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Hpeducnosue

B anpene 1984 200a ucnoansercs 130 aer co OHA POXOERUR 8eAuNail-
W20 MATEMATUKE, MEXAHUKA U fusuKa-reoperuxa Anpu ITyauxape.

B nacrosweii paboTe mvt xoTeau 6ol 0TOATL OaHb HeobGuiuaiino pasKo-
CcTOpoKHeMy U 21yBOKOMY TaiaHTy 3TO20 GbIOEOW4e20CA YHeH020 U Pu-
AocoPa-ecTecTEOUCTbITATENR, Hble TPYOBL OCTABUAU Apuatiuuli cred 60
MHo2ux 0BAACTAX COBPEMENHOU Hayku. Mbvi Ke crasuau nepeo coboio
yeav paccxasars o ecex pabotax A.Ilyanxape XOTA 66 Oaxe TOALKO 8
gusuxe, nockoabky 310 Tpeboeaso Obl eechma 6obluoil u cepve3noil
paborol,

Mbl 02DAHUNUAUCH AUULL DACCMOTDEHUEM d8yx ez2o crareii nod o6
wum Hazeanuem O OuHamuke 1EKTPOHA”, OnyOAUKOSIHNbIX 6 1905—
1906 200ax, 6 camom Havare XX aexa, Ra pyGexe KOPeRHOU AOMKU pada
YCTAHOBUSIUUXCS NPURKUNOG TeopeTudeckoil PusuKu, KOTOpbie 3a6epuiaor
UM e npoEOI2NAUUEHNYIO 3d0auy npecOOAEHUs Ha3pesuieco Kpusuca
Kaaccuveckoil PU3UKU Ha OCKOBE NOAHO20 OTKA3A OT KoWYenyuli agcoator-
HO20 08UNEHUA, aOCONIOTHO20 NPOCTAHCTEA U BPEMERU.

Anpu ITyanxape (yxce 8 nepeoii pabote ot 5 utoxa 1905 200a), Ucx008
u3 ypaenenuii Maxcgenna-JIopenya, ycTaHo8us npURKUN OTHOCUTERBROCTU
048 INEKTPOMAZHUTHLIX ABACHUIL KK CTPO2YI0 MATEMATULECKYI0 UCTURY.
ON pacnpocTpanua Takxe nocTyAaT OTHOCUTENbHOCTU Ha 6CE CUAbL NPUPO-
Obl, 8 TOM wuCre 2PAGUTAYUOKNbIE, OTKPbIA 3AKOMBL PEAATUBUCTCKOM
MeXanuxu.

Oyndamentansuuiii exnad A.flyaukape & paspaboTKy Teopuu OTHO-
CUTEALHOCTU U DEARTUBUCTCKON MEXAHUKU MOXHO YeudeTs, UyNan ezo
cTarvu. IToli Xe yeau Cayxar KA KOMMERTApUU.

3ru dee paborei A.[Tyankape UCKAIONUTEAbHO COGPEMENKbI KAK no
codepxanwio, Tax u no gopme usnowenun. Iouctune, ORu A6AANTCR
HEMUYICUKAMYU TeOpeTUYecKoil usuKy.
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[image: image3.png]B 10 xe apeMs caedyer noOuepKRYTs, YTO U3YYEHUe 3Tux pabort, a
eMecre ¢ Tem u skaada A.Ilyanxape 8 cozdanue cneyuanvHol Teopuu
OTHOCUTEAbHOCTU TpeOYeT CaM020 CEPbe3R020, CAM020 OBCTOATEAbHO20
nodxoda.

3amerum, 8 wactwocru, uro B.Jlaysu awwb 6 3pesom eospacre no
docTouncrey oyenun 3nayenue pabor A.Ilyanxape "0 Ounamuxe InexTpo-
Ha'.

Ilopoii oaxe uzgectnvie usuxu (nanpumep,/Iyu de Epoiins), yrsep-
x0aioT, yro "Ilyanxape Tax u He cOenan pewaioujeeo wiaza’, a nOTOMy
OH U HE NOCTPOUR TEOPUI0 OTHOCUTEABHOCTU. ITU, MASKO 2080psA, Henpa-
GUAbHbIE U HAUGHbIE BBICKA3bIBANUA CEUOETENLCTEYIOT AUbO O TOM, NTO
Ux as8ToOpbl NOBEPXHOCTHO WuTanu pabory A.Ilyankape 'O Ounamuxe 3aex-
TPOHA™, @ NOTOMY U He NOHARU ee, AUBO O TOM, YTO OHU 800CIe He NOHU-
MAIOT TEOPUI0 OTHOCUTEABHOCTU,

PabGora IIyankape — 3T0 U3YMUTEALHOE NO 2AYOUHE U TOWHOCTU Gbl-
Daxerus geauxoe Teoperue eeauNaiuiezo ecrecrgoucnviraress. B neil
UMEETCA NOYTU 8Ce OCHOBHOE, YTO COCTABARET COOEPIKAHUE TeOpUU OTHO-
CUTEAbHOCTU. B 3ToM MoxeT yGeouTocs Kaxoolid, KTO UMEET 803MOX-
HOCTb 6RUMATEALRO UZYHUTS ITY PaboTy.

HHoz0a, 20860ps O TEOPYax TEOPuUU OTHOCUTEABHOCTU, NPOTUEONOCTAS-
asior ITyanxape-maremaruxa u Jinwreiina-usuxa. Tax, B.Ilayau yxce
8 3penoM 803pacTe nucaa, 8 YacTHOCTU, caedylouee: ~Cez00Ra Myl ¢ 00CTa-
TOUKBIM OCHOBAHUeM 2080puM "epynna Jlopenya’; OORAKO UCTOpUYECKU
caysusoch Tax, ro Jlopeny He cymen pacnoswars 2pynnoeoil Xxapaxrep
ceoux npeobpasosanuil. Hx epynnogsie ceoiicTéa Oblau yCTano8AEKbL
neszasucumo IlTyanxape u Jiinwreiinom. K coxanenuto, us-3a 37020 031u-
Kaer cnop o npuoputeTe. B OeiicTeutenvnocru xe 20pa3do UHTepeckee
npocaeduTs 3a pazauuuem 8 nodxpde K npobaeme maremaruia ITyanxape
u gusuxa Jinwreiina’. Jasee B.llayau ormeunaer: "B cosnadenuu pesyas-
14108, NOAYYERHbIX He3asuUcUuMo Opye oT Opy2a Jiikuirelinom u ITyanxape, s
YeMaTpuaaio 2ayGOKUL CMBICA 2GDMOHUL MATEMATUNECKO20 MeToda U
aHanu3a, ONuUPAIOUE20Ca KA 6CH0 COBOKYNHOCTb OGHHBIX PHU3UYeCKO20
onvita”.

Hacroswan paGora npedcraganer coGoii nogoe usdanue 08yx crareil
A.Ilyanxape O Ounamuxe 3aexIpona”, nybaukyemvix 0aa yooberea
yurareneil ¢ UCNOAbIOBARUEM COBDEMERHbIX OOOIHANERUN U CONPOSONOa-
EMbIX KPATKUMU KOMMEHTADUAMU, 8 COCTABAENUU KOTODbIX NPUNAR Yyd-
crue npogeccop B.A. Mareees. KoMmenTapuu 6b10€4€HbE U OTMEYERbL IHAKOM®

Axademux
A.A.JToeynoas

Jlas Tex yurareneil, KTO DEUUT OIRAKOMUTOCA C Opuunanamu crarei Iyanxa-
Dpe, npusedem 0 yOo6cTea CPasHENUE NPUKITHIX 68 KUX U COSPEMERMBIX OCOINAUENLIE,
UCNONBIYEMBIX 8 HACTORNUEl peOaKyuy cTareii:

(8 M= I} — Ma2HUTHOE NOAE
0, 8 b)y= 173 — MEKTPUYECKAR UROYKYUR;
F, G o= j — 8eXTOp-NOTERYUAn;
¥ =y — CKaARpRi noTenyuan;
&EndH= ': — CKOPOCTd IMEKTPONG;
17= m; — NAOTHOCT® TOXG 3aPRO0E;

p — RAOTHOCTY 3apada;

+
P
Wwow)y=g=j+ % — NOAHAR NAOTNOCTL TOKA, BKAKNAR TOK 3apados
U TOK CMEUeHUs.

CxopocTy caera npunaTa 3a €Ounuyy, 1. €. ¢ = 1,
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qui seraient de nature & mettre en évidence le mouvement absolu de la
Terre. Mais, si I'on regarde 'impossibilité d'une pareille constatation
corame hautement probable, il est permis de prévoir que ces expériences,
si on parvient jamais a les réaliser, donneront encore un résultat négatif,
Lorentz a cherché & compléter et & modifier son hypothése de fagon a la
mettre en concordance uvec le postulat de I'impossibilite ~ompléte de ta
détermination du mouvement absolu. C'est ce qu’il a réussi a faire dans son
article inlitulé Electromagnetic phenomena in a system moving with any
velocity smaller than that of light (Proceedings de 'Académie d’Amsterdam,
27 mai 190§).

L'importance de la question m'a déterminé a la reprendre; les résultats
que j'ai oblenus sont d’accord sur tous les points importants avec ceux de
Lorentz; j‘ai ét¢ seulement conduit & les modifier et a les compléter dans
quelques points de détail.

Le point essenliel, établi par Lorentz, c’est que les équations du champ
électromagnétique ne sont pas altérées par une certaine transformation
(que jappellerai du nom de Lorents) et qui est de la forme suivante

) F=H(x+u) y=ly. =1, r=kl(t +¢2),

&, ¥, 5 sont les coordonnées et ¢ le temps avant la transformation, v/, ¥,
3 et £ aprés la transformation. D'ailleurs s est une constante qui définit la
transformation

k=

g

et ! est une fonction quelconque de s. On voit que daas cette transforma-
tion I'axe des x joue un role purticulier, mais on peut évidemment con-
struire une transformation oii ce rdle serait joué par une droite quelconque
passant par lorigine. L'ensemble de toutes ces transformations, joint &
I'ensemble de toutes les rotations de Vespace, doit former un groupe;
mais, pour qu'il en soit aiasi, il faul que I=1; on est donc conduit a sup-
poser [ =1 et c'est |k une conséquence que Loreniz avait obtenue par une
autre voie.

Soient p la densité électrique del'éloctron, £, m, Us vitesse avant la trans-
formation ; oa aura pour les mémes quaatités ', I, ', {’ apris la transfor-
mation

oy 2%

,__k " T gt
(3) F=Fe(1+6)  pE=FeE+0) gw=B U=3
€ K., 1ged, 1= Semestre. (T. CXL, N $2.) 193

A. Iyanrape

1
O nunamuxke saexrpoma

Ha nepauiit B3r1a Kaxercd, To abeppalms CBeTa H CBA3aHHbIE C Heil
ONTHYECKHE H 3NIEKTPHYECKHE ABJICHHA RAIOT HaM CPEACTBO [ Ompefe-
NeHUs 20COTIOTHOrO MBIDKEHHA 3eMIM WM, BEpHEe, ee OBIDKCHHS HE 10
OTHOLIEHUI0 K APYTHM HeGeCHBIM TelaM, a MO OTHOWIEHMIo K 3¢dupy. Ha
caMOM [ieNe 370 He TaK. ONbIThl, IA€ NPHHUMAIOTCA B PACYET TONBKO WIEHBI
NEpBOrO NOPANKA OTHOCHTENIBHO BEJMUMHBI abeppaiyu, OaMM CHavana
OTPHLATENBHBIA PE3yNIBTAT, YeMy BCKOpe GbUIO HalfieHO OOBsSCHEHHE; HO M
MaiikenbCcoH, MPHAYMABIIMI ONBIT, B KOTOPOM CTAHOBHIIUCH YXKE 3aMeT-
HbIMY WICHBI, 3aBHCALIME OT KBajpaTa abeppaliy, B CBOI0 Ouepefib, MOTep-
nen Heynauy. HeBoamoxmocTs 0GHApYKUTH aBCOMOTHOE BIDKEHMe 3eMiIK
TIpencTIaBnAet, No-BUAMMOMY, OOLHMIT 32KOH IIPHPOABL.

*OneiT pan MHoXecTao haKToB, KOTOpLIE AONYCKAT CneayloLiee
06oblieHme: HEBO3MOXHO OBHapYXUTh aBCONIOTHOE ABWMEHWE Ma-
TepUM, WAKW, TOuHee, OTHOCWTENBLHOE ABWKEHWE BECOMOI MaTepun
n ampa. Bee, HTO MOXHO CAGNaATh, — 3TO BLIABUTL ABWIKEHWUE BECO-
MO MaTepun OTHOCHTENLHO BECOMO maTephn’’.?

™1 cnoBa, HanmcauHule lyaHkape AECRTLIO rOAaMM paee,
BeCbMa ACHO NOKa3bLIBAKOT, 4TO MAEA O CywlecTBOBaHMW obuiero
3aKoHa HexabnioaaemocTv aGCoNIOTHOro ABMKEHUA MATEPMM 3pena y
Hero AaBHO.

! OnyGrukoBato 5 moma 1905 r. 8 Jowanax Opaunysckofi aKaleMHE HayK.
Comptes Rendus, 1905, v. 140, 1504—1508,

¢ Adlyankape. K Teopun Jlapmopa. — BhiepxKka u3 crateit: L'Eclairage Electri-
que, t. 5, p. 5 (5 octobre 1895). Cm. Tatoke: IIpHHUBT OTHOCHTeNLHOCTH, — C6. paboT
10 COEHATTRHOR TEOPHE OTHOCHTEeNMBHOCTH, M.: AToMmagar, 1973, ¢. 7.
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[image: image5.png]PassvBan CBOIO MbICMb O "'NONMOI HEBO3MOXHOCTH ONp3ae-
neHuA abCONIOTHOTO ABWXKEHWA'® B CBA3W C HOBOWM TUNOTE30H
JlopeHiia, B COOTBETCTBUM C KOTOPOIA BCE TeNa AOMKHHI UCNBITLIBATL
B8 HANPaBREHUW ABWKEHUA 3eMNK yMeHbLieHUe WX ANWHbI Ha
%+ 107, Alyankape nucan:

"Takoe CTPaHHOe CBOWCTBO KaXKeTCA HacToAumMMm coup de
pouce® camoii Npupoas!, 4To6bi MaGexaTs oGHapYxeHuna aGcomot-
HOMO ABWXEHWA 3eMnn C MOMOLULIO ONTHYECKUX ABNEHWA. JTO He
MOXET MEHR YAOBNETBOPWTL, M A AOMKEH BbICKA3aTh 34eChb CBOE
OTHOUIEHWE: A CYNTAI0 OYBHb BEPOATHLIM TOT (DaKT, YTO onTUYecKue
ABNEHMA 33BUCAT TOMBKO OT OTHOCUTENLHOrO ABWXEHUA MPUCYT-
CTBYIOLIMX MATEPNANbHBIX TeN, MCTONHMKOB CBETA WAW ONTUYECKUX
nNpuBOPOB WU HE C TOYHOCTSIO 00 GeNUYUH nOpAdKa Keadpara unu
Kyba abeppayuu, a ctporo. Mo mepe TOro, KaK U3MepeHus CTaHyT
TOuHee, ITOT NPUHLMN 6yaeT BoiBepeH C etle GONbUIEH TOYHOCTLIO.

HyxHo nu 6yaer HoBoe coup de pouce, HOBaR runotesa ANA
Kaxaoro npubnuxednA? O4esnaHO HeT: Xxopowo chopMynanpo-
B3HHAA TEOPUA AOMKHA NO3BONATL AOKA3bIBaTh NPUHUMN Cpasy cO
scei cTporocTeio. Teopua JlopeHua noka atoro He no3eonAeT. Ho w3z
BCeX NPeANOXeHHbIX TEOPUA WUMEHHO OHa Onvxe BCero K Tomy,
4To6b1 370 ocywecTBuTL.*

B 1904 roay 8 aoknage Ha KoHrpecce MCKYCCTBa M Hayku 8
CenT-Nynce MNyankape Cpeau OCHOBHbIX NPUHUMNOS TEOPETUYECKON
GuM3nKN GOPMYNMPYET NPUHLUMN OTHOCHTENBHOCTH, COTNacHO KOTO-
POMY, N0 ero CNoBaM, "'3aKOoHbI (MM3UYECKNX ABNEHUA AONNHEI GbITs
OBMHAKOBLIMH ANA HENOABMXHOre Habmogatens w anA HaGniopa-
TenA, COBEPLUAIOWIEr0 PaBHOMEPHOE NOCTYNaTelbHoe ABMKEHME, TaK
4TO Mbl HE HMEeM W He MOXEM MMeTb HWKaKoro cnocoba onpeae-
NATH, HAXOAUMCH NV MbI B NOZOBHOM ABMXEHUM Wik Het.”’

O6bacHenHe ObUIO NpemiokeHo JIOpeHNOM, KOTOpbll BBEN THIOTE3y
O COKpAUICHHM BCeX TeJl B HANMpPABMEeHMH [BIDKEHHA 3eMiHM; 3TO COKpa-
HieHHe gano 6ui 0GbACHEHHE OMBITY MafKenbcoHa H BCEM [PYTHM, NPOU3-

3 Yxuupenue (Bpany.)

* Ha xypca nexumit 1o TEOPHH INMEKTPOMAHHAMHKH, NPOUHTAHHOIO B CopGoHHe
B 1899 r. ¥ wanannoro B 1901 r. (Electricite et Optique, Paris, G.Carre et c. Naud,
1901, p. 535—536) Meperon ¢ ¢panu. U.C.3apyGunon.

