Hocne
IpOCTOT0 BRIYHUCIEHHA TOJYYaeTCH

- \2
\/(v2 + w? 4+ 2vwcosa) — (’”ws%)
U= 1+ vweosa ’
V2
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JaMeyaTensHO, UTO ¥ U w BXOAAT CHMMETPHUUHO B BbIpameHue N1A pe-
3YIbTHDPYIONEH cKopocTH. Ecu w Toxe uMeeT HanpaBneHue ocH X (ock Z),
TO dhopmynaa aaa U npuHuMaeT creayIONUil BUA:

+w
U=U—.
vw

H3 aToOro ypaBHeHHA clefyeT, YTO Pe3ylbTHPYIONaA CROPOCTh, TOAY-
yamomafaca TPH CIOMEHWH JIBYX CHOpOCTell, KOTOphle MeHbIe V', Bcerja
Menblle V. [MomomuB v =V — 3z, w =V — A, rie » u A o6e NOT0MUTENTBHE]
U MeHblle V, uMeeMm:

v=y—V=x=2 __y
2V — - A+ 22

Jlanee ciefyeT, 4TO CROPOCThL cBeTa V OT ClOMeHUA CO CROPOCTHIO,
KOTOpasA MeHbINE CKOPOCTU CBeTa, He MoieT ObITh WaMeHeHa. InA 3Toro
CIyuas MoayyaeTes
V4w

w
1+V

U =V.

B ToMm cnyuae, korjla v ¥ w UMeIOT OJJHHAKOBBIE HATIPABIEHUA, Mbl MOT-
a4 Obl monyuuTh dopMyny Ana [/ Tak#e MyTeM TOCIeNOBATENLHOTO TIPU-
MeHeHus AByX npeoGpasobauuii u3 § 3. Ecau mul napagy ¢ cucteMamu K
U k, GurypupylomuMu B § 3, BBeJeM ellle TPEThIO KOOPAUHATHYIO cHCTe-
My k', IBMKYIYIOCA MAapaanelbHo cucTeMe k BAOIL OCH = ¢O CKOPOCTLIO w,
TO NIONYYHM ypaBHEHHA, KOTOPhIE CBA3LIBAIOT BENHYUHRI X, Y, 2z,  C COOT-
BETCTBYIONMMH BeIHYWHAMMU crcTeMbl k'. OHU 0TAMYAIOTCA OT HAKAEHHBIX
B §3 TonbKO TeM, YTO BMECTO v CTOMT BeNUYHA

v+ w
vw’
OTcrofa BUAHO, YTO TaKHe MapalielbHLIe IPeoOpa3oBaHuA, Kak 3TO W O K-
HO OBITh, 00pasyIOT Cpynny.
TaruM o6pa3oM, MbI BEIBEIH HeoG X0l Mble HAM TTONO#EHUA KUHEMATHU-

KM, IOCTPOEHHOH B COOTBETCTBHHU C HAIIUMH JBYMA NPUHIIUIIAMH, U IIEPEX0-
JUM Teneph K TOMY, YTOGBI TOKA3ATh WX IPUMEHeHUE B 3MeK TPOJIUHAMUKE.
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I1I. 9nekTpoaHaMHUYecKad YacTh

§ 6. Ilpeo6pa3oBanue ypaBHenuii MakcBeana—Iepna
IUJIA nycToro npocrpancTsa. 0 npupoje
IEKTPOABHMYINHX CHJI, BOZHHUKAIOMINX

IpH OBHMEHHMH B MArHMTHOM MoOJIe

IlyeTs ypaBHenus MaxcBenna—I['epua cnpaBeJauBLI AJA MYyCTOro MpPo-
cTpaHCTBa B TOKoAleiica cicTeMe K ; B TAKOM clTydae HMeeM

18X _ON oM  10L _9Y 0%
Vot Oy 0z’ Vot 0z Oy’
10Y _0L_ON  19M _ 97 _ax
Vot 8z Oz’ vV ot  dxr Oz’
19Z _ oM _dL 18N _ 9X _ 9y
veéo oz oy’ Vo gy Oz’

rare (X,Y,Z) — BexTop HANpAMEHHOCTH BIEKTPHUYECKOTO TIONA,

(L, M, N) — BeKTOp HANPAMEHHOCTH MATHUTHOTO MONA.

Ecin MBI IpUMeHMM K 3THUM ypaBHeHHMAM npeoOpazoBaHHe, KOTOpoOe
OLLIO TOJY YE€HO B § 3, M 0THEeCEeM 3IeKTPOMATHU THBIE IPONECChl K BBEJeHHOMH
TaM KOOPAWHATHOH cHCTeMe, OBHKYIIeHCA cO CKOPOCTBIO v, TO IOXYYUM

YpaBHEHU A Lox Bﬁ( — %Y) ap (M + %Z)

V ot on 9¢ ’
l@ﬁ(Y— %N) o Bﬁ(N—%Y)
v ar ~ acC ) ’
) B (Z+%M) o3 (M+%Z) oL
V.o o N 9€ CZX
Lo 98 (Y—%N) 88 (Z+%M)
Vor 9€ - an
98 (M + %Z) bY: (.Z + %M) ox
vV ot - BT T
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e

B=—>L .
1— (v/V)?

[IpHHOMI OTHOCHTENILHOCTH TpelyeT, uTOOBI cIpaBelIUBble B CHCTe-
Me K ypapuerna MakcBenna—Depna ana nycToTnl 6LITH 6LI Takike crpa-
BeJIUBLI U B CHCTeMe k; 3TO 3HAYMT, UTO [JIA BEeKTOPOB HaNPH:HeHHOCTH
alleKTpUYeckoro U MaruuTHoro nonedt [(X', Y/, Z’) u (L', M’, N'}], onpe-
JelleHHbIX B JBHYNIelcA cucTeMe k 4epe3 MX NOHAepOMOTOPHBIE AeficT-
BHAl Ha 3JIeKTPHUYECKUe 3aPAAbI, HIH, COOTBETCTBEHHO, MATHUTHBIE MACCHI,
JOMAHBI ObITH CIpaBeINBhI clefyIOliie ypaBHeHNA:

19X' _ ON' _ oM’ 19L' _aYy' 97
V or on ac’ V or ¢ on’
19Y' _ 9L BN’ 19M' _ 9Z'  9X’
Vor _ oc o Vor 0 o’
182 _aM' _ 8L 19N' _ 8X' _ 9y’
V or ¢ on’ V or on o¢

O6e cucTeMbl ypaBHeHHI, HaHAeHHLIE JJIfl CHCTEMEI &, 0UeBUHO, JOJIH-
Hbl BbIpa;kaTh B TOYHOCTH OJIHO W TO e, TAK KAk 00e cCHCTeMbl ypaBHe-
HUil 3KBUBANeHTHBI ypaBHeHMAM MaxcBenna —['epna ana cuctemsl K. [la-
lee, Tak KaK ypaBHeHHA o0eHX CHCTEM cOBNAAAIOT JPYT € APYTOM BO BCEM
3a HCHJIIOYEeHEM CHUMBOJOB, H300paMalonliX BEKTOPLI, TO OTCIO/A CleayeT,
YTO PYHKIIHU, CTOANINE B COOTBETCTBYIOIMX MecTax 00eux cucTeM ypaBHe-
HUH, JoN#HLI GBITh paBHBI Mexty co6oli ¢ TOUHOCTELIO A0 MHOMHTENd 1(v),
obmrero nnd BceX GYHRITHIA, KOTOPBIA HEe 3aBUCHT OT &, ), {, T, HO MOKeT,
BooGlle ropops, 3aBuceThk oT v. UTak,

X' =¢(v)X, L' =(v)L,

Y =(v)3 (Y - %N) . M =¢(v)p (M + %Z) ,

7' =1p(v)B (Z-I— %M) , N =43 ( — %Y) .

Ecnu o6paTUTh 3Ty cHCTeMYy YPaBHEHHH, BO-TIEPBbIX, Y TEM Henocpe-
CTBEHHOI'0 pellleHud 1, BO-BTOPLIX, C IOMOLIbIO 06paTHOr0 npeo6pazoBanus
(u3 k B K), KoTOpoe xapaKnTepUayeTcs CKOPOCTbIO —v, W TIPUHATL BO BHH-
MaHue, 4TO ofe oMYy YHBIIHECA CUCTEMRI JON#HBLI OLITH TOM/JeCTREHHBI, TO

p(v)p(—v) = 1.
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Jlanee 13 coo6pameHuii cUMMeTpHH, cleayeT!

P(v) = P(-v);
TakuM ob6pasoM, H(v) = 1
1 Halli ypaBHeHUA NPUHUMAIOT CleJYIONIHii BUA:
X' =X, L' =1L,

Y’=ﬁ(Y—%N), M’=,6(M+%Z),

Z'=,6(Z+£M), N'=ﬁ(N—£Y).
|4 |4

JlnA WHTepnpeTandH 3THX ypaBHeHHH zaMeTHM chefyioliee. llycTn
HMeeTCcA TOYeuHLIH 3apAf, KOTOpPBIH NpH U3MepeHHH B MokoAmelics cue-
TeMe K paBeH deJHHHIE», T.€., NOKOACh OTHOCHTENbHO MOKOAILIEHCA CHC-
TeMBI, OH HA pacCTOAHHU 1 ¢M JelcTByeT ¢ cuinoii B 1 JWH Ha Taroe e
KOIMUYECTBO 3leKTpHuecTBa. CornacHo NPHHIUNY OTHOCHTENLHOCTH, 3TOT
aTexTPUYECKHUI 3apA] MpPU U3MepeHuH B ABMMKYIIeHcA cCHCTeMe ToMe pa-
BeH «efdHHner. EClIH 3TO KOMHYECTRO 3MeKTPHYECTBA HAXOAUTCA B MOKOE
OTHOCHTEILHO ToKoAmEHeA cueTeMel, To BekTop (X, Y, Z), cornacHo onpe-
NelleHUIO, PaBeH Clle, TeHCTBYIONEH Ha YIOMAHY ThIH 3apaj. Ecau ae zapan
HAXOJUTCA B II0KO€ OTHOCHTENLHO ABHMYIelicA cucTeMbl (0 KpaijiHed Me-
pe B COOTBETCTBYIONIMIA MOMEHT BPeMeHH ), TO CHIa, JefiCTBYIOIEA HA HEro
W M3MepeHHaA B JBHKYLIelicA cucTeMe, paBHa BexTopy (X', Y/, Z'). Cne-
JoBaTelLHO, MepBble TPY U3 HANMCAHHBIX BBINIE YpaBHEHWN MO:mHO cdop-
MYIHPOBATL CIeYIONMMH JBYMA CIOCOGaMH.