* A.llyauxape. Hacrosuee # Gynyuiee MaTeMaTiiecKoll hHanky. OnyGnukoBaHo
B xypHanax: Bulletin des Sciences Mathematiques, December 1904, v. 28, ser. 2, p. 302;
The Monist, January 7905, v. XY, N 1 (uepeson c ¢ppanu. T.JL.Bnoxmuuesok) .
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Be[IEHHBIM [I0 CHX IOp B 9TOM HAIpaBiIeHHH onbiTaM. OHAKO OHO OCTaBNSA-
10 OB MECTO 1% PYTHX ONBITOB, eme Gonee TOHKHMX K Goftee NPOCTBIX
710 3aMBICITY, €M MO MCNONHEHHI0, UENbIo KOTOpbIX GUT0 6b1 0BHapyseHHe
abcomoTHOro NBwkenus 3emn. Ho, paccMaTpHBan HEBO3MOXHOCTS OO
HOTO YTBEPXK/EHHA KaK OYeHb BEPOATHYIO, MOXHO Ipe/IBHIETb, YTO 3TH
OMBITHI, ECTTH HX KOTHA-JIMGO M yHAcTCA OCYILECTBHTb, CHOBa afyT OTDH-
OAaTeNbHBIH  pe3ysibTar. JIOpEHN Crapajcs MOMOMHMTE M BUIOH3MEHHTH
THIIOTE3y TAK, YTOGHI YCTAHOBHTL COOTBETCTBHE MeXIY HEIO H IIOCTYIIaTOM
ROAHOU HEBO3MOXHOCTH ONpefesnieHns abconTHOro nBikeHus. Emy yma-
TIOCh 3TO CRENaTh B CBOCH CTaThe I/IeKTPOMATHHTHBIC ABJIEHHA B CHCTEME,
ABIKYWEHCA ¢ MoBoi CKOPOCTbIO, MeHbILEH CKOPOCTH CBeTa” (H3Bectua
AMcTepaaMcKol Akajiemun, 27 Mas 1904 r.)

BaxHOCTb 3TOro Bonpoca noSy/yiTa MeHs CHOBA 3aHATHCA MM, peayns-
TaThl, MOy YCHHbIE MHO0, COTTIACYIOTCA BO BCEX HaMBOMee BaXHBIX MYHKTAX
€ TeMM, KOTOpbi¢ NOMywul JlopeHI; A CIpeMHJICA TONMBKO HECKONBKO
BHIOM3MEHHTH H IOTIOJHUTb HX.

Upes JlopeHua COCTOHT B TOM, 4TO ypaBHeHHMA 3/IeKTPOMATHHTHOTO
HOJIA HE U3MEHATCA B PE3ysibTaTe HEKOTOPOro NpeoGpasoBanus (KoTopoe
A Ha30BY umMeHeM JlopeHia) cresiyrourero BUaa:

X =l B), Y =ly, 2 =l £ =it - ), 6]

The X, y, Z — KOOPAMHATEI M ¢ — BpeMs 10 Npeobpasosamua, a x', y', 2’
H ¢ —Toce npeoGpasosanma. Benmmunna f — KoHcTaHTa, xoTOpas ofpezne-
nAeT npeoGpasoBaHKe

S Ea

al — Hexoropan dynxmms or §.

* Kax €pazy BMAHO U3 dopMyn (1), NONOXEHMIO Hawana HOBbIX
xoopauuar (x' =y =z' =0) oteeuaer ycrosme x = fr. Apyrumm
CNoBamu, Ha4Yano HOBLIX KOOPAMHAT MEPEMEILaETCR B CUCTeMe
OTCHeTa X, ¥, Z CO CKOPOCTHIO § BAOAL OCK X.

Taxkum obGpasom, npeo6paszosaiun flopeHua CBA3IbIBAIOT nepe-
MeHHbIe (X, Y, Z, 1), OTHOCRILMECA K OQHOW W3 CHCTeM KOOPAUHaT,
¢ nNepemennoiMi (x', 3, z', '), oTHOCAWMMM K Bpyroi cucTeme,
ABWXYUEACA DaBHOMEPHO ¥ NPAMONUHEIIHO CO cKopocTeio § Baons
OCH X NO OTHOWEHUIO K NEPBON.
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[image: image6.png][l0Ka3aTenbCTEO YTBEPKABHUA, 4TO YPaBHEHWA 3neKTpomar-
HWTHOrO MNONA HEe W3MEHAIOTCA Npu npeobGpasosannAx JlopeHua,
O3HAYaET, YTO 3INEKTPOMArHUTHLIE ABCHWA ONMCLIBAIOTCA B 06euXx
CHCTEMAaX OAWHAKOBBLIMW YPEBHEHWAMM, U, CNEROBATENbHO, HUKAKK-
MW INBKTPOMArHUTHLIMM NPOUECCAMU HENL3R OTAUYUTL CUCTEMY
otcueta (%, y, z, 1) ot cucremsl otcueta (x', ¥, Z', t'), pasHomepHo
# NPAMOSIMHEHHO ABWKYLIEHCA MO OTHOLWEHUIO K NEePBOM.

Mbl BMAWM, YTO U3 MHBAPUAHTHOCTW YPaBHEHWIA INEKTPOMArHnT-
HOrO NONA OTHOCUTENBLHO NpeobpasoBaHui rpynnsl Jlopexua cneayer
BbINIONIHAMOCTL NPUHLMNG OTHOCHTENBLHOCTH ANVA INEKTPOMArHUTHLIX
ABnexuii. MHave roBopr, w3 ypagHexuin Makcsenna-floperua npvx-
UMN OTHOCMTENLHOCTU ANA 3NEKTPOMAFHUTHBLIX RBNEHWA cneayer
KaK CTPOraA MaTemaTu4eckKan MCTUHA.

B 310M npeoGpazoBaHHH OCh X HrpaeT 0CoBylo posib, HO, OYEBHIHO,
MOXHO TOCTPOHTb TaKoe MpeoGpa3oBaHMe, B KOTOPOM 3Ty ponb Gyner
BBINOJIHAT HEKOTOpAA HpAiMasd, TPOXONsAIIafd uepe3 Hauyano KOOPAHHAT.
Bee 3TH mpeofpa3soBaHHA BMECTE CO BCEMH MPOCTPAHCTBEHHBIMH Bpaillc-
HMAMM [O/KHB! OOpa30BBIBATH TPYINy; HO UIA 3TOTO HYXHO, 4ToGbI
I=1, cnepopareNbHo, MBI NPHIUIM K HEOOXOAMMOCTH MpPeINoNIOXHTh,
410 /=1, 3T0 4 ABIAETCA ClEACTBHEM, KOTOpoe JIopeHIl oMy M ApyruM
nyTeM.

* Heo6X0AMMO NOAYEPKHYTH, YTO, YCTAHOBMB rpYNNOBOH XapaKTep
COBOKYNHOCTM BCEX YWCTO MPOCTPAHCTBEHHbIX NpeobpasoBaHui
BmecTe ¢ npeobpasoBaHuAMK TlopeHua, OCTABNRAIOIIMMU MHBAPHAHT-
HBIMU YPaBHEHUA 3NeKTPOAUHAMNKY, MyaHKape TeM CaMbIM OTKPbIN
cylwecTeoBaHve B M3NKe NPUHUNNNANBHO HOBOTO TUMNa CUMMETPUM,
CBA3aHHOW C fPYNNOA NUHERHbIX NPOCTPaHCTBEHHO-BPEMEHHbIX
npeo6pa3zoBaHui, KOTOPYIO OH Ha3Ban rpynnoi NMoperua.

JononHenHan fipeobpa3oBaHNAMKM TPAHCAALMA NPOCTPaHCTBEH-
HbIX KOOPAWMAT N BpemeHw, rpynna floperua obpasyeT MaKcumans-
HYI0 FPYNNY MPOCTPaHCTBEHHO-BPEMEHHbIX NPEOOPa3oBaHuin, ocTas-
NAOWNX WHBAPHEHTHBIMK BCE YPABHEHWA ABIKEHWA 4acTWL n Bu3u-
4ECKVX NONEA N HOCUT RaHHOe el BnocneacTBun E.BurHepom Hassa-
Hue rpynne! MNyankape.

IlycTs p — MIOTHOCTH 3apAfa NEKTPOHA, Uy, Vy M v; — COCTABIIAIOLIE

CKOPOCTH /IEKTPOHa 0 NpeoGpajoBaHHs; TOrAA WIS TeX ke BEIMUMH p ',
v, vy, v; NOCITe NPEOGPaIOBAHKA MBI HMEEM

p'=3p(1 —Pux), p'vg = W2 p(vx —B), 0y =12 pvy, p'vy =173 pu;. (2)
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31H GOPMYJIbI HECKOMbKO OTIHYAIOTCA OT TeX, KOTOpble GbUIM Hampe-
b1 JIopeHuoM. PN

Tycts teneps f u f — TpH KOMIOHEHTbE CHIIbE JIO H MOCe mpeoGpaso-
BaHHA (CU1a OTHeceHa K eQuHuye obsema) ; Toraa

F=AS (e —BF o), fo=1"5fy, =151, 3

3tH GOPMYNBI TaKke HECKONBKO, OTAHYAITCA OT MpejIOKeHHBIX
JlopeHLOM; NONMONIHHTENbHBIA WIEH B f*v HANOMHHACT PE3yJIbTAT, NOJIYYeH-
Hblil B CBO€ BpeMs JIbeHapoM. N

Ecnu tenepsb o6o3Haumm yepes F n F' cocrapnstiontse CHIIBI, OTHECEHHOT
He K eMHHIE 00BeMa, a K e[HHHIE MacChl 3lIEKTPOHA, TO NOJyYHM

Fe=yi™ o (Fx ~BF ), Fy= B 1Ry Fi=fr oo F,. ()

'd’opmynbl {2}, (3), (4) sakmiovaoT B ceGe ycTaHoBneHHble BRep-
Bbie MyaHKape PeNATUBUCTCKWE 3aKOHB! NPeobpa3oBaHmWA NNOTHOCTM
33pAAA W CKOPOCTU ABWKEHMA 3NEKTPOHA, 8 TAKKE KOMMOWEHT
CWN, AEHCTBYIOWMX HA 3NEKTPOH, OTHECEHHLIX KaK K eauHuue
33pAaa, TaKk U eanHUue 06bemMa. 3a8MeTUM, YTO NMEHHO Cuna, OTHe-
CeHHAR K eanHwue obbema, BBeaeHWan [lyaHkape, cooTBevCTBYeT
TPem NPOCTPAHCTBEHHLIM KOMMOHEHTAM 4ETbIPEXMEpPHOro BeKTopa
CWNbl, NOABNAIOWErOCA B NPaBOW HACTW PENATUBUCTCKHM MHBapH-
HTHbIX YPaBHEHWH ABUXEHWA NEKTPOMa.

Taxum o6pasom, MyaHkape caenan B 3toi paboTe Wwar snepea
no cpasHexdunio ¢ JlopeHuem 8 HanpasneHun HOPMYNMPOBKHK Mnocne-
AOBATENLHOW PENATUBUCTCKON AUHEMNKY 3NEKTPOHa.

3acnyxkueaer BHMMaHWA TO OBCTOATENLCTBO, YTO, Pa3BvBaA
8 CBOWX CTaThAX O AMHAMMKE INEKTPOHA COBEPIEHHG MOBbIE WABH,
vcnpaenAR u aoflontAR JNopedua, MyaHkape MaxcuManbHbIM o6pa-
30M 0TAaeT aaHb Jloperuy Kak NepsooTKpbiRaTento, NPeAOCTaBNAR
APYrMM CYAMTL O Bro NM4YHOM BKNajge B passuTHe WAei Teopumn
OTHOCUTENLHOCTU.

Ceunaerenscrea camoro SlopeHua MCKNKYNTENBLHO BaXHbI B 3TOM
OTHOWeHNN, TaK KaK MO3BONAKOT BOCNONHWTL TOT Npoben, KOTOPLIN
NOpOR AONYCKAETCA HEKOTOPLIMK aBTOPaMK, NMLWYLMMK 06 ucTo-
PUK CO3AAHMA CNEUMANBHOW TEOPWW™ OTHOCHTENLHOCTH, W OTAaTh
AomxHoe [lyaHkape KaK OAHOMY W3 TBOPUOB PEAATUBUCTCKON
MEXaHNKY W CNeunanbHOi TeOPUH OTHOCKTENIBHOCTH.
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[image: image7.png]Tak ,06cy>Xaan nonyyexHsie Bnepssie MyaHkape penATUBUCT-
ckue opmMynel NpeoGpa3osaHNA CKOPOCTEW, NNOTHOCTEA 3apAAa
# ToKa aneKTpoHa, flopeHy nucan® : "Gopmynet {4) u (7) He coaep-
WATCA B Moei cratbe 1904 1., NnockoNbKY A HE NOAYMan O NPAMOM
nyTu, BeAyulemM K. HUM, UGO NoNaran, sTo MeXAY CUCTEMaMM I, y,
7 tux', ¥y, ', t' umeerca cywecTsennan pasHuua. B oaHo# Mcnone:
30BaHbl — TaKOB GbiN X0 MOMX PacCY>KAEHWH — OCU KOOPANHAT,
WMeEIoilive onpedencHHOe NonoXeHwe 8 3dmpe, ¥ TO, YTO MOXHO
6biN0 Ha3BaTe ‘‘UCTUHHOE BPEMA; B APYroi cucreme, HaoboporT,
Mbi UMEEM AeNO NPOCTO CO BCTIOMOTaTeNbHbIMK BENUYMHAMK, BBEASH-
HbIMM MWL C NOMOLUBIO MaTeMaTM4ecKOro yxuuipeHua. B vact-
HOCTH, NepeMeHHyI0 t' Henban 6LiNo bl HasBaTs ‘BpeMeHem’’ B TOM
e CMbICRe, KaK NepeMeHHyIo t.

Mpu TaKom xoae WAeH A He AyMan OMNCbIBaTL ABNEHWA B CACTe-
me x', y', 2, t' ToUHO Tarum e o6pazom, Kak B cucTeme x, ¥, 7, t...”
W nanee TaMm xe: “'...A He CMOT AOCTUFHYTb MONHOH MHBAPHAHTHOCTH
ypaBHeHni; MoM GOPMYNbl OCTaBaNUCh 3arPOMOXKAEHHBLIMU fMLU-
HAMA YNeHamMK, KOTOPbie AOMKHLI Gbinn Bbl HCHE3HYTL, ITU YneHb!
BeinU CAMWIKOM Mankl, 4ToBbi OKa3aTk 3aMeTHOE BNUAHWE Ha ABne-
HWAR, U 3TUM A MOr OGBLACHUTL O6HapykeHHYt0 HabnaeHUAMK
HE3aBUCUMOCTb MX OF ABWKEHUA 3eMAW, HO A He YCTAHOBWA NPWH-
UMNa OTHOCUTENBHOCTW KaK CTPOTYI0 ¥ YHWUBEPCANbHYI WCTUHY.

Hanpotue, MMyaHkape nonyuun NoAHYI0 MHBapUaHTHOCTb YpaB-
HEHUA 3NEKTPOAUHAMUKM W Cthopmynvposan '‘NOCTynaT OTHOCK-
TENbHOCTH' — TepMUH, BREpBble BBeaeHHbIW uM. B camom aene,
WCXOAA U3 TOYKYM 3PEHWA, KOTOPYIO A YNYCTWA, OH Bbisen opMmynbi
(4) wn (7). No6aBuM, 4TO WUCMpPaBNAA, TakuM 06PasoM, HeAOCTaTKK
MOeil paboTsl, OH HUKOTAA B HUX MEHA He YNPeKHYn''.

JIopeHu, NpulleN TAKKe K HeOGXOAMMOCTH NPEQIONIOKHTb, UTO ABHXY-
WMICA TEKTPOH NPHHEMAET GOpMy CKATOro JVIMICOUNA; ITY XKe THTOTe3y
BHLABMHY JlaHXKeBeH, HO B TO BpeMst KaK ¥ JIOpeHIA NOCTOAHHBLIMH OCTa-
0TCA /IBe OCH DJUTHICOMMA, 9TO HAXOMMTCA B COINIACHH C €TI0 MPEIIONOXNE-
nueM [ = 1, y JlanxeBena, Ha060poT, 0GbEM IUIKIICOHNA OCTACTCH MOCTOAH-
M. OBa aBTOpa NOKA3allH, YTO 3TH fiBe THIIOTe3bl TAK XK€ XOPOLLO Corfia-

¢ VYxe uurHpyemas paHee paGora Jlopeuua “IBe crath¥ Anpu Ilyankape o Ma-
TemaTHyecKol usuke”; cM. [IpHHUHI oTHOCHTENMEHOCTH. — C6. paGoT IO ClelHANBHOR
TEOPHH OTHOCHTENNBHOCTH, M.: ATommapar, 1973, ¢. 189-1967.