1. EciM B 31eKTPOMarHMTHOM II0d€e JBHKETCA eJHHMYHLIA TOUeUHLIH
3apAj, TO Ha Hero, KpoMe 3/IeKTpUUYECcKoro NMojf, AefcTBYeT elle «3IeKTPo-
MOTOpHAA CHJIay, KOTOPAA TIPH YCIOBHH NpeHedpemena uleHaMu, Ipomop-
NUOHATLHLIMH BTOPOi U Goee BRICOKMM cTemeHAM v/V, paBHa JleleHHOMY
HA CKOPOCTh CBETA BEKTOPHOMY IIPOH3BEEHHIO CKOPOCTH [BHMEHUA eld-
HMYHOrO 3apfla HA HANPAMEHNHOCTL MaruuTHoro nois. (Crapasa dopmynu-
pOBKa.)

2. Eciv eAMHHYHLIA TOYEUHLIH 3apAA ABUMKETCA B 3IEKTPOMATHUTHOM
nolie, TO JIeficTBYIONaA HA HEro CHIla PaBHa HATPAMEHHOCTH 3MeKTPHYECKO-
T0 NMOJA B MecTe HaXos#JeHUA 3TOTr0 3apﬂﬂ;a, HOquaIOHIBﬁCH B pesyanaTe

'Eean, nanpumep, X =Y = Z =L =M =0 u N # 0, 10 us coofpameHuii cum-
MEeTPHH ACHO, UTO, KOTJ@ ¢ MEHAET 3HAHK 0Des H3MEeHEeHHA CBOeTD YHCJIEHHOTOD ZHAYEHHA,
Y’ jonmHo M3MeHMTh CBOHl BHEK Tak#e He3 M3AMEHEHUH CBOEr0 UMCIEHHOr0 3HAYEHHA.
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npeoGpa3oBaHuA TOAA K KOOPAWHATHOH cHCTeMe, MOKOANEHCA OTHOCHTENb-
HO 3Toro zapaga. (HoBas dopMynupoBka.)

AHaTOrMYHLIE TIONOMEHNA CNIPABE/UIUBEL JUIA ¢MarHU TOMOTOPHBIX CHJI».
MEI BUAMM, 4TO B H3JIOMEHHOH TEOPUH BIERTPOMOTOPHASA CUJIA HT'DAET POJIhL
BCIOMOTaTeNbHOr0 IOHATHA, KOTOpOE CBOMM BBeJAeHNWeM 00A3aHO TOMY 06-
CTOATENLCTBY, UTO 3IEKTPUYECKNE H MATHUTHLIE TIONIAl HE CYLIECTBYIOT HeE-
38BHCHMO OT COCTOAHUA JBMMEHHA KOOpAUHATHOH cHcTeMbl. HcHo, uTo
acMMMeTpUA, YIOMAHYTAA B BBeJeHWH MPU PACCMOTPEHMM TOKOB, BO3HM-
KallUX BCIeJCTBHE OTHOCHTENbHOTO /BHMEHUA MAarHUTA W NPOBOJHHWKA,
HcuesaeT. Bompocul o TOM, I'le «CHAATY MK TPOAHHAMHYECKHE CHILI (YHH-
TIO/IAPHBIE MAIMHBL), TAK#E TEPHAIOT CMBICI.

§ 7. Teopus abeppanuu u a3dderra Jonniaepa

IIyeTh B cucTeme K oYeHb AaleKko OT Hayajla KOOpPJHHAT HAXOJUTCH
HEKOTOPHLIH HCTOYHHUK 3NEKTPOJHHAMHUYECKHX BOJNH, KOTOPLIE B HEKOTOPO#
YacTH TpOCTpaHCTRA, BRIOUaomed Havyalo KOOpAHHAT, MOTYT OBLITh ¢ J10-
CTATOYHOH CTeneHbid TOYHOCTH NpecTaBleHbl Y paBHEHHAMU

X =Xpsin®, L = Lysin®,
Y =Yysin®, M = M;,sin®,
Z =Zysin®, N = Nysin®,

az + by + cz
¢ = - .

3neck (Xo, Yy, Zo) u (Lo, My, Ng) npenctaBnaioT co6oit BeRTOPHI, onpee-
TAlOMMe aMILTMTYAY 1YTa BOJH; a, b, ¢ — HanpaBIAiomide KOCHHYCHI HOp-
MAalu K GPOHTY BOJHBI.

BuIficHUM Telepb, KAaKOBbI CBOMCTBA 3THX BOJH, KOI'/Ja OHH HMCCIEAY-
I0TcA HabaioJaTelneM, HAXOAANHMCA B MOKO€ OTHOCUTEILHO ABHIKYIEHCH
cucTeMul k. lIpuMeHUB Haiigennnie B § 6 ¢poopMynnI npeobpasoBanua Hamps-
MEHHOCTEH AMEKTPHYECKOr0 W MATHMTHOTO TONelH, A Takike MONyUYeHHbIe
B § 3 dropMyasl npeoGpazoBaHiA KOOPAWHAT W BpeMeHH, IONYUaeM:

X' = X,sind’, L' = Lysin @',

Y'=p4 (Yo — %No) sin®', M' =4 (Mg + %Z@) sin @',
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Z' = ﬁ (ZO + %Mg) sin<I>', N' = ﬁ (NO — %YB) Sin‘b’,

aé+bg+c
(:EI_ (T— 5 77 C),

z
rae
w'=wﬁ(1—a%),
_ a—% _ b _ c
B (e I D]

Bosbmem Haﬁ.IIIOJIaTeJIH, ABHKYIIeroCA CO CKOPOCThIO ¥ OTHOCHUTEIhL-
1o GecroHeyHO yAAIEHHOT0 HCTOYHHKA cBeTa, YacToTa KOTOpPOro paBHA V.
M3 ypapuenia aia ' BLITeKAeT, UTO eCIHM Yron Memay THHHeH, coeauna-
1oleil UCTOYHUK cBeTa ¢ HalmloaaTeneM, U CROpPOCThIO HabntoaaTelnA, OTHe-
CeHHOH K KOOPIHHATHOH CHCTeMe (nonoameﬁ(:ﬂ OTHOCHTENLHO HCTOYHHKA
CBeTa), paBeH , TO BOCIPUHUMaeMas HaOnloaTeleM HacToTa v' cBeTa na-
eTcd cleayiomieid GopMynoi:

v
. 1 v Cos ¥ |

1—(v/V)*

Jd10 U ecTh npuunun Mommiuepa AnA a06wix cropocTteit. llpu ¢ = 0
¢dopmMmyna npuHUMaeT Gonee MPOCTOH BHUA

MbI BHAWUM, UTO, B MPOTHBOIMONOMHOCTE 00BIYHOMY Mpe/CTaBIEHUIO,
IPUH ¥ = —O0 YacToTa vV = 0.

Eciu 0603nauuTh yepes ¢’ yroa Memay HOPManblo K (POHTY BOMHLI
(HampaBleHHeM JIy4Ya) W THHHeH, coeJUHAIONEed HCTOUHUK CBeTa ¢ Habmio-
AaTeneM, To bopMya Aad ' npuMeT BUA

k4

CoSp — —

s = V.
1— Zcosy

|4
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JdTa dhopMyna BeipamaeT 3aKk0H afeppallui B ero Harbonee obuieti dop-
Me. Ecin ¢ = 7/2, To hopMyna npMHUMaET NPOCTOH BUA

cosyp’ = —

<o

Meur monmHBI Teneph HAWTH 3HAaYeHHe AMILIMTYALI BOJMH, BOCIPHHUMA-
eMBEIX HalmiogaTeneM B ABH:mYylleiica cucTeme. O603HaYUB COOTRETCTBEHHO
yepes A U A’ aMIIUTY AL HANPAMEHHOCTEH €K TPHUYE CKOT0 WX MArHU THO-
o nonei, UsMepeHHLIE B IOKOALLENCA W B IBHMKYLIEHCA CHCTeMAaxX, Oy YUM

) (1— %cosw)

- (3)

10 cooTHouleHUe npu ¢ = () nepexoquT B Golee NPoOCTOE

A=A

v

|4

1+ 2
TV

AI2 — A2

W3 BLIBEJIeHHBIX YpaBHeHHH cleAyeT, UTo HabmioaaTeno, KOTOPbIH G-
neT MpudbIUMAaTHCA CO CKOPOCTHIO V' K HEKOTOPOMY MCTOUYHHMKY CBETA, MO-
cnegquuil 6yaeT KazaTheA GeCROHEUHO HHTEHCHBHBIM.

§ 8. Ilpeo6paszoBaHue BHEePruu Jadyudeii cBeTa.
Teopuna naBneHNA, IPONU3BOJUMOI'0 CBETOM
Ha MjealbHOE 3epKalo

Tan war A2?/8m paBHAeTcA 3HepTHH cBeTa B efHHHne 06heMa, TO Ha
OCHOBAHUH MPUHIUTIA OTHOCUTENIHLHOCTU BENTHUHHY A’2/87r MBI ION#SHBI pac-
CMaTpPHMBATh KaK 3HepPrui0 cBeTa B ABUMYIIelicA cucteMe. IloaToMy Be-
mnunHa A’ /A? Gbuta GBI OTHOIIEHMEM 3HEPTUH ONPE/IEIEHHOr0 CBETOBOT0
ROMILIERCA, «M3MEPEHHOH B [BHUMEHHMUY, K DHEPrHH TOTO e KOMILIEKCA,
{MU3MepeHHOH B MOKoe», eclIH Obl 00LeM CBeTOBOr0 KOMILIeKca OcTaBalcH
Obl OJHUM W TeM e TpH W3MepeHHM B cucTeMax k& u K. OaHanro 3To He
Tak. Ecnu a, b, ¢ npeAcTaBnAoT co6oit HATpaBAAIONIHE KOCUHYCHI HOpMa-
neli kK GPOHTY CBETOBOL BONHBI B IOKOANIEHCHA cHCTEME, TO YEPE3 3eMEeHThI
MIOBEPXHOCTH cihephl

(x —Vat)® + (y — Vbt)> + (z — Vet)? = R?,
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ABHYTIElicA CO CKOPOCThIO CBeTa, He MPOXOJUT HUKAKAA JHEPrHA; MO3TO-
MY MbI MO#eM YTBep#aTh, UTO 3Ta IOBEPXHOCTh Bce BpeMs OrpaHUYUBa-
eT coGoif 0AUH U TOT Ke CBETOBOI KOMILIeKe. BLIACHHM, KaKoe KOTHYECTBO
SHEPrHU 3aKJII0YeHO BHYTPH 3TOH NOBEPXHOCTHU, eCIH HAGIIOJEHHE BedeT-
cA B cucTeMe k, T.e. KakoBa OyJeT 3Heprus 3TOro CBeTOBOI0 KOMIIIeKca
OTHOCHTEILHO CHCTEMELI k.