Qopmynnl (4) B (7), 0 KOTOpEIX mameT JIOpeH, eCTh COOTBETCTREHHO HOPMYIIH
npeoGpaloBaHMs CKOPOCTER INEKTPOHA U IUIOTHOCTH 3apsijia.
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cytorca ¢ onnrami Kaygmana, Kak # nepBoHavanbHan IHnoresa AGparama
(wapoBoit anexTpon). [Ipeumymectno runotesst Jlatkesena coCTOMT B ee
[OCTAaTOYHOCTH, T. €. AOCTATOMHO PAaCcCMATPHBATH EKTPOH Kak AedopmH-
pyeMbii H HeCKHMaeMblil i o6bACHEHHA TOTO, 410, HAXOMACH B IBHOKE-
HAH, OH IpHHUMaeT GpopMy wtunconaa. Ho s Mory nokasats, He IPOTHBO-
peua JIopeHIy, YTO OHa He MOXeT GBITh COBMECTHMA C HEBO3MOXHOCTHIO
onbiTa, oGHapyxuBaomero aGcomorTHoe fABIKeHue, Kak # yxke ckasal, 310
JIPOHCXOMMT OT TOTO, uTo /=1 ABNAETCA EQHUHCTBEHHOH FUNOTE3OH, AA
KOTOPOi MpeoGpasopanus Jlopenua 06pasyioT rpymiy.

Ho u B runote3e JIopeHUA COTMIACHe MEXY GOpMyTamMu He MPOUCKOTHT
caMo 1o ceBe; ero MoMyvYaloT OFHOBPEMEHHO ¢ BO3MOXHBIM 0ObACHEHHEM
CKATHA MEKTPOHA B NPEIONIONEHHH, YT0 degfopMupyembiil U ChUMAeMbli
31€EKTPOH NOOBEPIEN NOCTOAKHOMY GHEWHEMY OaGAEHUI0, PA0OTa KOTOPO-
20 RPONOPYUOHANLHE USMERERUI0 00bEeMA BTOZ0 3AEKTPOKA.

TpyMmeHsA IPHHUMI HAUMEHBILIETO ACHCTBHS, A MOTY NOKa3aTh, 4TO [P
3TMX YCTOBHAX KOMMEHCALMA ABJIACTCA IONHOH, €CIH MPeUIONOKHTD, UTO
HHEpUHMA MMeeT HCKITIOUHTENBHO 3IEKTPOMArHUTHOE NPOMCXOXMIEHUE, KaK
310 O6LIENPH3NAHO NOCNe onbTos Kaydmana, u, 32 MCKITI0YEHHEM NOCTOAH-
HOFO [IABJIEHHS, O KOTOPOM Al TOJIBKO YTO FOBOPIUI ¥ KOTOPOE ICHCTBYET Ha
aMeKTPOH, BCE CHNBI GYAYT 3/EKTPOMArHHTHOIO NpoucxoxeHHA. Takum
06pazoM MOXHO OGBACHMTD HEBO3MOXHOCTb ODHapyeHHA aGCOITHOTO
OBWKEHHA 3eMIHM M COKpAUleHHS BCeX TENl B HANpAaBIeHWM [BHXCHHA
3emnu.

Ho 310 He Bce. Jlopenn B mUTHPOBaHHOH paGoTe CHMTAN HEOBXOHMEIM
[OTIOHUTB CBOK THNOTE3y HOMYLICHHEM, YTO BCE CHIBI, KAKOro Gbl HpOYC-
XOXKJICHHS OHX HM ObUTH, BenyT ceGaA NPH NOCTYAaTEIbHOM [ABHKEHHH TOUHO
TAK XK€, KaK 3JIeKTPOMATHHTHBIE CHIIBL, M YTO BCNEICTBHE 3TOTO BIIHAHME
npeobpa3zoBannA JIopeHIa Ha MX COCTABJIAIOLME ONPENENAeTCs ypaBHEHH-
amu (4).

* 3pect MyaHiape, pasBuBan BbickasanHoe [lopeHuem aponyuieHne,
PacAPOCTPaHAET NPUHLUN OTHOCHTENBLHOCTH HA BCE CUIbl, HE3aBWCH-
MO OT ¥X NPOUCXOKAEHWA, B HACTHOCTY, HA CUNbI TAFOTEHUA.

OH BnepBble YKa3blBaeT, YTO NOCTYNAT OTHOCHUTENLHOCTY Tpeby-
€T TaKkoW MOANMDUKAUMM 3aKOHOB TATOTEHMA, NPU KOTOPOi pacnpo-
CTpaHeHWe CUN TATOTEHUA NPOUCXOAUT He MIHOBEHMO, @ CO CKOpO-
CTLIO CBEYa, ¥ ONPefenAeTCA 3anasabiBalolMM 06MEHOM rpasuTa-
UMOHHbIX BOMH.

Oxazanoch Heo6XoOWMbIM 0OoJiee BHHMATEIBHO paccMOTPETh 3Ty
THIOTE3y M, B YaCTHOCTH, HCCNEAOBAaTDH, KaKHe HIMECHEHHA OHAa BBIHYXIACT
HAC BHOCHTb B 3aKOHBI TAIOTEHHMA. ITO TO, UTO # CTAapancs OHPENENHTh;

2 A.A. Nlorynos 17



[image: image8.png]CHAYana A npuiea K HeoOXOIHMOCTH IPEANIONOXKUTD, YTO PACIIPOCTPAaHEHHE
CHJI TATOTEHHA IPOHCXOIHT HE MIHOBEHHO, a CO CKOpOCTHIO CBeTa. JTO,
KaXeTCsA, HaXOJHUTCA B NIPOTHBOPEUHH C PE3yTIbTAaTOM, NonyyeHHbM Jlama-
COM, KOTOPbIit YTBepXKAaeT, UTo eciIH 3TO PacHpoCTpaHeHHe M He ABJAeTCH
MIHOBEHHBIM, OHO, TIO KpaiiHed Mepe, IPOMCXO[MT GLICTpee, YeM pacmpo-
cTpaHeHHe cBeTa, OIHAKO B JEACTBHTENIBHOCTH BOMPOC, KOTOPBLA HOCTABHII
nepen coGoi Jlammac, 3HaUMTENMbHO OTNHYaeTCA OT BOMPOCA, KOTOPBHIM Mbi
3gech 3aHuMaeMmcA. Ilo Jlamwiacy, BBefeHHe KOHEYHO# CKOPOCTH DACHpPO-
CTpaHeHHA ObUIO €OUHCTEEHHbIM M3IMEHEHHEM, KOTOPOE OH BHEC B 3aKOH
HewroHa. 3pece ke NoHoOHOE H3MEHEHHE CONPOBOXIAETCH MHOTMMH
OpYTHMH; CIIE[OBATENbHO, MEXY HHMH BO3MOXHA YAaCTHYHAA KOMMOEHCA-
1MA ¥ OHA, B CAMOM [ieJ1e, IPOUCXOIMT.

CnepoBarensHo, Koria Mel Oy/ieM rOBOPHTb O NOJIOXEHHH WK CKOpO-
CTH NPHTATABAOIIETO TeJla, Mbl ByieM MMeTb B BHAY TOJIONKEHHE HITH CKO-
pOCTb B MOMEHT, KOTHA 2PdEUTAYUOKNAR 604HA BRIUUIA M3 JTOTO TeNa;
Korga Mbl Gynem TOBOPHUTE O NOJIOKEHHH WM CKOPOCTH IIPHTATHBAEMOIo
Tena, Mbl GyZieM HMETh B BHAY 3TO MOOKEHHE HITH 3TY CKOPOCTh B MOMEHT,
KOI'la MAHHOE NPUTATUBAEMOE TEJIO HACTHIACTCA IPABUTAIMOHHOM BOJHOM,
UCIYCKaeMOH APYTHM TEJIOM; SCHO, YTO NEpBbIi MOMEHT NPEILIECTBYET
BTOPOMY.

_CnepoBarenbHo, €Cu x, y, z ABAIOTCH NPOSKUMAMH Ha TPH OCH BEKTO-
pa r, KOTOpbIH COeMHAET 002 NOJIOKEHNA, ECIH COCTABIIAOLME CKOPOCTH
PUTATHBAEMOXO Tela ecTb v = (vx, Dy, vz) & NPUIATHBAIOLIETO Tema —
vi = (V12 Viy, P1z), TPH COCTaBIAMUME NPUTIKEHUs (KOTOpble A MOTy
TaK0Ke Hassath F') GynyT GyHKIMAME r, v, v;. CHPAHBAETCA, MOXHO JIH
onpefienuTh 31H GyHKIMHM TakHM 00pa3oM, 4TOGbI OHM Benn ceGA npu
npeoGpasoBakuy JIOpeHIa B COOTBETCTBHH C ypaBHeHusamu (4) # uroGbi
QOBITHBI 32KOH TATOTEHAA HMEI MECTO BO BCEX CITYUasX, KOI/A CKOPOCTH
v, v; OOCTATOYHO Masibl, TaK 4TO MOXHO NpeHeGpeds MX KBajipaTaMu 1o
CPaBHEHHI0 C KBAJIpaTOM CKOPOCTH CBeTa?

Ha 31071 BOnpoC ciemyer oTBeTHTh YTBEpAMTensHO. HaiimeHo, uro npursa-
KEHHeE, YUHTBIBAIOLIEE TIOTIPABKY, COCTOMT M3 BYX CHII, OHA M3 HHX Napaj-
11eJIbHA COCTARIIAIOL{MM BEKTOPA 7, APYTas ~ COCTABIAIOUMM CKOPOCTH vy -

PacxoxpeHue ¢ OGLIENPHHATHIM 3aKOHOM TATOTEHHS, KaK A TONbKO
9T0 OTMETW, MORATKA v, €CHH XKe TPEANIONOXHUTh TOMBKO, KAK 3TO Cllenan
Jlamnac, YTO CKOPOCTh PacHPOCTPAaHEHHA PABHA CKOPOCTH CBETa, 3TO pac-
XOXaeHHe 6bUI0 Gkl opAAKa v, T. €. B 10 000 pa3 Gonswnm. Crenoparens-
HO, Ha NIEPBbIA B3ITIAM He KAKETCK abCypAHbIM Npe/oNnoXeHH e, YT0 aCTpa-
HOMHYECKHe HAGIIomeHHs He ABJIAIOTCA [OCTATOYHO TOUHBIMM, YTOOM
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0OHApYXHTDb TaKOe MaJIoe¢ PacXOoXKOEeHHe, KaKoe TONbKO MLl MOXEM cebe
npeacTaBHTb. 3T0T BOMPOC MOXET 6517 paspeilieH TOJIbKO B Pe3YJIbTaTe
rayBoKoro HUCCIIEIOBAHHUA.

* Takum o6pasom, [lyankape BBOAWT (hUaUyecKoe MOHATWE rpasu-
TAUMOHHBIX BOAH, OBMeH KOTOPbIMM, GHaNOTUYHO OBMEHY 3N1eKTpo-
MarH1THBEIMW CUrHanamu, NOPOXAAET rPaBUTaLUMUOHHbBIE CUNbY, U AaeT
OueHKY BKNafa PENATMBWCTCKUX NMOMPaBOK K 3aKOHY TATOTEHUA
HeoloToHa.

B 4aCTHOCTHM, OH NOK@a3LiB3eT, YTO 4NEHb) NepBOro NOpAAKA NO
v/e B TOMHOCTW COKPALMAIOTCA, U, TaKUM 0GPA3OM, DENATHBNCTCKUE
NONPAaBKMN K HBIOTOHOBCKOMY 3aKOHY ABNAIOTCA BEANYMHAMN NOPAA-
Kka (vfe)’.

OTu pesynsbTaTbl CHUMEIOT 3aMeueHHylo ewe Jlannacom Tpya-
HOCTb, CBR3aHHYIO C NPEATIONOXEHMEM O KOHEYHOW CKOPOCTW pac-
NPOCTPAHEHWA CMN TPaBMTAaUMOHHOTO NPUTAXEHWA, W NO3BORAIOT
NPWIATY K 38KNIOYEMMIO O TOM, YTO FUNOTE3a O PaBeHCTBE CKOpOCTeH
CBETA M rPaBUTALMOHHOTO PPUTAXEHWA HE NPOTUBOPEYMT Habnio-
AATENbHLIM A3HHbLIM.
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A. Hyanrape

1
O nmEaMuKe 3XEKTPOHA

Bsenenne

Ha nepBoiit B3rAd Kaxercs, 4To abeppauys CBETa H CBA3AHHBIE C HEIO
ONTHUECKHE H JJEKTPHUECKHE fABJICHHA MA0T HaM CPe[CTBO JUIA OTpeTie-
JieHHst aBCONMIOTHOrO IBHXEHUst 3eMIIM MIH, BEpHee, ee OBIKCHHA HE MO
OTHOUIEHHIO K [IPyTHM HeBECHBIM TellaM, a N0 OTHOLIEHHIO K d(HpY. Yxke
Gpenens MBITAICA CAENATH 3TO, HO CKOPO 0GHAPY XML, YTO ABHXKEHHE 3emsu
He M3MEHAET 33KOHOB OTPAKEHHA H NPENOMIICHHs. AHATOTHYHbIE OMBITHI,
KaK, Hallpymep, ¢ TpyGOH, HANONHEHHOH BOMOI0, M BCE MpOUME, IAe MpH-
HUMAIOTCH B PacyeT TONBKO WIEHBI NMEpPBOTO NOPAMKA OTHOCHTENBHO BEH-
ukHBI abeppaly, [ATH OTPHUATENbHBbIA pesylnsTar, 4eMy BCKOpe 6pU10
HaiineHo obbAcHeRne; HO ¥ MafKenbCcOH, MPHAYMABIIHA OIBIT, B KOTOPOM
CTAHOBHAHCH Y€ 3aMeTHBIMK WICHBI, 3aBHCAUIME OT KBajpaTa abeppauu,
B CBOI ouepenp, oTepIien Heynady.

1a HEBO3IMOXKHOCTb NOKA3aTh OIBITHBIM ITyTeM abCONIOTHOE NBIKEHHE
3emMnu npefcTaBNAET, MO-BHAMMOMY, OGUIMHA 3aKOH [IPHPOJIbI; MBI ECTECT-
BEHHO NMPHXOIHM K TOMY, YTODBI IPHHATH ITOT 33KOH, KOTOPBI MbI Ha30-
BEM NOCTYAATOM OTHOCUTEALHOCTU, ¥ TIPUHATH Ge3 oroBopok. Bce pasHo,
ByneT MM Mo3dHee 3TOT MOCTYJAT, O CHX FOP COMIACYIOUIMHACH C ONBITOM,
MOATBEPKEH WIH ONPOBEPTHYT O6oNée TOMHBIMU H3MEDEHHAMH, Ceiuac
BO BCAKOM Cllyuae NPEACTBAAETCA MHTEPECHBIM TIOCMOTPETh, KaKHE CrEfl-
CTBHA MOTYT GbITb U3 HETO BHIBEIEHBI.

x
3ameTum, YTO NOCTyAaT OTHOCUTENBHOCTU WA NOCTYNAT AOMHON
HEBO3MOXHOCTM oOfnpeaeneHun abCcoNOTHONC ABWKEHWA, Kak OH
hopMynupyer ero B cBOei NepBoi KpaTKoii 3ameTke 'O anHamuke

! Rendiconti del Cirocolo matematico di Palermo, 1906, 21, 129—
176. Pyccxuit nepeson cm.: I'. A, Jlopenn, A.Ilyaskape, A.Diinumrrein, I'. Muu-
xoBekwmit. Tlpuuuun otsocurenssoctu. — COopmux. M.: OHTH, 1935,
e.51—129.
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[image: image10.png]3ReKTPOHa'', BnepBble ynomuHaetcA [MyaHkape B ony6nnKoBaHHOM
8 1904 roay aowxnase Ha Kodrpecce uUckycctsBa M Hayku B CeHr-
Nyuce.?

B 3TOM AOKMaAe, NepPeYNcNAA OCHOBHbIE MPUHUMUNGLI TEOPETH-
ueckoi cuamin, lyanxape Gopmynupyer ““NpuHUMN OTHOCKTENb-
HOCTH, COrNAacHO KOTOPOMY 3aKOHbl (PUINYECKUX ABNERUIA AOMKHbI
6bITh OAWHAKOBbIMU ANA HENOABWMXXHOFQ Haﬁnmnavenﬁ n ana Habmo-
AaTenn, COBEPLIAIOIErO PABHOMEPHOE NOCTYTaTeNbHOE ABWXKeHWe,
TaK 4TO Mbl HE KMEEM W HE MOXXEM MMETb HUKAKOro cnocoba ohbe-
AEeNATH, HAXOAUMCA N Mbi B NOACBHOM AABMXKEHWUN UK HeT.'” \

JlopeHu ¥ QUIULKEpPAIb BBENH TMIOTE3Y O COKPALEHMH BCEX Tem
B HaNpaBNeHHH [OBHXEHHSA 3eMIHM, 3aBUCALIEM OT KBalipata aGeppaldd.
It0 COKpallieHue, KOTOpOE€ Mbl Ha30BEM JAOPDEHYOBHIM COKDAU{EHUEM,
pano 6bi oObsicHeHMe OMbITY MalikenbcoHa K BCEM APYTMM, NpPOH3BENCH-
HBIM [0 CHX MOp B 3TOM HanpaBneHuH onbiTam. OfHAKo, ecyu 6bl Mbl NIO-
JKeNnanu NPHHATH IOCTYIIAaT OTHOCHTENIBHOCTH BO BCei €ro 0GIIHOCTH, NoA06-
Has FHII0TE3a 0Ka3asach Gbl HEJOCTATOYHOMH.