Cihepuyeckas MOBEPXHOCTh, paccMaTpHBaeMas B JIBHMYIElcA cHCTe-
Me, npeAcTaBifAeT coboll MOBepXHOCTh 3NTUNCOUIA, YpPaABHEHHE KOTOPOro
B MOMeHT BpeMeHHu 7 = () OynieT

2 2 2
v U v 2
BE—aB=E) + | n—-bB 6| +(C—eBE] =R
( Vv ) Wy Vv
Eciu yepea S 0603HaydTL 00LeM mapa, a yepes S’ 06LeM 3Toro an-
TUTICcOUAA, TO, KAK TTOKA3hIBaeT NMPOCTOE BEIYHCIEHHe, AOM#HO BLIMOIHAThLCA

COOTHOIIIeHHE
s =@V

S _ ]
1 v Cos ¥

O6o3Havad yepe3 F 3Hepruio cBeTa, 3aKAIOYEHHYIO BHYTPH paccMaT-
PHBAEMOH MOBEPXHOCTH M H3MEpPEHHYl0 B MOKOANecA CHCcTeMe, a yepes K’
TY iKe BHEPruio, U3AMepPEHHYIO B ABH:KYIIelicA cHcTeMe, TIONyYaeM

A'2Sr 1_2

E _ 817 _ y CO5¥
B a V1= (v/V)?
8T

dta popMmyna npu ¢ = () nepexoJuT B Honee NpocTyio

3aMeuaTelLHO TO, YTO M 3HEPrHA, U YacTOTa CBETOBOI0 KOMILIEKCA
C U3MEHEeHHeM COCTOAHHA ABHMEHHA HaOMIOJaTeld MeHAIOTCA M0 OHOMY
U TOMY iK€ 3aKOHY.

[lyeTh Temeph KOOpAMHATHAA MIOCKOCTEL £ = () mpepcTaBiadeT coGoi
HealbHYI0 3epRaIbHYIO MOBEPXHOCTh, OT KOTOPOH OTpamamoTea IIOCKHe
BOJIHBI, pacCMOTPEHHBIE B IpebIAyIeM Naparpadge. BoIACHUM, YeMy paBHO
CBETOBOE JiaBieHue, IPOU3BOAUMOE HA 3€PKAILHYIO MOBEPXHOCTDL, H KAKOBLI
HaNpaBlelHe, YacTOTA U HHTEHCHBHOCTEL CBETA NOCIE OTPaKeHU .
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IlyeTh majalonuii cBeT XxapakTepUayeTed BelHunHaMu A, cos g, v (0T-
HeceHHBIMH K cucTeMe K ). [Ipu nabmioaeHun M3 cucTeMbl & AMA COOTBET-
CTBYIOLUIHX BelTHYHH HMEeeM

1—Lcosy cosp — = 1—Ecosy

A=A 4 , cosp’ = V, v =v 4

1— (o/V)? 1 Fcose J1- @V

Ecau MBI 0OTHEcCeM 3TOT nmponect K CUCTEME ’ﬂ, TO AJA OTPameHHOro
cBeTa IIoJYyIHUM

A=A, cosp’ = —cosy’, V=
Haxonen, npoussoaa obpaTHoe mpeopasoBanue & cucTeme K, momy-
uaeM /A OTPAKEHHOTO cReTa

2

1+ Z cos " 1-2Ecosp+ (3)
Vv |4 v

AIH:AH =A .

1= (V) 1- (%)

2
i
cosp = = — ,

1+£cosw”_ _9v (3)2
vV 1 2Vcosqo+ v

2
1+ 2 cose 1—2% cosp + (1)
m_ gV F v P T\

ey (1-2)

JHeprud, najammasa Ha eTUHUILY IOBEPXHOCTH 3epraja B e THHHITY Bpe-
MeHH (M3MepeHHAaA B TOKOANlelicA CHCTEMe), OYeBH/IHO, paBHAETCA

2
gl—fr(V cos @ — v).

JHepruf, yXoAANaa ¢ eJUHH LI TOBEPXHOCTH 3epKala B eJUHHIY Bpe-
MeHH, COCTABIAET

A 2
8

(=Vcos" +v).



89. IlpeoGpasosanue ypasunenuidi Maxrceeaaa —lepya ¢ yremom moroa 31

PazHocTh MeMy 3THMH ABYMA BbIpasKeHUAMH, COTIACHO NPUHIHITY
cOXpaHeHUA 3HePTUH, paBHA paboTe, TPOU3BeIeHHON CBETOBBIM JaBIeHHEM

B eduHUNy BpeMeHH. [lpupaBuusaa paboTy npousBegenuio Pv, roe P —
CBETOBOE JaBlIeHUE, TIOJNYYaeM:

P=2=
2
8 - ( v )
v
Otciona B nepBoM NpuGIHAEHHH NOJYYaeM B COTVIACHH C OIBITOM
1 ¢ APYTHMU TEOPHAMHU

_o A% o
P_28ﬁcos .

[IpuMeHEHHBIM 3[eCL METOJOM MOT'YT OBIThH PellleHbI BCe 3a1a4H ONTH-
KM JBHAYIIHXCA Ted. CymecTRo fAena 3akI0uaeTCA B TOM, YTO 3NeKTpPHYeC-
KOe U MarHUTHOe TIONA B CBETOBOH BOJHe, MOJBepraioneiica Bo3AeiicTBUIO
€O CTOPOHBI ABHMYIET0CA Tena, peodpasyioTeA K KoopAuHATHOH cucTeMe,
TIOKROATIEHCA OTHOCHMTENLHO 3TOT0 Tela. bnarojapsa sToMy kamjaana 3afaua
OINTHRU OBUAYIMIUXCA Tl CBOAWUTCA K 3aJa4YaM ONTHKH NOKOAINMXCH Tel.

§ 9. Illpeo6pazoBanue ypaBHeHuii MakcBeana—I'epra
C y4eTOM KOHBEKI[MOHHLIX TOKOB

M&I cxoauM U3 ypaBHeHHI:

1, , 0X\ _ON_ oM  10L_9Y _dZ
VI T ot [T oy T 8z Vot 9z oy’
1, oy _oL_ON  18M _9Z 90X
v 1T 8z Oz’ Vot 0z 9z’
1f, .02\ _OM _BL 10N _ 09X _9Y
v 1" ot dr B8y’ V.ot Oy Oz
e
aX L ay | 3z
P= "0z T oy T Bz

03HAYaeT YMHOMEHHYI0O Ha 47 NIOTHOCTh 3MeKTPHUeCKOro 3zapaja,
a (ug, Uy, U;) — BEKTOP CKOPOCTH IIEKTPHUYeCKOro 3apaja. Eciu npeacra-
BUTH ceﬁe, qyTO 3apAJIbI Heu3MeHHO CBA3aHbI ¢ 04YeHb MAILIMH TBep,[[bIMH
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TenaMu (WOHBI, 3MEKTPOHbI), TO 3TH YPABHEHHA ABIAIOTCA OCHOBONH 3lTek-
TpoauHaMuEH JlopeHna U ONTHRY ABHAYUIMXCA Tel.

Ecnu npeofpa3oBaTh 3TH ypaBHeHHsA, KOTOPLIE CIPABEIMBLI B CHCTE-
Me K, ¢ noMomuio ¢gopMya npeobpaszopanua u3z §83 u 6 k cucteme k, TO
NONYUYalOTCA CleAYIONiNe YpaBHeHHA:

1 .0 0X') _ON' _ oM’ aL' _ aY’' _ 9z’
v 1% T ar any 9’ ar ~ a¢  an’
L, v, v\ _ oL _ aN aM' _ 3z' _ X’
v1"T ar ¢~ ag’ or 9t aC’
L[ 92\ _ oM _ oL ON' _ 9X' _ oY’
v ar g~ an’ ar 8y 0’
rae
r— u
uésziu:,)ua Uy = ¥ . 5 Ue = uzuv )
— HUe 2
v ﬁ(l_vz) ﬁ(l_vz)
v _8X' Y  8Z _ 4 f, vis
=0 Tan tac =7 (1 vz)”'

Tarum o6pazoM, Kak 3TO U cleayeT U3 TEOPEMBI CI0eHNA cKropocTeil
(§5), BerTop (ug, Uy, u¢) €CTh He YTO HHOE, KAK CKOPOCTh BIEKTPHYECKHX
3apAf0B, H3MepeHHad B cucTeMe k. TeM caMbIM MOKa3zaHO, YTO ITEKTPO-
JWHAMHWYECKAad OCHOBA JOPEHIOBCKOH 3MeKTPOJUHAMMUKHN JBUMYIAXCA Tel
NOJUUHAETCH NPUHIUIY OTHOCUTENbHOCTH, €CIH UCXOAUTh U3 HAIIUX KH-
HEMATHUYECKUX TIPUHITUTIOB.

OTMeTHM ellle KpaTKO, UTO M3 NOKA3AHHLIX YpPaBHEHWH lerK0 MOMeT
ObITL BLIBEJEHA cle[ylollad BamHadA TeOopeMa: eclH JIEeKTPUYECKHU 3apf-
#KeHHOe Telo JBH:KeTCA B MPOCTPAHCTEE NPOM3BONLHO W €CIH €ro 3apaf,
HabmoJaeMblii U3 KOOpAMHATHOH cUCTeMBbl, ABUMKYIIENCA BMecTe ¢ 3THUM
TeloM, IPH 3TOM He U3MeHfIeTCA, TO 3TOT 3apPA] 0cTaeTcA HEH3MEHHBIM H
npu HAGNIOJeHUH U3 «IOKOATelcA» cucTeMbl K.

§ 10. JunaMmuka (c1a6o yCKOPEHHOr0) 3J1eKTPOHA

IlycTh B 3TeKTpOMarHUTHOM ToJIe ABH:eTCA ToUeuHas UyacTHUIA C 3JeK-
TPUYECKHM 3apAJ0M € (B fAainbHeiillleM Ha3blBAEMAA «3IEKTPOHOMS), O 3aKO-
HE JIBUMEHUA KOTOPOil MbI OyJeM NpeAnolaraTh TONLKO CIEYIOIIEE.
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Ecii 31eKTpPoH HAXOAWTCA B TOKOE B TeueHHe ONpeAeNeHHOT0 TPO-
MemyTKA BpeMeHH, TO B GIMMAHIIMIA 38 HUM 3JTeMeHT BpeMeHH [BHike-
HHe 3MeKTPOHA, TOCKOJILKY OHO ABJIAETCA MeNJeHHLIM, OyJeT ONUChIBATLCA
ypaBHeHHAMH:

d’z d’y d?z
—— =cX, p—s = €Y, == =g/,
di? di? di?
rie &, i, 2 — ROOPAUHATHI HMEKTPOHA, 8 1 — MAacca HIEeKTPOHA.

Jlanee, nycTh 30eKTPOH B TeUYeHHe ONPE/e€HHOT0 MPOMEexRyTKA Bpe-
MeHH 06aaeT ckopocThio v. HalieM 3aK0H, cOTIacHO KOTOPOMY 3JeKTPOH
ABHKETCA B HEMOCPEACTBEHHO ClieyIOIUi 38 3TUM NPOMEKY THOM 3JeMeHT
BPEMEHH.