3t0 3acTaBuno JlopeHUa NONOJIHUTH W BHAOH3IMEHMTh TMNOTE3y TaK,
4TOObI YCTAHOBHTH MOJIHOE COOTBETCTBHE MEXY HEK M IIOCTYJIaTOM OTHO-
CHTENTBHOCTH.

OH [oCTHT ITOrO B CBOEH crathe ”JJIeKTPOMAarHHTHbIE ABJIEHHA B CHCTE:

Me, [OBWXYyIle#cA ¢ moboi CKOPOCTbIO, MEHbIIEH CKOpPOCTH cBeTa”
(Amsterdam Proceedings, 1904)>.

BaxkHocTh Bonpoca MoSymuila MeHA CHOBA 3aHATHCA HM; Pe3ysbTathl,
TIOJIyu¢HHBIE MHOI, COTNACYIOTCA BO BCeX HaubOnee BAKHBIX NyHKTaX
¢ TeM, KoTopsie noayuHn JlopeHl; A cTpeMWICA TOJIBKO NONOIHHTD H BH-
OOM3MEHHTh HX B HEKOTOPBIX JETaNAX; HEKOTOPBIE MMEWILHECA PacxoXk-
JEHUSA, KaK Mbl YBHOMM [aniblle, HE KTPAIOT CyUIECTBEHHOMN POJIH.

Uneio JlopeHuia MOXHO pe3lOMHPOBaTh TaK: €CAH BO3MOXHO COOOLUMTD
obulee NMOCTyNaTeJIbHOE [BHXKeHHe Bcell cucreme Ge3 Toro, utoGbi HMENH
MECTO KaKHe-MMGO BUIMMbIE H3IMEHEHHA B ABJIEHHAX, TO 3TO 3HAUYMT, YTO
YPABHEHHA 3NIEKTPOMArHHTHOTO MOJNA HE HM3MEHATCA B Pe3yJbTaTe HEKO-
TOpBIX NMPeobpa3oBaHUMA, KOTOphIE MbI Gy/ieM Ha3bIBaTh NPEOOPA306aHUAMY

* A.llyankape. Hacrosiuee n 6yyliee MaTeMaTHueCKo GHIHKH. Ony6GnukoBako

B XypHanax: Bulletin des Sciences Mathematiques, December 1904, v. 28 ser. 2, p. 302/
The Monist, January, v. XY, N 1. CM. Taroke: [IpHHIINT OTHOCHTENBHOCTH. — C6. paboT
nO CeUHANBHOA TEOPHH OTHOCHTENBHOCTH. M.: AToMu3nar, 1973 1. ¢. 27-44.

3 Pyccku# nepeson cM.: I.A.JTopeuu, A.Tlyankape, A.J#iHwTedn, I.MunkoBckufl.
Tpurumn oTHocHTeBHOCTH. ~ C6opunk. M.: OHTH, 1935, ¢. 16-48.
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Jlopenya;, IBE CHCTEMbI, OfHA HENMOMBIDKHAA, APYraf NepeMeilalIIaAca
OCTYT'aTelIbHO, NMPEACTABAAKT, TAKKM 00pa3oM, TOUHOE H306paXkeHHe OfHa

Apyroi.

*MocneaHme €noBa NOKa3bLIBAIOT, HACKONLKO rNy6OKO MNyatkape
noHvman n AcHO GOPMYNUMPOBan coaepxaulylocA B npeoGpasosa-
HUAX rpynnbl NlopeHua paBHO3HAYHOCTL BCEX ABWXKYLIMXCH NPAMO-
NWHEHRHO M PABHOMEPHO ApPYr OTHOCMTENbHO APYra PasfNMYHbIX
CUCTEM OTCYETa, KOTOpPaA MNPUBOAUT K NOMHOW HEBO3MOXHOCTH
ONPEAeNneHUn abCoMOTHOFO ABWKEHNA.

OTMETUM 3eCb NPUHUMNKANLHOE OTNUYME OT TOYKW 3peHUA
JloperHua no Bonpocy O B3aMMOOTHOLUEHWM ABYX CUCTEM OTCHeTa,
CBA3aHHLIX PENATUBUCTCKMMKN npeo6pasosaHuAamu. Jlopexu, no
ero co6CTBeHHLIM CNOBaM, ‘‘Nonaran, YTo Mexay cucTemamu x, y,
5 tnx,y, 2, t' umeeTca cyuecTennan pasHuya. B ogHoil ncnons-
30BaHblI — TaKOB 6bil XOA MOMX PacCy)XOEHWH — OCM KOOPAWHaT,
UMeloWwne onpeaefieHHoe NONoXeHWe B 3dupe, M TO, YTO MOXHO
6bINO Ha3BaTh 'WCTMHHOE'' BPEMA; B APYrov cwcreme, HaoGopor,
Mbl UMeeM AeNno NPoCTo €O BCNOMOrarensHbiMU BeNWMYMHAMU, BBe-
AGHHLIMW NULWE C NOMOLULIO MATEMATUYECKOTO yXuuipeHus. B
4aCTHOCTH, NEePeMEeHHYI0 t' Henb3A 6bN0C Gbl Ha3BaThL "BpemeHem’’
B TOM Ke CMbICNE, KaK NEPeMeHHYIo ¢.

MNpn TakoM xoAe naen A He Ay Man ONUCbIBaTh ABNEHUA B CUCTe-
me x', y', 2, t' Towwo Taxum we oBpazom, Kak B cucTeme x, y,
z, L, ... kG

Aanee Tam e ot Jloperuy nuwer ““®opmynbl npeobpasoBaHua
A CTpemMunca BbiBpaTe Tak, 4To6bI NONYYATL B HOBOW CUCTEME
HanBonee npocreie ypaBHeHwA. lMoaxe A yeuaen ms crateu Myanka-
pe, 4o, AeicTBYA 6onee CUCTEMATUYECKM, A MOr 6bi AOCTUIHYTL
ewe Gonblwero ynpolueHnA. He 3aMeTHs 3TOro, A He CMOT AOCTWr-
HYTb NONHOW MHBaPWaHTHOCTU YPaBHEHUN; MOM HOPMYynbl OCTaBa-
MCL  3aArPOMOXKACHHBLIMA NIMWHAMKA  YNEHAMW, KOTOPbIE AOMKHLI
6binn Gbl UcueaHYTh, ITH MneHbl GbiNM CAMWKOM Mansl, 4TOGbI
0Ka3aTb 3aMETHOE BAMAHWE HA ABNEHWA, U 3TUM A MOr OGBLACHUTL
OBHapYXeHHYI0 HaBAIOAEHAMM HE3aBUCMMOCTb MX OT ABKEHUA

3eMNK, HO A He YCTaHOBUN NPUHUMNG OTHOCHTENBLHOCTU KaK CTPOryI0
¥ YHUBEPCANbHYIO NCTUHY.

* T.AJlopesu, [ise crames Awmpw [lyauxape o MaTemaTwueckod QH3MKe. Ow.:
Npwiusn omockTembiocTn. — C6. paboT 1O CRENMATRHOH TEOPHH OTHOCHTENLHOCTH.
M.: Atommsgiar, 1973, ¢. 189-201.
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[image: image11.png]Hanpotue, MNyaHkape nonyudn NONHYi0 WHBApUaHTHOCTbL ypas-
HEHUA 3INEKTPOAUHAMMKW W chopMynMpoBan ''nNocTynat OTHOCK-
TeNbHOCTH’' — TePMUH, BREPBbIE BBEAEHHbIA UM.”"

JlamxeBeH® MbITACA BUOOH3MEHHTD ujeto JlopeHna; y 0GOHX aBTOpOB
OBHKYUMIACA 3TIEKTPOH NPHHAMaeT GOpMY CKATOro IJUIMIICOMAA, HO B TO
BpeMA Kak y JlopeHIa NMOCTOSHHBIMM OCTAalOTCA [OBE OCH 3JUIMIICOMAE,
y JlamxeBena, Hao60poOT, 06bEM IVIMINCONAA OCTACTCA MOCTOAHHBIM. O6Ga
YUeHBIX, BIPOYEM, NOKA3IIH, YTO 3TH ABE HIOTE3bI TAK XK€ XOPOILO COrfa-
cylorca ¢ onbitamu Kaydmana, kak U nepsoHavanbHaa runoresa AGparama
(He e GOPMHPYIOLUHIACA LLIAPOBOH TIEKTPOH) .

MpeumywectBo Teopun JlankeBeHa B TOM, YTO OHa BBOIMT TOJIBKQ
3NEKTPOMArHHTHbIE CHJIBI H CWIBI CBA3H, HO OHa HECOBMECTHMa ¢ IOCTY-
natoM oTtHocuTenbHocTd. Tlocnenuee Gbuto noxasaHo JlopeHIoM; s TaKKe
Hallle]l 3TOT Pe3yNbTaT HECKOABKO MHBIM MyTeM, MONb3yACh OCHOBHBIMH
NOJNOXEHUAMH TCOPHH TPy,

Cnenyer mo3TroMy BepHYThcA K Teophu JlopeHua; oOHako, €CiH Mbl
XOTHM COXPaHHTb €€, H36erHyB ABHBIX MPOTHBOpEUHid, HeobXoaumo fomy-
CTHTh CYIIECTBOBaHME CHIbI. Sl MBITAJICA ONpElENIUTL 3Ty CUILY M HAlen,
YTO OH@ MOXET ObiTo NPUPAGHENd NOCTOAHHOMY GHEWHEMY Oa8AEHUO,
OeilcTayiowemy Ha Oeopmupyembiii U cxumaemslii 31eKTPOH, pabora
KOTOPO20 NPONOPYUOHAABHA USMERERUI0 00beMd ITO20 IAEKTPOHA.

Torpa, ecné MHEpUHA MATEPHH HMEET HCKJIIOYMTENBHO IEKTpOMAr-
HHTHOE MPOHCXOXAEHHE, KaK 3T0 0BILenpu3Hano nocie onbiros Kaydmana,
M, 32 MCKJIIOYEHWEM IIOCTOAHHOTO [ABJICHMA, O KOTOPOM fi TOJNLKO YTO
TOBOPWI, BCe CHIBI BYAyT 3NeKTPOMArHUTHOTO NPOUCXOKAEHHSA, TO MOCTY-
JIaT OTHOCHMTEIBHOCTH MOXeT BbITb YCTaHOBNEH CO BCEH CTPOTOCTBIO; UMEH-
HO 3T0 A ¥ cobBHpaloch NMOKa3aTh BEChbMA MPOCTHIMH BBHIYHCIICHUAMH, OCHO-
BaHHBIMH HA NPHHIMIE HAHMEHBILEro ICHCTBHA.

Ho 310 He Bce. JIopeHI B WHTHPOBaHHOH paboTe CuMTaIl HEOGXOAUMBIM
JIOTOJNIHMTb CBOI0 THIOTE3y TAK, YTOGBI MOCTYNAT OTHOCHTENIBHOCTH MMeJl
MECTO H TIpH HaJIMYMH APYTHX CHJI, IOMHMO 3JIeKTPOMArHHTHBIX. CornacHo
€ro ujee, BCe CHJIbI, KaKoro 6bl OHM HY GBUTH NPOMCXOX/EHNUA, BERYT cebs
6naropapa npeoGpasoBanmio Jlopennma (M, cnejoBarensHo, Onaropaps
NOCTYTIATENBHOMY [1€PEMEILEHHI0) TOYHO TaK XK€, KaK IEKTPOMArHUTHbIC
CHITHL.

s Jlo JlamxeBeHa 3Ty e HAeK Bhickasan Byxepep B Bomwe (cM.: Bucherer
Mathematische Einfuhrung in die Elektronentheorie. Teubner, Leipzig, 1904).
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* POpMYNUPYR NOCTYNaT OTHOCMTENbHOCTH WNW, KAk OH HasbiBaeT
ero B CBOeW NnepBoi pabore, NOCTYNaT NONHOW HEBO3MOXHOCTY
onpeaenenuna aGcontoTHoro aawmxerun, MyaHKape NoAYEpKUBaET ero
YHUBEPCANLHOCTL B NPUMEHEHWA KO BCEM cunam npupoast. Heobxo-
AVMO 3aMeTKTb, 4TO XOTA u 3zeck [lyaHkape CO CBOMCTBEHHON emy
CKPOMHOCTBIO OTAaeT nepeeHcTBO JlopeHuy, umeHHo emy (Myau-
Kape), BNepBble YCTaHOBWBLLEMY FpYNNOBON XapakTep npeo6paso-
BaHui JlopeHua, a Tarkoke NPaBUNLHbIE 33aKOHbI NPe06Pa3oBaHUA cnn
¥ APY X GUIUYeCKNX BENUYMH Mbi B 3HAYATENLHOW CTenenn o6A3a-
Hbl OTKpbLITUIO BceobUIEro XxapakTepa PeNATUBUCTCKUX 3aKOHOB
HE3aBUCUMO OT NPUPOAbI CUN.

OKa3anock HeoGXOIMMBIM §oree BHHMATENIBHO PAaCCMOTDPETb 3Ty TH-
NoTe3y U, B YACTHOCTH, HCCIIEIOBATh, KakKHe H3MEHEHHS OHa BHOCHT B 3aKO-
Hb! TATOTEHHSA.

TMpexne Bcero, OYeBUAHO, OHa BhIHYXKIAET HAC NPEMIIONIOKHTD, YTO pac-
MPOCTpaHEHHe CHM TATOTEHUSA IPOHCXOOMT HE MTHOBEHHO, HO CO CKOPOCThIO
cBeTa. MOXHO GbUIO GBI IOAYMATh, YTO 3TO ABJIAETCA JFOCTATOMHBIM OCHOBa-
HHEM [UIf TOro, YTOGhI OTBEPrHYTh MOJOGHYI0 FMMOTE3y, TaK kak Jlammac
MOKa3aj, 4T0 OHa He Moxer MMmerb mecta. Ho Ha camom pene peiictBre
3TOT0 PACHPOCTPaHEHHA YpPaBHOBEIUMBAETCA B GOMblIEH YacTH [IPYTHM
06GCTOATENBCTBOM, TaK YTO He CYIIECTBYET NPOTHBOPEYHSA MEXY Npemio-
XKEHHbIM 32KOHOM H aCTPOHOMHYECKHMH HaG/IONCHHAMH.

Bo3MOXHO NIH HaliTH TaKo# 3aKOH, KOTODbIHA ynoBneTBopsl 6b1 ycnmo-
BHI0, NMOCTaBIeHHOMY JlOpeHIlOM, H OJHOBPEMEHHO CBOJWICA K 33KOHY
HslotoHa BO Bcex cnyuasix, KOIAa CKOPOCTH HeGECHBIX TeNl AOCTAaTOMHO
Maibl UiA TOro, 4roGel MOXHO GbUIO MpeHeOpeub MX KBaJApaTaMH (a TaKxe
TIPOM3BEJICHHAMH YCKOPEHHH HA PACCTOSHKA) MO CPaBHEHMIO C KBAfAPaTOM
CKOpOCTH cBeTa?

Ha 3101 BONpOC, KaK Mbl yBHOMM AANblie, ClIELY€eT OTBETHTH YTBEPIM-
TeJbHO.

Cornacyercsa i BHIOM3MEHEHHBIH TaKHM 06Pa30oM 3aKOH C aCTPOHOMH-
HYeCKMMH HabntoneHuaMu?

[o-Buaumomy, 1a, HO 3TOT BONPOC MOXeET GbITh OKOHYATENBHO pa3pe-
WeH ToNbKo nocie Goree rayGoKoro KCCNeNOBaHUA.

Ho, nomyckasa naxe, uro 310 06CyXOeHMe JOKaKET NPEHMYLUECTBO
HOBOH THIIOTE3bl, K KAKOMY 3aKJIIOUEHHI0 Mbl JIOIDKHBI GyfdeM mpuiTu?
Ecnu pacnpoctpanenue cwn mpursxeHMs TIPOHCXOIHUT CO CKOPOCTBIO CBETA,
TO 3TO He MOXET ObITh pe3ynbTaTOM KaKHX-MHOO CyvalHbix obcros-
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[image: image12.png]TEJILCTB, @ LOJDKHO GbIrh 06YCloBNEeHo ofHoN M3 (yHKUM# d¢uMpa; Torma
BO3HMKAET 3a/iaua T1yGxe MPOHUKHYTS B IPHPOLY ITOH PYHKIMM M CBA3ATh
ee ¢ PYrHMHU CBOHCTBAMH 3dupa.

* WHTepecHO OTMeTUTL, YTO XOTA BblABMHYTLIA [lyaHkape noctynart
OTHOCUTENLHOCTU APEANnOnaraetT NONHyH HEBO3MOXHOCTL onpeje-
NEHWUA ABWXEHUR Marepuu OTHOCUTENbHO 3d)npa, camo MOHARTHE
3tupa UM He oTOpacuIBaeTCA.

COBEpPIEHHO ACHO, YTO TEOPWA OTHOCUTENLHOCTY *'YHUUTOXMKNA'
He cam no cebe 3dup, a NMWb NPUNUCBIBaEMOe eMy CBOMCTBO abco-
THOTHOW HENOABUKHOCTU.