He orpanuunBan oGIIHOCTH paccysisAeHUi, MBI MOHEM JIOMYCTUTL U J0-
NyCTUM HA CAaMOM Jielle, YTO B TOT MOMEHT, KOT/la Mbl HAUWHAeM HaGmio-
feHHe, Hall 30eKTPOH HAXOAUTCA B Hauale KOOPAMHAT W NBUMETCA BAOMDL
ocu X cucteMel K co ckopocThio v. B TakoM cinyuae sicHo, 4TO B yKaszaH-
HbI#i MOMeHT BpeMend (¢ = () 31eKTPOH HAXOAUTCA B NOKOE OTHOCHTENLHO
ROOPAHHATHOM CHCTEMEI k, IBHMAYIEicA napalleqbHo 0CH X ¢ MOCTOAHHOM
CKOPOCTLIO ©.

M3 coenaHHOro Bblllle NPEANONO:KEeHUA B COYETAHUU ¢ NPUHIUIIOM OT-
HOCHTENLHOCTH cleAyeT, YTO ypPaBHEHUA ABHMMEHUA 3NeKTpoHa, Habmiona-
€MOr0 M3 CHCTEMBI & B TeuelHe BpeMeHH, HeMocPeACTBEHHO CIeayIONero
3a t = (0 (Ipu MaIbIX 3HaYeHUAX %), UMeIOT BUA:

2 2
uﬂ=€X', 40 ey, 2 ez,
dr? dr?
rae o6osHaueHHble yepes £, 7, {, 7, X', Y', Z' BeMIUUHUHBI OTHOCATCA K CHC-
TeMe k. Eciu K TOMy #e TOTOMUTL, UTO IpU £ = & = y = z = () JOMKHBI
ooiTh 7 = £ = 1 = { = 0, To GyaAyT cupaBelIuBbl GOpMYyIbl Npeodpa-
30BaHMA U3 §83 u 6 u, cregoBaTenbHO, OYAYT BLINONHATBCA CIEAYIONIUE

ypaBHeHHA:
T=p (t - %m) ,

£ =Bz — i), X' =X,

¢ =z, Z’:ﬁ(Z+%M).
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C noMotmkio 3THX ypaBHeHH} TpeoOpaszyeM HaNHcaHHBbIE BbIllle Ypab-
HeHUA JABHKEHHA OT CUCTeMBI k K cucTeMe K U monyuum:

rdzm_gi

a2 H 33

Py g1 v

I — === - = A
dt? F‘ﬁ(Y VN)’ (A)
A’z g1 v

Lt === \Z+=M).

| Mﬁ( TV )

Onupasack Ha 06LIUHBIH IPUEM paccyAeHHil, onpeeauM Telephb «Ipo-
NONBHYIO» M «IONEePeYHyIO» Macchl ABHAYUErOcA 3IeKTPOHA. JaNulleM
ypaBHeHuA (A) B cienyiomemM BHJE:

ﬂgdm—sX eX'

dtz ’
Hﬁz dtz _Eﬁ (Y_ %N) :E;Y”
’62d—t2 _6,6 (Z+ %M) = €Z’.

IIpy 3TOM 3aMeTHM, IIpesae Beero, 4to X', eY', e Z’ ApnAwTCA KOM-
NOHEHTaMH NOHJEPOMOTOPHOM CH/LI, AeHCTBYIONIER HA IIERTPOH, IPUYEM
3TH KOMIIOHEHTL! paccMaTpPHUBalOTCA B KOOPAMHATHON cHUcTeMe, KOoTopad
B JJAHHbI MOMEHT JIBH:KeTCA BMECTe C 3MeRTPOHOM C TaKO# #e, KaK y aIek-
TpOHA, CKOpPOCTLIO. (JTa cHiIa Moraa Obl OLITH W3MepeHa, HAPUMeEp, TIPY-
MUHHBIMH BecaMH, TOKOANIMMHUCH B 3TOH cHcTeMe.) Eciu Temeph aTy cuny
0yaeM HazbIBaTh MPOCTO «CHIOMH, AelicTBYIONEl Ha 3NeKTPOH», U COXPAHUM
ypaBHeHHe (A YHCIeHHBIX 3HaYeHHH)

Macca x Ycropenne = Cuna,

1 ecld MBI Jallee YCTAHOBHM, UTO YCRKOPEHUA JOJHBI U3MEPATHCA B MOKO-
AnfeiicA cucTeMe K, To U3 YKa3aHHBIX BbIIlEe YPABHEHUH TIOTYUHUM:

T

( 1- (v/V)ﬂ)gj

N LR
1- (v/V)

IIpogonnnasa macca =

IlonepeuHaa Macca =
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Koneuno, Mbl 6yeM NOTYUYaTh APYTHE 3HAUEHHA JJA Macc IpU APYTOM
onpefieneHUH CHABI U YCKOPEHHA; 0TCIOfla BUAHO, UTO TPH CPABHEHUH pas-
TUYHLIX TEOPHIl JBHKEHHA BIEKTPOHA HY:;KHO OBIThH BECHLMA OCTOPOKHBEIM.
3aMeTHM, YTO 3TH Pe3YJIbLTATLI OTHOCUTEILHO MACCHI CIIPABE/IJHBLI TAKME
U ANA HEHTpaNbHBEIX MaTepHalbHBIX TOYEK, W60 Takaa MaTepuanbHafA TOUKA
MO;KeT OBIThL MYTEM IPUCOETHHEHHA CKOAb Y200HO ME.1020 SNERTPHUYECKOTO
3apAja MpeBpanieHa B 30eKTPoH (B HaNleM cMEICTIE).