BnocneacTBuM 310 NpuU3HaBan JWHWTENWH, KOTOPLIA nNucan:
...6nnXKaiuee PacCMOTPEHWE NMOKA3bIBaeT, Y4TO CeunanbHan TeopuA
OTHOCUTENLHOCTU He TpebyeT 6e3ycnoBHOro OTPUUAHUA 3dmnpa.
MOXHO NPUHATL CyluecTeoBaHve 3¢vpa, He cneayeT TONbKO 3a-
BOTUTLCA O TOM, YTOGLI NPUAKUCLIBATL EMY ONpPeAeneHHoe COCTOAHNE
ABWKEHWA, WHaye roBOPA, abCTparupyACh, HYXXHO OTHATL Y Hero
NOCREAHWIA MEXaHWMECKMIA NPU3HAK, KOTOPbLIA emy ele oCTasun
Nopexu. No3aHee Mbl YBUAUM, 4TO OGLLEA TEOPUA OTHOCUTENLHOCTH
onpasAbIBaeT TaKoe npeacTaenenue...”’t

B cOBpeMeHHOW TeopeTuuecKoh thmauke NOHATME hUpa yCTy-
NMNO NOHATUIO (PUINYECKOTO BAKYYMa — OCHOBHOMO COCTORHWA,
B KOTOPOM Heu3GexHo NPUCYTCTBYIOT KBaHTOBbie (nykTya-
UMM — Hynesble KoneGaHUA KBaHTOBaHHLIX NONen.

Hea0CTaTOYHO OrPAHHYMTBCA MPOCTHIM  COMOCTaBlieHHEM  (opmy,
cornacyommxcs Mexay coboko ymiup 61arofaps CyacTIHBOR CiTy4aHHOCTH;
Heobx0HMO, YTOGB! 3TH GOPMYBI, TAK CKA3aTh, IPOHUKATH IPYT B Ipyra.
Pasym Haml He Oy[HeT Y/IOBIETBOpeH 1O TeX MOp, MOKA Mbl HE (IOBEPHM,
YTO YCMOTpENH MPRYMHY ITOTO COrNacOBaHMA TaK XOPOLIO, YTO, KaK HaM
K@KeTCs, Mbl MOITIH Obl €€ NPeABUAETD.

Omiako 3TOT BONPOC MOXHO NpefcTaBHTh ceBe ellle ¢ Apyroil TOUKH
3peHHA; Nyduie BCETO MOXHO 3TO MOHATb NpH MOMOILM cpaBHeHus. [pen-
cTaBuM ceGe acTpoHOMa, XuByuwero no Komephuka W pasMbuussiouwlero
Haj, cuctemoii [lTonemest; on 3amerun Gbl, UTO [UTA BCEX IUTAHET OMH U3
DOBYX KpYTOB, SUANMKIJI HIH [edepedT — OCHOBHOH KpYr, NPOXOAWTCA B
omHo M 10 xe BpeMA. Tak Kak 3T0 He MOXeT GbITb CryvafHOCTsIO, TO,
CHIENOBATENBHO, MEXAY BCEMM IUTAHETAMH CYUIECTBYET KaKan-TO TAHHCTBEH-
Hasl CBA3b.

¢ ADfmurTen. CGOPHHK HayuHmIX TpyHoB, T. 1, M.: Hayka, 1965 r. c. 685-686.
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Onnaxo KonepHHK, M3MEHMB JIMILb OCH KOOPAMHAT, paCCMAaTpUBacMbie
paHee KaK HEMORBHXKHBIC, CPa3y YHWNTOXWI 3Ty BHIMMYIO CBA3b; KaXia
[U1aHETa OIACHIBAET TONBKO OOMH KPYT, H NIEPHO/bI OOpAIIEHHA,CTAHOBATCA
HE3aBUCHMBIMH APYT OT Apyra (4o Tex mop, moka Kemnep ue ycranosun
MeX/ly HIMH CBA3b, KOTOPYI0 CUMTAIIH yHHYTOKEHHOM ) .

Bo3MOXHO, YTO M B HAllEM ClyYae HMeeTCS HEUTO aHAIOTHYHOE; ECITH
6bl Mbl NPUHAIA MPHHIUMN OTHOCHTEJIBHOCTH, TO B 32KOHE TATOTEHMSA W B
AMEKTPOMATHATHBIX 33KOHAX HAUUIM Gbl 0OILYI0 NOCTOAHHYI0 — CKOPOCTh
cBeta. TOUHO TaK e Mbl BCTPETHWIH Obl €¢ BO BCEX [APYTHX CHJIAX KAKOro
yroaHo TPOHCXOXACHUA, YTO MOXHO OOBACHUTD TONBKO C HABYX TOMexK
3peHMA: MIIM BCE, YTO CYLUECTBYET B MHPE — 3/IEKTPOMAIHUTHOIO MPOHC~
XOXIEHHs, WIH Xe 3T0 CBOATCBO, ABIAIOLICECHA, TAK CKa3aTb, OOLIMM IfIf
Bcex (U3HYECKHX ABNEHHM, €CTh HE YTO MHOE, KAK BHEIUHAA BHAMMOCTS,
YTO-TO CBA3aHHOE ¢ METOMaMH HalluX M3MepenHit. Kak xe Mbl npon3sogum
Hawm uamepenna? Tpexse Mbl OTBETHIIM Gbl: NEPEHOCH Tefla, pacCMaTpH-
Baemble KaK TBEPIbIEe M HEM3IMEHHBIE, OJHO Ha MECTO APYTOTO; HO B COBpE-
MEHHOI TeOpHH, MPHHAMaA BO BHMMalKe cokpalllerHe JlopeHua, 310 yxe
HeBepHO. COrJIaCHO 3TOH TEODPHH, ABYMSA PaBHbIMK OTPE3KAMH, MO Onpefe-
neHdso, GyNyT TakHe [Ba OTPE3Ka, KOTOphle CBET MPOXOAMT B OXHO H TO
e BpeMs.

MoxeT GbITh, IOCTATOYHO TOJMBKO OTKA3aThCA OT ITOTO OMpeleNIeHHA .
4To6bl Bes Teopus JlopeHla 6bUia COBEPLICHHO YHHYTOXKEHA, KaK 3T0 Clly-
yanock ¢ cuctemoit ronemes nocne BMewarensctda Konepunxa? Bo Bea-
KOM Cilyuae, ecii [IoC/Ie/iHee H IPOH3OHAET, 3TO elle He JOKaXeT, YTO Y CHIIHA
Jlopenua 6bu1i GecnonesHbiMK, 00 K TITonemeit, Kakoro MHEHHA O HeM
HM IPUAEPXKHUBATHCA, OTHIOND He ObLT Gecronesen s Konephuka.

TlosTomMy A Takke HHCKOJBKO He Konebancs omyGIMKOBaTh 3TH Yac-
THYHBIE Pe3YNbTaThl, XOTA B HACTOAIMA MOMEHT BCA TEOPHA KakeTca
OCTABNEHHONH MOK yrpo3y, BBUAY OTKPBITMA MarHHTHO-KaTOOHBIX NyUeH.

§1. [lpeo6pasosaune Jlopenua

JlopeHu BBen ocobylo CHCTEMY €MHHMI, B KOTOPOH MHOXHTENb 4m
HcYe3aeT BO BCex ¢opMynax. Sl NOCTyIUIIO TOUHO TaK XXe H,Kpome
TOro,BbIGEPY eNMHHMUBI [JIMHBI M BpeMEHH TAKHM QO6pa3om, TTobel cxopocTb
cBeTa 6buta paBHa emunuue. OBosnavan vepes, E =(Ex, Ey, E;) cocras-
TAONUIME IMEKTPHYECKOro cMguienus, vepes H=(Hy, H,, H;) — nanpsa-
XEHHOCTH MarHuTHOro nons, A = (Ay, 4,, Az) — KOMIIOHEHTbI BEKTOPHOI0
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[image: image13.png]HOTEHIMANA, YePe3 ¢ K § — CKAIAPHBIA NOTEHLMAT M IUIOTHOCTh 3EKTPh-
uecTBa, HaKOHel, Yepe3 v = (vy, vy, vz)— COCTABIAIOUME INIOTHOCTH TOKA,
MBI MOXEM NPECTABHTL OCHOBHbIE GOPMYINbI B BHAE:

- 3 N -
g=aTE+pv=rotH,
erotd, = Al d
=rotd, E= 3 A-Vgp,
D e rotB, 2 ptdivipr)=0 m
ot 13 ’

Op=-p, DA=—pr,
_*2_ az
0=V -5

JnemeHT oGvemMa Matepuu dr = dx dy dz MoABepraeTcA [JeRCTBHIO
MEXaHHYECKOH CHIIbI, COCTABNAIUME KOTOPOH fyd7, fydT, f;dT BbIBORATCS
13 ¢opmynsl

- - - -
f=pE+p[v X H]. )

ITH ypaBHeHHsi MOXHO NOJBEPrHYTh 3aMeuaTelbHOMy npeobpa3oBa-
HHW, HaieHHoMy JIOpeHIOM, 3HaueHHe KOTOPOTO 3aKiliouaeTcs B OObscC-
HEHHH TOro, MOYEMY HHKAKOR OMBIT HE B COCTOAHMM OOHapyxuTh abcomiot-

HOE [ABHKEHHE 3eMIIH.
Nonoxum

%' = yi(x — Bt), t' =t - Bx), 3)
y' =ly, 2’ =1z,

roeluf — pee TIPH3BOJIbHbIC NNOCTOAHHBIE, H NYCTH
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Torna, ecnu Mbl 0603HAYHM yepe3
’ le 2 ”
0'=V"?2—-93%/ot2,
70 MOY4IM

o'=0]72,

PaccMoTpiM cbepy, YBIEKaeMyIo 3EKTPOHOM IPH €ro paBHOMEPHOM
NOCTYTIATENIBHOM [BIXKEHHH; TOT/a

P
-vt} =1

ecTb ypaBHEHHe 3TOH OBIKylle#ca cdeprl, 00bEM KOTOPO#R paBeH 4y .
B peaynbTraTe mpeoGpa3oBaHMA BMeCTO CPepbl MONYYATCA IILTHIICOMI,
YPaBHEHHE KOTOPOTO HETPYAHO HAHTH.
B camoMm pene, u3 ypashenua (3) Jerko nonyyaem

x=yl@ + ), =4V + )
3"
y=U"y', =17
Torna YpaBHeHHe JJUIHIICOH/IA 3aMHLIeTCA B BUOE
P~ Box) = Fox =BF + [y — 1o, (" + 6 +
I~ + B =P,

ITOT IVIHNCOKN, TIEPEMELIAeTCA, YYacTBY s B PABHOMEPHOM [IBHXKEHHH;
s
w1 t’ = 0 ero ypaBHeHHe HMeeT BHI,

V71— fox) + (' — ') + @ — ey =00,
H 0GbeM ero Oyner paBed
s__ P
(1 — Box)

Ecnu Mb1 xkenaeM, uToGbl 3apAR IMEKTPOHA HE H3MEHMNICA OT npeobpa-

30BaHKA, TO, 0603HAYaA Yepe3 p  HOBYIO IUTOTHOCTDH JNICKTPUUECTBA, GyaeM
HMeTD

4
3

p'=v"2p(1 - fuy)- O]
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[image: image14.png]HoBBIE CKOPOCTH by, Uy, &' BBIDOKAITCA TENEPD Uepes CTaphie CIEAy-
M o6pazom:
v,*ix_'_ dix - Bty vx—8
X dt T d(t - Px) 1 —Buy’

e_dy o dy Yy a2
YT A -pn ) Ty T T b
oTKyna
Poi=A7p(x ~B) p'vy=1"pvy; 0'v;=17pu,. “"

3pecs A HODKEH OTMETHTh TepBoe pacxoxaenHe ¢ Jlopennom. Jlopennu
nomaraer (¢ HEKOTOpoil pasHHIedl B 0GO3HaueHUAX) [cM. UMTHDOBaHHYIO
Bbiute paboty, c1p. 813, dopmynsi (7) 1 ®)]":

o=y U0, V=7 (vx — B); vy= Ty, U= Y0z
TakuM cNocoBOM TaKKe NONyYaTca GopMyIbl
k=" p(vx —B), Pvy=1"2pvy, p'Vz=17pvy,
rfe, OAHAKO, 3HaUeHHe p ' yXe Apyroe.

* Cam [.JlopeHu B ony6nukoBaxHoi B 1914 roay craTse, nocesa-
LteHHoi NaMATH A.MyaHKape U ero BKNagy B TEOPETMYECKYHO dusu-
Ky, NYCan cneaytowlee:

"dopmynbl (4) w (7) He copepxatcA B8 Moei CTaTbe 1904 r.,
NOCKONBKY A He NOAYMan O NPRMOM MyTH, BeaylueM K HUM, n6o
nonaran, 4To MEXAy CUCTEMaMu X, ¥, 7, t u x, y', 2/, t' umeeTcR
CyLeCTBEHHaA pa3Huua. B OAHOM MCNONL30BaHbI — Takos Bbin xoa
MOMX PacCY)XAGHUM — OCY KOOPAMHAT, UMeiolUlMe onpeaenenHoe
nonoxexve B aupe, U TO, YTO MOXHO 6bINO Ha3BaThb “'UCTUHHOE"
BpEMA; B8 APYrOit cucTeme HaoGopOT, Mbl UMeEeM Aeno npocTo co
BCNOMOFaTenbHbiMW BENWYMHEMM, BBEACHHLIMW NUWL C NOMOLLbLIO
MaTeMaTH4ecKoro yxmuipeHua, B yacTHoCTH, nepemeHHYo ' Henb3nA
6bIN0 HA3BaTL ""BpemeHeM” B TOM e CMbICMe, Kak NepeMeHHYH f.

7 Pyccxuti mepeson cm.: T'.A.Jlopenn, A.llyaHkape, A.JHHUITeAH, I'.MurKoB-
crutt. TIprmuun omsocurensHoctn, CGopruk. M.: OHTH, 1935, ¢. 21.
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MNpu TakoM xofe Uaew A He Ay Man onucbiBaTs ABNEHWA B CuCTe-
me x'. y', &, t' TouHO TaKum e 0Bpasom, KaK B CUCTEME X, ¥, Z, 1,
W A He onpenenun ypasHeduamu (4) u (7) senmumnb £, 71§
p’, cootmercTBYOUME £ 7, §, p. BeponTHee Bcero, ceon hopMy nbi
npeoﬁpaaoaaHMﬂ A Hawen WHTYWTUBHO, C NOMOLLBIO HbIHELWHUX
0603Ha4YEHUIA UX MOXKHO BbIPa3UThL B Buge:

1
W

F=kiE e, n'=hn, =k p'=
dopmynbl NpeobpasoBaHnA A CTpeMUNCA BbibpaTk Tax, 4Tobel
NOAYuMTL B HOBOW cuCTeme HawBonee NPocTbie ypasHeHua. Mosxe A
yaugen w3 ctatbu [yaHkape, 4To AeicTBYA Honee CUCTEMATUYECK MU, A
Mor 6bl AOCTUrHYTL ewe 6onswero ynpoulexna. He sametus atoro,
A He CMOr AOCTUFHYTb MOMHOM WMHBAPMAHTHOCTU YPAaBHEHWIA; MOW
$opMynbl  OCTaBanMCb  3arPOMOX/EHHBIMUA  MLIHUMWA - YNeHamu,
KOTOpbIE AOMKHbI Bbinn Bbl UCUEIHYTH. 311 yneHbl 66NV CNNLLKOM
mManbsl, 4T0Obl OKa3aTb 3aMETHOE BAWAHWE Ha ABNEHUA, U ITUM A Mor
0BbACHUTL OBHAPYKeHHYIO HABNOAEHMAMU HE3aBUCUMOCTL uX OT
ABVKEHNA 3eMNU, HO A He YCTaHOBUN NPUHLWUNG OTHOCUTENLHOCTH
KaK CTPOTyi U yHMBepCanbHyto MCTMHy.‘

Hanpotug, NyaHkape Nony4Yun NofHyK WHBAPUATHOCTb ypasHe-
HW ANeKTPOAMHAMUKW 1 CHOPMYNMPOBaAn 'nocTynar oTHOCUTES b
HOGCTW' — TEPMUH, BREPBbIC BBEAEHHLIA UM. B camom aene, ucxoan
U3 TOUKW 3PEHUA, KOTOPYIO A YNycTun, oH Beigen dopmyns: (4) n
(7). [oBaeum, 4TO UCNPaBAAR TakWM 06Pas’oM HeROCTATKM Moe#
paboThi, OH HUKOr Aa B HWX MEHA He ynpexHyn''.

BaxHO OTMETHTD, UTO BenuuuHbl (4) U (4") yIOBIETBOPAIT YCIOBHIO
HETIPEPBIBHOCTH

3p L + V' (p )= 0.