OnpenenM KHHETHUECKYIO 3HEPTHIO 3NeKTpoHa. Kclu a3nekTPoH U3 Ha-
yana KOOpPJMHAT cHCTeMbl K ¢ HAauaabHOi ckopocThio 0 BMKETCA Bee Bpe-
MA BAOTL ocH X ToJA JAelicTRHEM 3NeKTPOCTATHYECKOH cHIbl X, TO ACcHO,
UTO B3ATAA Y BNEKTPOCTATHYECKOr0 Noif 3Heprud 6ynet paeua [ eX dr.
Tar KaK 3IEKTPOH YCKOPAETCA MENJIEHHO U BCIEACTBHE 3TOT0 HE JOJ:KEH
O0TOAaBAaTh 3HEPTHUIO B (IOPME HANYUEHHUA, TO IHEPTHA, BIATAA Y JIEKTPOCTA-
THYECKOTO IOJA, JOMAHA OBbITEL IONOMeHA paBHOU »HeprMM ABHs;keHua W
anexTpoHa. [IpuHiMan BO BHUMaHHe, YTO B TeUeHHe BCero paccMaTpHBae-
MOT0 TIponecca IBUKEHHA CTpaBe/IHBO IePBOe U3 ypaBHeHHi (A), momyua-
eM:

W=/€Xd$=[ﬁ3uvdv=uV2 1 —15.
> 1—(o/V)’

Ilpu v = V Benuuuna W cTanoBuTcA, TakuM o6GpazoM, GeckoHedyHOo GOnb-
moii. Rak B npessuux peaynnbTaTax, Tak W 3/leCh, CKOPOCTH, PERLIMNAOIHE
CKOpPOCTh CBeTA, CYIeCTBOBATh He MOTYT. JTO BhIpaskeHWe ANA KUHEeTU-
yecKkoit 3Hepruu A0MHHO OLIThH CIPABEMJUBHLIM U ANA TIOGLIX Macc B CUIY
TIPUBEJEHHOT0 BRIINE aPTYMEHTA.

[lepeunciuM Telleph Bce BBITEKAIOU[HEe H3 CHCTEMBI ypaBHeHHii (A)
CBOMCTBA [BHKEHUA 3IEKTPOHA, AONYCKAIONIHE ONBITHYIO NIPOBEPRY.

1. H3 BTOpOro ypaBHEHHA CHCTEMEL (A) clefyeT, YTO ANEKTPHYECKOE
none Y w MarHuTHOe nose N 0MHAKOBO CUIBHO OTK/JIOHAIOT 31€KTPOH, JBH-
Mmyuuitca co CKOPOCThIO v, B TOM ciydae, koraa ¥ = N % Otciona BuaHO,

4T0, COIJIacHoO HaIen TeOopHH, AJIdA 100OBbIX CHOpOCTeﬁ MO#{HO OIpeaelnuThb
CROPOCTBb 3J€eKTpOHA H3 OTHOIMEHHWA OTKJIOHeHHA MarHUTHBIM II0IeM Am
K OTKJIOHEHHUIO 3TeKTPUYECKRHM II0JIeM Ae, €ClIM IPUMEHHTL 3aK0H:

Am _ v

A, VT

JTO COOTHOWIEHHE NOJNAeTCA 3KCIepUMeHTAILHON NIPOBEPKE, TAK KAK
CKOpPOCTh 3IeKTpOHA MO#eT ObITh W3MepeHA TaKme W HENMOCPeNCTBEHHO,
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HanpumMep, NPpU TOMOIH GBICTPO epeMeHHbIX 3TeKTPUUYECKUX U MATHUTHEIX
oJIei.

2. U3 dopMynsl JIA KUHETHYECKOH BHEPTUU 3INEKTPOHA CIEyeT, UYTO
Memy NpoHmeHHOH pa3HOCTBLIO NMOTeHNHanoB P W A0CTUTHYTOH CKOpOC-
TEIO ¥ 3JIEKTPOHA JOMMHO CYIeCTBOBATEL cleAylolee COOTHONIEeHHE:

P=/X@=§W 1 —1
1—(v/V)?

3. BuiuMenuM paguyc KpUBH3HLI R opOGUTHI, KOr/Jja WMeeTcA Tepnetu-
KYIAPHOE CKOPOCTH 3MEKTPOHA MATHUTHOE Mofle HANpA#eHHocThio N (kar
eJMHCTBEHHAA 0TKIOHAIOMAA CHAa).

H3 BToporo ypaBHenns (A) nonyuaem

dy 2 gy 2
_EY_ v _EV AL
dtz R Hy ('U/V) ’
HIH
v
_ y2k 4 L
R=V =N
1—(v/V)

9TH TPU COOTHOIIEHUA ABIAIOTCA TOMHBLIM BHIPAMEHHEM 38KOHOB, 10O
KROTOPBIM, COrTACHO NIPeANoMeHHOH TeopHH, NOMKHBI ABUTAaThCA AIeKTPOHEL.

B 3anaiouenune oTMeuy, 4To MOl JpyT U roiiera M. Becco aBuiica Bep-
HLIM [IOMON[HUKOM NPH pa3paboTke W3TOMeHHBLIX 3[ech NpobieM U YTO A
o6f3aH eMy 3a pAJ LeHHBbIX YKa3aHHWIi.