B camoM fiefie, NycTh A — HEKOTOPbIA HEONpPEAeneHHbIH K03 OUIMENT
1 D — pyHKipoHanb B ONpefenTeNns BhPaKeHHH

N0, X+ Nuy, ¥+ Nvy, 2+ Movg ©)
OTHOCUTENBHO ¢, 1, ¥, 2.
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[image: image15.png]Hmeem
D =Dg + DA+ Dy + D33 + D)%,
rae
nd -+
Do = 1, Dy =0p/3t+ V (pv)=0.
Monaras X'= I*\, MBI BUAMM, 4TO YeThIpe BYHK LMK
£+ Np X+ Aphy, ¥+ Npley, 2+ Np'uy ")
cBA3aHbl ¢ QyHKIUHAME (5) JIMHEAHBIMH COOTHOLIEHHAMM TAKOTO € BH/A,
KaKHe CBA3BIBAIOT HOBBIC NepeMeHHbie ¢ nmpexxHumu. Ecnu ke 06o3Haunts
yepes [)' byHKUMOHATIbHBIA onpenenuTens GyHKIMA (5') OTHOCHTENBHO
HOBBIX NEPEMEHHbIX, TO
’ I 14
D'=D, D' =D+ D{XN + ...+ DJN4,
OTKy /12
nd -
Do=Do =1, Dy=17"D, =0=3p"0t' + V'+(0'v"),
1TO M TpeGOBANOCH A0Ka3aTh.
10 ycnoBue He Gbuio Gbl BbINONHeHO Npu runotese Jlopeua, Tak
KaK p 'MMEET 3JTeCh APYroe 3HaueHue.
OnpefiendM HOBbiC NOTEHLMAIbl — BEKTOPHBIA U CKAIAPHBIK — TaK,
TOOBI yI0BIETBOPHTH Y PABHEHUAM
szl: —pf UI? =—p’l7',

Mnr TIONTY4YUM 33TEM OTCHda
@ = 0 =B, AY =97 Ay ~B0) (®)
e e T LA ' (@)
ITH GOPMYIIbI 3HAUNTEIIBHO OTIIMYAIOTCA OT COOTBETCTBYIOUIMX dopmyn

lopeHua, HO paCXOX/IEHHE MPOUCXOAMT 34€Ch, B KOHLE KOHLOB, TONBKO
T PA3NIMYHBIX OlIPCAC/IeHMH.

BbibepemM HOBbIC MONA — JNEKTPHYECKOE M MArHUTHOE — TaK, YTO6BI
y10BIICTBOPATTUCH Y PaBHEHHHA

=20 V! = (), ®)
Jlerko BHIETh. UTO
Fy =178y, By =yl ~Bll,),

E; =y (E; + BH,),

. , ©
HY =17 Hy, Hy =72 (H, + BE,),

1 = Y2 (I, ~ By ).

3t GopMynbl TOXKAECTBEHHDE ¢ hopmynamu Jloperua.

Haue npeobpasobanne He w3Menser ypasHenuit (1). B camom gene,
YC/IOBHE HECAPEPBIBHOCTH, a TakXke ypaBHeHMa (6) u (8) yxe mawoT Ham
HEKOTOpble W3 ypaBHEHUA (1) (32 MCKIIIOYEHMEM LWITPHXOB y 6yKB).

YpapHeuns (6), OylyuM NOLCTaBNEHBI B YCTIOBHE HENPEPHIBHOCTH,
paiet

dpsar + V-1 =0. (10)

Octaetca ycTaHOBUTD, UTO

D =[asir, 2t - [4i],

N

k=g

’

<4

HO JIerko BHIETB, YTO JITO €CThb HE 4TO HHOE, KaK CneacrBHe ypanueunﬁ
(6), (8) u (10).

Mb1, fomkHBL Teneps cpaBHMTL cHAbI 4Q W nocne npeobpa3oBaHuA.
Tyets f Gyner cuna mo npeobpasoBanus, a /' — nocie Hero, npuvem obe
OTHECEHBI K elMHHLe 06bema. JINA TOro uT06b! CHIIBI CO LITPUXOM YIOBNET-
Bopémn TAKKM A€ ypaBHEHWSM, KaK W [0 peoBpa’loBaHus, HEOBXOIUMO,
UTODBI

N

[/ =pF +pi o kil

3 A A Jlorynos 33



[image: image16.png]3amensn Bce BENHYMHBI MX 3HaueHMAMH (4), (4'), (9) u npunumas
BO BHUMaHHE ypaBHEHHA (2), HOMyuum

-

R=o =),
S = e =

an

5

Ecmu Mb1 0603HauuM uepes F COCTaBIIAIONIME CHIIBI, OTHECEHHOH yxe
He K eMHHMIEC o6bema, HO K CIMHMIC 3apAfa NMeKTpoHa, a uepes F —
Te Xe BeNMUMHBI Noce npeobpasoBaHusi, T0 6yIeM MeTh

s e e s
f=pF, f'=pF,
H, CIIe[IOBATEIIBHO, NOJNy4YHM ypaBHCHHﬂ

F =vl-5;,’,’— (Fx —BF ),
ar)

Fy=15 L p g1

P 4
o’ VLT

o’

JlopeHi| e Hallel, ¢ TOYHOCTHIO [0 OGO3HAYECHMi [CM. HHT. Bbille
paborty, ctp. 813, popmysy (10)18:

Fy =PFy+ PRuyEy +v)E),

Fy=y"'"PFy -y ' PBu/Ey, ar

F,=y"'PF -y ' ’8v,/E].

Tlpexae ,4eM MATH Janbllie, BAXHO OTBICKATh NMPHYMHY 3TOTO CyIUECT-
BEHHOro pacxoX/etnsi. OHO, OUEBHIHO, IPOHCXOMHUT OT TOTO, HTO GOpMYJIbI
I vy, vy, v HECKOJIBKO OTIIHYAIOTCA OT COOTBETCIBYIOMIMX Popmyn Jlopen-
Ha, TOorma Kkak (OopMymnbl OyA INEKTPUYECKOTO M MATHHTHOTO MONA —
OJTHHU H T€ Xe.

® Cm.: T.A.Jloperu, A.llyankape, A.D#tmiuTeiin,
OTHOCHTenbHOCTH. COophik. M.: OHTH, 1935, c. 20.

F Mimikoackuit. TpuHuun
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MNaynu B ony6nukosanHon 8 1921 r.craTbe, NOAFOTOBNEHHOU ANA
MaTEeMaTUYECKOM 3HUMKNONeaM ° U NOCBRLIEHHOM *'PaCCMOTPEHMI0
Tpex paboT NopeHua, Myankape v JWHLWTeHHA, B KOTOPLIX Bbinu
YCTaHOBNEHbI MONOXEHUA W pPa3BUTbl CooGpaxeHun, oGpasylouwme
GdyHAAMEHT Teopuyd OTHOCUTENLHOCTW'', nucan cneaywlwee: B
pabote Myankape 6binn 3anonHeHsi opManehbie NpoGenst, ocTas-
wuecA y fopenua. MpuHUKN OTHOCKMTENBHOCTW 6biN UM BeICKa3an
B KauecTBe BceobBwero U cTpororo nonoxenua. flockonexy MyaHka-
pe, Kak W OCTanbHble YNOMAHYTbIE aBTOPbLI, NPUHUMAET, 4TO ypas-
HeHuAa Makceenna ANA NycTOTb! CNPaBeAnNWBbI, TO OTCIOAA BbiTe-
KaeT TpeboBaHWe WHBapUAHTHOCTH BCEX 3aKOHOB NPUPOABI OTHO-
cuTensHo Npeobpazosarunia Mopenua' ©. HeusmenHocTs nepnexan-
KYARPHBIX K HanPaBNeHW0 ABWKEHWA Pa3MepOoB Tena COBEPLUEHHO
ecCTeCTBEHHO BbITeKaeT U3 Toro Tpe6oBaHuA, 4T06bI NpeobpaloBaHuA,
¢ MOMOLLBK KOTOPbIX OCYLLECTBAAETCA Nepexoa OT HenoaBWUXHOW
K ABWXKyUEACA cucTeme, obpasosany rpynny, coAepXawylo B
KavecTBe NOArPynnb! o6biyHbIE BpauleHUA ocel koopawHat. [anee,
MNyaHnkape ucnpasun flopeHuesbl HopMynbi NpeobpalosaHnA Nnotv-
HOCTM 3apAAAa U CKOPOCTU U, TaKUM 06pa3oM, AOCTMI MONHOW UHMBa-
PUaHTHOCTW YPaBHEH WA INEKTPOHHON Teopuu''.

NopuepkHeM, 4TO umeHHOo [lyaHkape nepebiM noKasan, 4To
AnNR BCeoBlieli MHBAPMAHTHOCTM 3aKOHOB MPUPOALI OTHOCHTENBHO
npeo6pazosanunin flopeHua Heobxoanmo, 4Tobb! ulnueckue nona,
CUNbI W APYTUE ANHAMWHMECKUE W KUHEMATUYECKUE XaPaKTEPUCTUKY
06pa3oBbiBanm 6bl COBOKYHOCTM BENWMUH, NPeobpa3yowmxca npu
npeobpasoBarHuax JlopeHua No TOMy UNW MHOMY TEH3OPHOMY 3aKo-
HY WAW, wHase TrOBOPA, NO OAHOMY W3 NPEACTaBAEHMI [pynnbl
Noperua. Tak OH Mpuwen, B YaCTHOCTH, K TOMY, 4TO BEKTOPHbIA U
CKanApHeIf NOTeHUManb! (/f, ¢),C 0AHOW CTOPOHbI ¥ NNOTHOCTb TOKa
W NNOTHOCTbL INEKTPUYECKOro 3apAAA (j’, p) — ¢ apyrown, obpasyoT
COBOKYNHOCTU BENW4YMH, NPeo6pa3yoWmnecA No TOMY Xe NUHeAHoMy
33KOHY, YTO ¥ COBOKYNHOCTH TPEX NMPOCTPAHCTBEHHbIX KOOPAWHAT K
BpeMeHu (X, f), TO ECTb BENMYUH, KOTOPbIM, KaK Mbl Bbt cedvac
cKazanu, nocne MHUHKOBCKOrO, COOTBETCTBYHT YeTbipexmepHble
BEKTOPbI MNN 18H30PLI NEPBOTO PaHTa .

® “Relativitatstheorie”, Encyklopadie der Mathematischen Wissenschaften, b, V,,
Hett 1Y, Art. 19 (1921), u3pano B Buae kuukn: B.[Taym, Teopus oTHOCHTENBHOCTH,
M.-JL: OFU3 - Tocrexuanar, 1947.

'° Haspanus npeobpazoganus JIopewya n epynna Jlopenya BliepBble QUIYPH-
PYIOT UMCHHO B 3To# paGote [lyankape.

35



[image: image17.png]EcrecteenHo, 4T0 OTCIOAA TaKXKe CNEAYIOT 3aKOHbI Npeobpaso-
BAaHNA KOMMQHEHT HANPAXEHHOCTEH 3NEKTPUHECKOro W MarHUTHOro
nonen (£, H).

DansHeiiwee pasBuTMe 3ITux uaen 6biN0 AaHO MUHKOBCKUM,
NOKA3aBWMM, 4TO KOMMOHEHTLI 3NEKTPUYECKOrO W MarHWTHoro
noneit 06pa3yioT 'WECTMBEKTOP” WAKM BHTUCUMMETPUYHLIA TeH3op
BTOPOrO paHra.

Ecau  unepyus  31eKTPOHOS UCKAIONUTEABHO  3AEKTPOMACKUTHOZ0
RPOUCXONOEHUR U ecau, KPOMe TO20, ORU NOOBEPICEHbL OeUCTRUI0 TOALKO
WMEKTPOMAZHUTHBIX CUA, TO YCAOGUE PABHOGeCUR TPEOYET, YTOObl 8HYTDU
31EKTPOHA UMENO MECTO COOTHOUIEHUE

.
f=0.

B cuny xe ypaBHennit (11) 3T0 COOTHOLUGHHME 3KBHBAIEHTHO YCIIOBHIO
ql
f'=0.

Cnedoeareasko, yCA08UA PAGHOBECUA INEKTPOHOE OT npeoOpaso8anus
Ne MeHAITCA.

* Noavspkrem, uTo MNyaHKape NpeaensHO ACHO NOHWUMAN, YTO MMEHHO
cuna flopenua, oTHecenwan K eannuue oBbema, RBRRETCA Benw-
YMHOW, COXPaHRIOWEN CBOW BUA NPW NEPEXoAe OT OAHON MHePUNanb-
HOW CUCTEMBI K APYTON.

Taxkum oGpasom, lNyankape 6Gbit NEPBLIM, KTO yCTaHOBMA
NPaBunbHbIE 3aKOHLI NPEOBPA3OBAHNA KOMNOHEHT CHN, AEHCTBY-
IOWNX Ha 33pRA CO CTOPOHLI 3NEKTPOMArHMTHOTO NONA, NpU npe-
obpazosanuAx [lopeHua. 3TO NO3BONMNO €My YCTaHOBMTL pPena-
TMBWUCTCKYIO MHBapUaHTHOCTL YCNOBMA YCTOMYMBOCTW INEKTPOHA
npu# BBeaeHrUN AONONHUTENBHLIX CUN, NOTEHUUaR KOTOPLIX NPONop-
uuoHaneH 06veMyY NPOTAXEHHOrO 3apAAA.

K coxaneHuio, croms npocTas rurnoTesa HempuemiieMa. B camom gene,
- ~
€CIH Mbi NPENIONOXHM, 4T0 v =0, T0 B cHry ycnosuit f =0 nomyuum

E=0
H, CIE[I0BATEMMHO,
divi3=0. 1ep=0

B

K aHaJOTHYHLIM pe3yNbTaTaM IPUXOMMM M B HauBonee obluem cayvae.

Taxum 06pasoM, KpoMe 3IMEKTPOMATHHTHBIX CHJI, HeoBxXooumo [o-
MyCTHTb elue APYTHe CHIibl, HANPUMEp CHIIBI CBA3M. 3aT€M GIEMeT HCKATh
YCNOBHA, KOTOPbIM JIOJDKHBI YIOBIICTBOPATH OTH CHIIbI WK CBAIM [yIA
Toro, 4ToGbi PAaBHOBECHE JNIEKTPOHOB OT NPeoGpa3oBaHMA HE HAPYLUANOCh.
310 COCTABHT [PEAMET OHOTO U3 CAeOy UIHX Naparpados.

§2. lpuunun HaMMenbWero ReACTBUA

UspectHo, KakuM 06pa3om JIOpeHIX MONYYHN CBOH yPABHEHMA, HOJNb-
3ysACh NpPUHUKIOM HanMeHbliero neicTeua. OnHako A CHOBA BO3BPA-
wach K 3TOMY BONpPOCY. XOTA B HE MOTY NMPHBAaBUTh 3[€Ch HUYETO Cylue-
CTBEHHOTO K MccnefioBanmio JlopeHua; s NMpeANOYNTAI MPEACTaBHUTb €ro
B HECKOJIBKO MHOM BHle, Gonee yIoGHOM 1Uist MOEH LeNH.

A1 nonarato

s o L)
,I=fdtd'r<¥ wg'A), (1)

2 a2

N
rae k, H, A, g ¥ 1. 4. NOAMMHAIOTCA yCIIOBUAM

divi=p, H=rotA, g =£—E+p§ @

* Beepexnan MyaHkape @yHKUMA JlarpaHxa 3NeKTPOMArHWUTHOrO
NoNA, B3aMMOABACTBYIOLErO C CMCTEMOM TOYeYHbIX 3apAAOB, OTnK-
4aeTCA OT NMPUHATOrO B HACTOALLEE BPEMA DENATMBUCTCKY UHBa-
PHUAHTHOTO BbipaXXeHnA

: | .
L=_z"iv*'lu”4#

Wb 3HAKOM, @ TAKIKe YteHaMu, NPeaCTaBNAIOLWLNMIA Cco60I0 YacTHbIe
npou3soaHbie NO BpeMEHWM WU NPOCTPAHCTBEHHbIM KOOPAWHATEM
M He NaWMMK BKNAAa B HTerpan aencteva J.

AeAcTanTtensHo, UCNONb3YA COOTHOWEHUA

i=— %iAgrad\p,divE=p,

*
37 A.A. Jlorynos 37



[image: image18.png]Haxoaum

- e aﬁ hd -7 a3 7 6:1
A’5=A(az+1)=A'l +T(A~E)—E-a: =
s 2 - > - >
:A-J+W(A-E)+E(E+grad«p)=
s s EPRE S A
=A+j—gp+E? + 5 (A-E)+ div (9E),

1 . d o . 2
Lityankape = 7 Fl + juAy + 5 (A*E)+ div (e ).

Mpu 3Tom cneayeT NOA4YEPKHYTL, YTO COBpeMeHHan opMy-
NUPOBKA MPUHUYNA HAMMEHLWErQ AEACTBUR B NPUMEHEHUH K 3NeK-
TPOMarHUTHOMY MNOAIO, MCXOAR M3 narpaHxeeoi yHKumu Buaa
L=—‘/4F,‘,,,, npeanonaraer CBA3b TEH30pPa HanNpPAXEHHOCTeH
Fu,= Foi=E, Fj=eplk c notenunanamu A, = (g, A)
8 cneayioweit opme F, =3,4, —0,4,, YTO IKBMBANEHTHO
B8bI60pY M3 4eTbIpeX MaKCBEAMIOBCKWUX YPaBHEHWA 3N1eKTPOMarHuT-
HOFO NONA Napsl YPaBHEHWH

N d 2 .o
ot =— a—H,dva=0
t
B KavecTBe ycnoBwii ceAaw. [lyaHkape, axtuyecku, BbiGupaeT

B KaYecTBe YCNOBMWI CBA3W WHYIO Napy ypasHeHuwih Makcsenna-
JNopeHua, a UMeHHO

I;=rotff W divfi=0, u divlf=p,

nonyYaA OCTanbHble KaK YPAaBHEHWA ABWKEHWA, chejylowuve U3
NPMHLUANG HaUMeEH bLIErO ACHCTBUA.

Yro Kacaerca HHTErpana J, T0 OH JIOJKeH GbITh paclpOCTpaHes:

1) OTHOCHTENBHO 3NeMeHTa 0ObeMa dr =dxdydz mo Bcemy mpo-
CTPaHCTBY;

2) OTHOCHTESBHO BpEMEHH ! Ha HHIEpBal MEXAy Ipenenamu t = to,
t=t,.

38

CornacHo NPHHUMNY HaUMeHbLIEro AeHCTBHA, WHTerpan J AomkeH GoIrs
MHHMMYMOM, €CIIH Da3fiMuHble BXOJALIME B HEro BETMMMHbI MOMMMHHTS:

1) ycnoshaM (2);

2) YCNOBMIO, UTO COCTOSHHME CHCTEMbI 337a€TCA V1A ABYX MPENE/bHBIX
MOMEHTOB t = Ig K =t;.

310 MOCHAenHee yCIOBHE fO3BONAET NPeoGpa3OBaTh HALIK HHTETDAIB!
[ipH IOMOLIH HHTETPHPOBAHHUA 110 YACTAM.

B caMOM JIefie, €CTIH MbI HMEEM HHTErpan BUAA

3(BSC)
—ar

Sdtdr A ran

rae C — OfHAa M3 BEJIMYMH, ONPEAENAIWKX COCTOAHHE CHCTEMbI, K 5C —ee
BapHANMA, TO, HHTETPUPYA €10 MO YaCTAM OTHOCHTENIBHO BPEMCHH, FONYHM

arABscl™" —sdrdr 2ABsC.
1=t ot

Tak Kak Jis ABYX Npe/ieNbHbIX MOMEHTOB BPEMEHH COCTOAHHE CHCTe-
Mbl 3amaHo, 10 8C =0 mpH t=tg, t =1t;; [OITOMY NEPBBIH HHTerpan
0GpaliaeTca B HY/Nb B OCTAaETCA TONBKO BTOPOH.

TOYHO TAK € MOXHO HMHTErPHpOBATH 110 YaCTAM M OTHOCHTENIBHO
X, y WK 2.

B camom mene, uMeeM

34
fA—ggdxdydzthfAdedzdt—fBﬁ-dxdydzdt.

TaK K4K MHIETPHPOBAHMSA PacHPOCTPAHAIOTCA 3MECH 10 GECKOHEYHOCTH,
TO B MIEPBOM MHTETPANIE NPaBOH YACTH CIIENlyeT NOJIONMTL ¥ = °°; MOITOMY,
B CMNy TOTO, YTO BCe Hamy (YHKUMM NpPeAfONAraloICA HCYE3A0IWAMH B
GeCKOHEYHOCTH, STOT MHTerpan GyAeT paBeH HyIo, H Mbi ONYYHM

84 __rpoA
fA e drdt=—[B ox drdt.

Ecu MpemioNoXuth, YTO Ha CHCTEMY HANOXEHbl CBA3H, TO K yCno-
BHAM, HATaracMbiM Ha pas/IMuHble BEJIMUMHBI, BXOMAUWE B uuterpan J,
CllelyeT APHCOSIMHHTD elle YCIOBHA CBAM.

Npupanum cHavana A npupaitienus 64 , 0TKyna

SF; = rot 81;
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[image: image19.png]Himeem N PR
8] = fdtdr{Hrot 84 —g-84] =0,

YOTK, HHTETPHPYA 1O YacTAM,
8 =[dtdr[84 tot H~g-84 = dtdrsA-(rot H~g)=0,
OTKYNI&, IPHPABHMBAst HyI10 KOXpHIMEHT Npy 54 , FIONyYMM
g=rtotH 6))
HHTErpHpys Mo YacTAM 3TO COOTHOLLEHHE, HaleM

fdf/fé=,fd‘r /f-rotli=fd‘rli'rot/f

Sdrdg =fari?,

OTKYy/ia, HaKOHe,

J=[dt df(i:2 ; iI’> )

. Orciona, a takxke w3 coorHouienunt (3) BHAHO, uTO 8 He 3aBMCHT OT
84, a, cnenosatensHo, u or 5H,Oynem BapbHpoBaTh Temeph mpyrHe nepe-
MEHHbiIE.

Boaspawasich k Bbipaxenuio (1), nonyyaem oia J:
8] = [ dtdr(E-8E _ A-bg)

Ho £ nomomenst NepBOMY M3 yCnoBHit (2), IPHHHMAlOLEMY IPH ITOM
BHA

div 6F = 8p. )
TMoaromy MOXHO HamHcaTs
8 = [ dtdr{ESE — A-8g — p(div 8E — 8p)). ©)

Cornacko MeTofiaM BapHALNMOHHOTO MCUMCIIEHHA, BHIMHCIIEHMe CIENYeT
NPOHIBOMHTL TAK, Kak ecii Obl ¢ Gbuta MpOH3BONMbHOM dyHKUMei, a §J —

40

NpeACTaBJIeHO BLIPAKEHHEM (6), ¥ BapHaUMH He NOOUMILLIHCH GBI Gomnee
ycnopuaM (5).

C f1pyroil CTOPOHBI, MBI HMEEM
2
at

OTKY/a, HHTETPHPYA MO YaCTAM, 1TOJIy4aeM

88 ===68E +8(pv ),

8]=fdtd75ﬁ(lf+%+€q>+fdtd7’(&p504/f«Sp'u;). (7

Ecim npeanosnioXHTs CHOEpBa, YTO 3NEKTPOHBI He NOABEPraloTcs Ba-
prauuam, 10 8p = 8(pv ) = 0, 1 BTOPO# MHTErpan paBeH HyJII0.

Tak kax 8J momkHa oGpalaThca B HyIb, TO

E+39{1+€¢=0. ®)

B o61ieM cryuae Gynem umeTh
8J = f didr (p5p — Abpv). ©)

OcraeTcs ONpPENENHTh CHIIBI, JEHCTBYIOLIHE Ha MeKTpoHbl. s 3roro
IPEAMIONOXHM, YT0 K KAXKIOMY NEMEHTY JICKTPOHA IIPHIIONKEHA JOIOIHH-
TeAbHas cuna —f dr. Hamuiuem ycnoBHe paBHOBECHS 3TOH CWIIBI C IIIEKTPO-
MarsntepiMu cwmamu. Tlyers &, &, & GymyT cocTaBnsiomwumu mepeme-
IUeHHs JMEMEHTa dr 3NEKTPOHA, NPHYEM IEPEMELLEHHe QTCUMTHIBACTCH
OT KaKoro-HUGyNb HaYaIBHOTO nomnoxeus. Ilycts, nanee, §¢ GynyT BapHa-
UMH 3TOTO NEpeMelleHHA; BHPTyanbHas paboTa, COOTRETCTBYIOLIAA HOMON-
HUTeNbHOH cHIle, paBHa

3
—ff-8kdr,
TaK 9TO0 yCI0BHEe PABHOBECHSA HAITMUIETCA B BHOE

8] =—[f5E drdt. 10)

Heobxonumo Teneps npeobpasosarts 8. U151 3TOro MOMBITACMCA CHaYa-
714 HAHTH ypaBHEHHE HENPEPBIBHOCTH, BHIPDKAIOLICE HEHIMERAEMOCTb 3aps-
Aa PH BapHALMH.
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[image: image20.png]Ilycrb #o — HavanbHOE MONOXeHHe EKTPoHa. IToNoxeHue ero B HaH-
HbI MOMEHT OyzeT

s >
r=rgt+E&.

BBeneM, KpoMe TOro, BCIIOMOTATE/IbHYIO [IEPEMEHHYIO €, IIPU IOMOLUK
KOTopoit 6yfeM BapbHpOBaTh HALUA pa3nMuHble GYHKLWMH, TAK YTO, HANPH-
Mep, V1A KaKoH-HHGyIb byHKuuu A GyneM umeTs

aA
8A =8e 5 3¢

TleficTBUTENbHO, MHE HEODXO/IMMa BO3MOXHOCTb Nepexona oT o6o3Ha-
YeHHit BapHALMOHHOTO HCYHCIEHHS K 0G03HaueHUsM obbrmoro audpepen-
OMANBHOTO KCUMCIIEHHA, KM 00paTHO.

Hamy QyHKUMH MOXHO paccMaTpHBaTh JIH6O 32aBUCALMMM OT MATH
NepEMEHHBIX X, ¥, Z, L, €, TAK YTO NPH H3MEHEHHH ¢ U € HabmlopaTesy Beerna
OCTaeTcA Ha OIHOM H TOM >e MecTe, — B 3TOM CAlydyae HX IPOM3IBOIHBIE
6ynem 0o6O3HauYaTh KPYINIBIM 3, JHGO 3aBUCSUIMMH OT NATH [EPEMEHHBIX
X9, Yo, Zo, {, € TAK YTO IIPH H3IMEHEHHH [ M € MBI CJTIENyCM BCETa 33 OHUM
H TEM e 3NeKTPOHOM — B 3TOM CJIyyae HX MPOK3BOMHbIe GyaemM 0Go3HavaTh
0GBIKHOBEHHBIM d.

Torpa Gynem HMeTh

- -

e e = AR e (a1

0603HauMM Tenepb uepe3s A (yHKIHOHAIbHBIA ONpPE/ENUTEND X, ¥, Z
OTHOCHTETIbHO Xg, Y0, 20

A, , 7)
a(xo,}'o,lo) a(ro)

Coxpaugisi €, ro (0, Yo, %o) TIOCTOAHHbIMHM, [aOHM { NpupauieHne
dt; torma r =(x, y, z) nonyuar npupawenus dr = (dx, dy, dz) n A—
npupauieHHe dA.

Taxum oGpa3om,

dr‘=v*dt,
A+dA= agr+dr! )
aro)

42

oTKYyIa

l+-1‘dA a(r+dr) a(r+udt)'
A ) 3¢)
Ortciofa noty4aem
1 d,_ . »
T A=dive (). (12)

Tak kak 3apAf Kax0ro AEeKTPOHa 0CTaeTCA MOCTOAHHBIM, TO

d
ar 2 =0, (13)
oTKyna
d d a -+
—— o+ pdi L p=—0p+yp .
dtp pleU 0, dtp atp v grad p,

2 L
o p +div(pv )= 0.

TakoBbI pasHuHble GOPMbI YPABHEHHsA HENPEPHIBHOCTH B OTHOLICHHH
NepeMeHHOM t. AHATOTHUHbIC YPABHEHHA MBI HaiilIeM M [UIA NEPEMEHHOH €.
Myctn

d >

8% =de— ;

£ =3¢ de‘é

CJIEdOBATE/IBHO,
5§=ae-%§+(a£-€)§, %)
1 d d > d _ ’
% T—dw(deg) ¢ P2)=0, 12"
dp R N L I Y (-
be de +pdv (85)=0, de P The p+(5€ gv)p,
5p + div(ps£ ) = 0. 3"
43



[image: image21.png]OTMeTHM pa3nuuie Mexjly ONpeNeNeHHeM 65 =6eg—e—§ u bp=

9
=8€“& £; 3aMETHM, UTO HMEHHO NEPBOC ONPE/CICHUE 6oree NOOXOOHT

k dopmyne (10).

310 nepsoe ompefeNeH¥e IMO3BONMT HaM npeobpa3eBaTh MeEPBbIH
wieH (9).

B camom pene,umeemM

[ dt drpbp = —f dt drp div(ps£ ),
WM, HHTETPHPYS TIO YacTAM,
[ dtdrobp = f dt drpdf *grad . 14)

TonpoGyeM Teneps BbMUCITHTD

)

8(pv ) = be- - ov).

3ameTHM, YTO PA MOXET 3aBHCETh TONBKO OT Xo, Yo, Zo- JeHCTBHTEND-
HO, €CTIM PAcCMATpPUBATD VIEMEHT JJIEKTPOHA, HAYAIIbHOE NOOXEHHE KOTO-
POTO ONpefenaeTcs MPSAMOYTONBHBIM NapalleNlenuneioM ¢ pebpamu dxg,
dyg, dzp,TO 3apAMl ITOFO JIEMEHTA paBeH

pAdxodyedzo,

2 TaK KaK 3apAd LOJDKEH OCTaThCA NMOCTOAHHBIM, TO

d d _
ET(PA)—E(PA)—O- (15)
O1clopa nonyvaem
d? 2 d( d ~> d ( d ~>
=— —E)=—(pA—&). 16
ad PP = PR ) = A e (16

Ho B cumy ypaBHeHHs HeNpepbIBHOCTM MMEEM IUI KaKoi yroaHo
yHKuHH A :
1 d

3 .
& A=At div (AD),

44

a TAKXKe

1 d 9 . d
N ?(AA):FE‘A +d1V(A EE>

CnenoBartensHo, (i = x, y, z)

LA d N 8l 4N, fd e d
A de ("A dr E’)"ae <p—EE>+dw(pEE.dt E’) an

1 df, d . \_ 3/ d ) d » ,
A dt(pA de '>_ at<pTi;E")+dwé’ '_dt E"’E“EI>~ a7

’
Bropele wiennt (17) u (17°) momxubl 6bITh OOMHAKOBBI, NO3TOMY,
[PHHAB BO BHUMAHHE, 4TO

au

Ad~_- . d » .2 ] 4 -
g £ Ser o E=BE, e o (ov) =8(ov),

nonyuaem
B(pui) + diviouidE ) =2 (p8E) + div (oo 88). (18)
[lpeobpasyem teneps Bropyo vacts (9); umeem
[didr As(pv )= f dedr [A,— %— (P8E) + A; divipv 8) — A; div(pv,ag‘)].

(30ecw APENnoiararcss CyMMHMpPOBAHHE MO TOBTOPAIOIWMMCA PIHHCKCHM).
Nocne HMHTETPHUPOBZHHKA 110 YaCTAM IpaBas 4YacTb NIPUMET BUL,

fdt dr[~pa£ . aat A— sk - V4 +pv,(a£-v')1,].

Benomuus xe, 4to
rotd =H,
N0JTyuM

fdt dr[—pag . aat A+ p(6E - v X 1?])].
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[image: image22.png]Takum 06pa3oM, OKOHYATETbHO
8] = f dt drpsi (\iw%/h [H x J]) = [dtdrpd§ (—E + [H X v ]).
IpnpaBHuBas KOIDPHUUKIHTBI IIPH 6’;’ B NOCNEIHEM BLIPDKEHHH H
B (10), monywm
f=oE+ ol X HJ;

a 9TO M €cTb He YIO MHOe, KaK ypaBHenue (2) Npenpyiyuiero maparpada.

§ 3. lpeobpasosanue Jopenna
H IpHHOHAD HAUMEHBIIETO neﬁCTBH’l

HOCMOTPHM, He YKa3sbIBaeT JIM TNpHHIUUI HAaHMEHBIIEro JIeHCTBUA Ha

NPHYKHY ycTliexa npeoGpasoBanuii JlopeHua. [ijia 3Toro npexrie BCEro HyX-
HO 3HaTh, KAK U3MEHHICS B pe3ysbTare 3TOro NpeoOpa3oBaHUs HHTErpan

(dopmyma (4) §2):
£ B
J=71dt dr( 5 )

Mbl HaXO[¥M CHayasa, 4ro

dt'dr’ = *dt dr,

¥60 1", y', 2, t' CBA3AHDI C X, ¥, 7, ¢ IMHCHHBIMH COOTHOILICHHAMH, ONPE/IENH-
TeRb KOTOPBIX paBe I* .
3areM nonyyaem

PE? =F + (R + B+ v + B) - 27 BEX AL, (1)
PH? = HE +y2(H2 + H2 )+ B (B} + E2)— 292 B X Hy
(popmyner (9) § 1), orkyna

p@ iy =i .

46

Taxum oBpasoM, nonaras

, B |
J = fdidr’ ——=,
/ 2

MOy YUM

J =]

Opxako 1A TOro, YToGbl 3TO PAaBEHCTBO MMENO CHIY, HEOOXOOMMO,
uT0o6BI Mpefesbl MHTETPUPOBAHMA B 0BGOHX CRyYasx GbUTM opHu M Te xe. Jo
CUX NOP MBI NPUHAMAIIH, YTO ¢ U3MEHAETCH OT £y O Iy U X, ¥, Z OT —° JI0
+o0, B pesynbraTe npeobpasoBaHust JIOpeHIUa 3TH Ipefesibl HHTEr PHPOBAHUA
OynyT WM3MEHEHBI; OfHAKO HMYTO HE MELIAeT HaM IOJIOXKHTb to = —° H
t; = +o°0; IIpH 5THX ycrioBRAX npepenst mia J uJ  ocranyrcs e xe.

CpaBHMM Temeph 0Ba CACOYIOUMX BBIPAXKEHUA, aHalorHuHbX (10)

§2:
8] =—f f-6£ drds,

R @
8] =—ff'-8¢" dr' df.

> -
Hna at1oro cpapumm chavana 88 u 8%’ Bynem paccmaTpuBath EKTPOH, Ha-
YaJibHble KOOPIHHATHI KOTOPOTO PaBHbBI X g, Yo, €¢; TOrJa B MOMEHT t

P -

r=ro+¢&.

PaccmatpuBas 3meKTPOH COOTBETCTBEHHO Hocne npeobpasoBaHus Jlo-
peHna, OyneM uMeTs

' =yx — B, ¥ =y, 2 =1z,
rae
4 s 3,
r=rot+é¢,
HO 3TH KOOPMHATE! GYRYT JOCTUTHYTHI TOJIBKO B MOMEHT

£ = l(t - fx).
47



[image: image23.png]> u
EClH Mbl TOMBEPTHEM HAUMM NEPEMEHHbIE BAPHAUMAM SE H OJHOEpe- KPUTUYECKUA aHanu3 NOHATUA OAHOBPEMEHHOCTH W Pa3BuTa wuaes

MEHHO MA/IMM ! MpUpAlieHue 51, To KOOPMMHATEI v. v. 5 [OJMyHaT MONHOE 0BYCNOBREHHOCTU (UINYECKUX NPEACTABNISHAN O BPEMEHM C xapaK-
npHpaieHHe: TEPOM NPUYNHHO-CNEACTBEHHBLIX CBA3eH. (IpuBeaeM B 3TOW CBA3M
ABa BLICKA3bIBAHWA MyaHkape U3 310M paboTel.' '
8 =85 + o6t “TPYAHO OTAENNTH Ka4YeCTBEHHYH NPOBNEMY 05HOBPEMEHHOCTH
OT KONMHECTBEHHOI NPOBNeMbl N3MePeHUA BpeMeHu.”
AHanoruuno Gyner "Mb) He MOXEM HENOCPEACTBEHHO Ha OCHOBE MHTYULWM onpe-
AENUTL HA OAHOBPEMEHHOCTb, HW PABEHCTBO ABYX RPOMEXYTKOB
&r =8 + 181 spemenn.”
B cuny npeo6pa3zobanua JlopeHua, 3ameTum, yTO
5x' =yl(8x . B51), 8v' =18y. 87 =18z, 61" = yI(5t - Bbx), L wx =B, vy g Yz
: ; Ot — =y T
1 - Buy I —Bey — Bux

OTKY/Ia, nosaras 8t = 0, 07yYnM COOTHOUIEHHUs ,
fIOJTOMY, 3aMeHAA 8¢ ero 3HaueHHeM, GyIeM UMeThb

Sx =B8EL + vibl = iBE,.
v Ok B =t M~ Br) By = BEL( — Boy) — (v - BYIBOEs
(1 - Pry 65,\' = SE\:(] = Bry)— ”}*Iﬁssx B

I = Bro) 88, =85, (1 — Prx) — v, IBOE,.

8y = 55_,',+ r»",&t' =16,

8z =8k, +uyd1’ = I8k,

81" = —yIpsE,
- Bcnomunas onpenenenve vy, NoxyuuM oTcoaa

- ’

* MpuBeaeHHbIE 346Ch BLIKRAAKU MPAMO yKa3biBaOT HA OTHOCHMTEML- 8k =l ta - Box Wy
HOCTb MHTEPBAJIOB ANMH W BPEMEHW, U3MEPEHHBIX B PA3ANYHBIX et o R
MHEpUManbHbiX CUCTEMax KOOPAWHAaT. B uyaCTHOCTW, nepsoe W3 8 =17 88, — 717 Brybky,
aTux c?OTNomeHMﬁ MOKa3bIBAET, 4TO WHTEPBAN NMPOAOALHBIX Pac: BE, = 1 5E — i~ osBEL
CTOAHUMW, ONpeRenAeMbld PasHOCTLIO NONOXEHUIA ABYX TOYEK BAOAb z 2= Y PrzOy

ocu x (8&y), M3IMEPEHHBIX B OAMH W TOT e MOMENT BpeMeHn (51 = 0)

B HEKOTOPOW ABVXYLWENCA CO CKOPOCTbio 3 Bn]?nb OCU x MHepuMans: OTKy/a
~ p— 2 -2
HOM cucTeme, cokpawaetca s [y= [ (1 - §%) pas no cpasHeHWUo P o , X , s -1 , o
‘ . = 8t + [ 88+, -l [}
CO 3HayeHMeM 3ITOrO WHTepBana (8x') B MOKOALUEHCA cuUCTEME. Jo5 =170 88 f.“ 65}’ frr38) =7 8 Ex(f v).
CBOMCTBO OAHOBPEMEHHOCTH B NOKOAUYEHACA CUCTEME KOOPAWHAT .
, B cun ;
TEPAET CBOKO CUNY, Kak Kak 8t = —vifs¢, £ 0. 3Ta peanusosanHan y ®e ypapHenuit (2) byiter

B npeobpasosaHuAax JlopeHUa OTHOCMTENBHOCTE OAHOBPEMEHHOCTM
ABYX (M3INMECKMX COBbLITWA, PABHO KAaK U OTHOCMTENBHOCTL haKTa
PaBeHCTBA ABYX MHTEPBANoOB Bpemenu, BbiNa 3amevatensHbiM obpa-
30M nNpeasocxuwena lyaHkape B onybnukoBanHoit um B 1898 roay
cTatbe ''UamepeHue BpemeHw’, B KOTOpoW 6bin gaH rny6oxwit

FfSE Al = 1 [f8Edidr’ = 116 didr.

"' Adlyanxape. Mamcpende mpemenn. — Revue de Metaphysique ¢t de Morale,

1898, t. Y1, p. 1-13 ([fepeson ¢ Opanu. U.C.3apy6unoi.)

19 4 A.A. Jlorynos 19
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3amensia f -5¢ Ha ero 3Havenue (3), nomyunm

5K = —WBG), £ =175, f= 175,

T. ¢ ypapuenus (11) § 1.

Taxum o6pa3om, IPHHIMN HauMeHbIUErO AEACTBHA NPHBEN Hac K TOMy
e pe3yNbTary, YTo M UCCIenoBatue § 1.

Al He Mory 3aech NPUBECTU BCe NPeKpacHble Pe3ynsTaTel, nonyueH-
Hoble TMyaHkape. Bce ke noavepkHem HekoTopble U3 Hux. Mpexae
BCEro, OH HE OrPaHMMUNCA MOKa3OM TOrO, YTO PENATMBUCTCKMUE
npeobpasoBaHMA OCTABNAIOT HEN3MEHHON hopMy 3NeKTPOMArHUT-
HbiX ypaBHeHwi. OH OBbACHAET ycnex NoACTaHOBOK TeM, 4To 3T
YPABHEHWA MOryT GbiThb NpeacTaBneHbl B OpME NPUHUMNG Haw-
MEHbIIEro AENCTBUA, U YTO iYHAIMEHTaNLHOE ypaBHEeHWe, Buipaa-
toliee ITOT NPUHUMN, a8 Takxke ONEPauUnH, C MOMOLLBIO KOTOPLIX
BLIBOAATCA YDAaBHEHWA NONA, OAMHAKOBLI B CUCTEMAX x, ¥, z, £ W
oy,
x,y,5,t.
.A.NopeHy
Ase craton Anpu MNyankape
0 MaTeMaTuyeckoi duanke.! ?

O6pawmascs k dopmynam (1), MbI BHOMM, UTO B pesymnsTate npeobpa-
3oBanusa JTopeHua Boipaenne

N

B —ip

32 HCKIOYEHHEM NOCTOAHHOFO MHOXHTENA, OCTATOCH HEH3MEHHbIM; 3TOro
HENb3A CKa3aTh O BBIPAXKECHHH

-

.
E* + H?,
BXOISIIEM B JHEpTHIO. Ol‘paHl{‘lﬂBaﬂCb Cly4yaeM JOCTaTOYHO MaJIoro ﬁ)lﬂﬁ

TOro, YT06bl MOXHO ObiT0 NpeHeGpeys ero KBaapaToM, T. €. cuMTad y = |
o mosyiaras Takxke I = 1, MbI HaxouM

B = - op[Ex HY,,
B = — 8 (Ex H),

' Deux memoires de Henri Poincare sur la physique mathematique, Acta math.,
1914, vol. 38, p. 293.

50

W, CKNaabiBas,

B+ B =F + B s [Ex A},

§4.Tpynna Jlopenna

"B ocHOBE CNeUnansHON TEOPUN OTHOCHTENBHOCTH NEXKUT MaTeMaTu-
4ecKoe NOMATUE rpynnb’’. '
B. Naynu

Baxaio oTMerHTs, uTO npeoGpasosanua JlopeHua obpasyior rpymmy.
B camom nene, nonaras

x' =l - ) y' =k, 2" =L,
1 =it - fix),
H, ¢ IPYTOA CTOPOHBDI,

1t

X” ='y'l'(x'—5't'), yll =l'y’, Z” =17

= ‘Y’Il(t’ __ﬁixl).

THe
Yi=1-Fa=1-67
Nonyyaem
x" ="' - B’y =1"y, 2" ="z,
" =4"1"( - B'%),
roe

B8
Bﬂ:—H—ﬁB,—,l'—l:,

7n= 771(1 +BB’)= ———ﬁ .

'? B.Haynu. Teopusi OTHOCHTENBHOCTH M Hayka. OnyGnHKOBaHO B XypHane:
Universitas 1958, 13, p.p. 583-598.



[image: image25.png]Ecmn Mbl npupapum [ 3HaveHne 1, cuMtas f  GeCKOHEYHO MajlbiM,
T7.¢. ONIOXHB

P=F reni =148

TO NONYYHM
bx =P, 8y =62=0,5¢= —fx.

I10 H €CTs TO GeCKOHEYHO Majloe NpeobpasoBaHye IPyMbl, KOTOPOE A

Ha3oBy npeobpazosakrem Tj u KOTOpOE, cornacHo JIH, MOXHO NPeNCTaBUTH
B BHIE

O By _
tax ”a: =Te

Hanpotus, nonaras § =0 ul= 1+ 5l, MbI HaitneM
b&x =x8l, &y =ybl, 8z=z581, &t=16]

U nonywnm apyroe GeckoHeyHo Manoe npeoGpasoBanue T, rpynmsi (pac-
cMatpuBas ! ¥ § xaK He3aBMCHMble MepeMeHHbie). KOTOpoe B 0603Haye-
HuAX JIM MOXHG NpeNCTaBUT B BUOE

_ % d¢ o dp
Top = xa+y$~+zg+ v

MpunaBas ocoGeHHyio PoNIb, KOTOPYIO [0 CHX NOP MIpana och X, OCAM
¥ ¥ z, NONyYaeM TaKuM 06pa3’oM [1Ba JIpYrHX GeCKOHEUHO Manbix npeo6-
PasoBaHHUA

_,8 By
Tap=tg+yar
%
ot ’
KOTOpbI€ TOXe He H3MEHAIOT ypaBHeuii JlopeHua.

MoxHo obpa3zoBarh passuHble KomGuuauuu, BBeueHHble JI, Hanpu-
Mep:

9
Tsif’:f‘%"’l

dp 2
[Ty, Tilo= xgh—y3%.

Jlerko, 0OHAKO, BHAETD, YTO 3TO NOCHEdHee npeoGpa:iosam{e 3KBHBA-
JICHTHO npeoﬁpasosaumo oceit KOOp/MHAT, KOrJa OHH HOBOPAYHBAKTCA
Ha BeCbMa Mabid YTOJ BOKPYF OCH 2. Mbl He ROMKHBI NOITOMY YUHBAATD-

52

¢, ecnd nogoGHoe mpeoGpa3oBanye He H3MeHAeT ¢opmbl ypaBHenuit Jlo-
peH1ja, OYEBUIIHO, He 3aBHCHMBbIX OT BEIGOpa OCe.

Wrak, Mbl TIPUXOIHM K HEOGXOOMMOCTH PACCMOTPETb HENpEPHIBHYIO
rpylly, KOTOPYK Mbl HasoBeM epynnoil JIopenya B KOTOpas MOMYyCKaeT
caenyoume 6eCKOHEYHO Mastble Npeobpa3oBaHHsA:

1) npeoBpazopanne T, KOTOpoe GyAeT NepecTaBHMO CO BCEMH OCTallb-
HBIMH

2) tpu npeobpazoBarusn Ty, Ty, T3,

3) pu Bpawesus [Ty, T, ], [Ty, T3}, [T, T4 ]

JhoGoe u3 mpeoGpa3oBaHuii ITOH TPYHNBI MOXHO Pa3IOXHIb HA Lpe-
obpa3oBaHue BUOA

x'=by ===

M JMHeRHOc Tpeobpa3oBaHMe, HE H3MEHAWIIEE KBAAPATHYHOH (GOPMBI
x2+yrtz— 1

MbI MoXeM Takke 06pa3OBaTh HAILY TPYNIY HECKONBKO MHBIM CHIOCO-
6om. Kaxpoe npeoGpasoBaHue rpyIibl MOXKHO PacCCMATPHUBATh KaK Npeod-
pa3oBanne BUAA

x'=yl(x - 1), y' =1y, 2" = Iz, ' = yl(z —px), Q)

KOTOPOMY NpPEALIECTBYET ¥ 3a KOTOPBIM Clie/lyeT COOTBETCTBYIOLIHMI IOBO-
por.

OnHako A Hallled UENH JOCTATOYHO pPAacCMOTPETh TONBKO YacTh
npeofpa’oBaHuii ITOH rpynmbl; OymeM cumTath, 4o /ecTh GyHKUMA OT §,
# BbibepeM 3Ty GyHKIMI0 TaK, 4rofbl T2 YacTh IPYMNbI, KOTOPYW st 0Go-
3Hauy yepe3 P, Bce elle 0Opa3oBbIBANIA FPYIINY.

Bpawas cucremy Ha 180° BOxpyr ocu ¥, MBI mONMywnM npeofpasona-
HHe, KOTOpPOE ONATh NO/DKHO MpuHajyiexath K P. Tak kak 3To npuBOOMI
K H3MEHEHHI0 3HaKa X, X', Z, K Z’, TO MBI HAXO[AM

"=qlx +B),y =1y, 2" =1Iz, ' = it + fx). )]
Crnenosatensho, o1 Nepemedbi 3Haka f, ! He meHserca. C ppyroi

CTOpOHbL, ecnin P ecTh Ipymia, T0 NOACTaHOBKa, obpatHasa (1), xoropyw
MOXHO fIPEACTABATD B BHAE

X =JetBy Y =y = = Her ), ®

*
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[image: image26.png]TAKOKe JIOJDKHA TpWHAZjexats K P; oHa [OMXHa 6biTb,TaKMM 06pasom,
TOXIECTBEHHOH (2), T.e. !

=1
=1

CneposarensHo,! = 1.

§5. Boanu Jlanmesena

QopMyIbl, OnpeReNsAiOLMe VIEKTPOMATHATHOE NOJIE, OBYCIOBNEHHOE
IOBYOKEHHEM OIHOTO 3MEeKTpOHa, GbUTH NpelcTapieHbl JlamkeBeHOM B 0CO-
6eHHO H3AMHOI Dopme.

PaccMorpuM cHOBa ypaBHeHHA

Dy ==p,

HspectHo, utO PELICHUA MX MOXHO MOJNYYHTb NPH NOMOLIM 3ana3sfipl-
BaIMX NOTCHUHANOB

wd=—pV. Q)

__1 pdry 5 1 Pl]?ld‘fn
o=l A= r ' @

B atux popmynax

dry =dxydy,dzy, P=E-x1) +@ -y +@-2,),
TOrAA KakK p; H 61 — 3JHAYEHMA P M ¥V 5 rouxe %1 = (1, Y1, Z1) H B MOMEHT
H=t-r

>
Tycte 7 = (Xo, Yo, Zo) — KOOPMMHATDI IeMEHTa 3NEKTPOHA B MOMEHT
to; TOrma

ri=roti

GYMYJ ero KOOpAMHAaTaMH B MOMEHT 4.

E= (¢, £ £ ) — dyukImE X4, Yo, Zo, !, TOITOMY Mbl MOXEM Ha-
IMcaTs

> > >
dFy =dFo + (dro Ve + ¥, - dt,
" Y, €CITH CUMTATh £, @ TaKXe X, Y H Z NOCTOAHHBIMH, TO

> >
r—r,
r

dt, = dF, -
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CneoBaTeiibHO, NONyYaeM

> 3

d;1 +i;l<d;l N rl_r)=d7o+(d;0'vr )E

= dxodyodz, ByneM nMeTh
3(Fo+E)

ESE P +(f")(r _r)f

Vccnenyem onpefienuTeny, cToamMe B obeux uactax (3), ¥ npexne
BCErO TEPBbIA M3 HUX; PA3NOXUB €O, Mbl YBHIMM, YTO WIEHDBI 241 u 34t
CTeTIeHH OTHOCHTENBHO V | OBpalaoTca B HyNb, U ONPEeIUTENb PABEH:

-7
)|—1+w

Taxum o6pa3omM, ronaras dre

=dr, det 3)

drg

3
detld,; +( Vu) (

rge w— pagHajybHas COCTaBIANLIAA CKOPOCTH ? s T.€. Socrannxmuxaa,
HalnpaplieHHasd 110 paauyCy-BeKTopy, COCIHHAIONIEMY TOYKH 7 HT .

Jna toro 4ToGBI MOMYUHTH BTOpOH OfIPEAETIUTEND, HalgeM KOOpnﬂ-
HaThl PA3JHYHBIX 3]IEMEHTOB 3J/IEKTPOHA B MOMEHT t' s ONMHAKOBBIA HIA
BCEX JJIEMEHTOB , OfIHAKO TAKOH, yrobp1 i Habmof1aeMoOro 9J1eMEHTa
= I3 1- Torpa KOOPIHHATHI 37IEMEHTOB HPEACTABATCA B BHOC

> 1_2
n =’0+g,

T s . '
> £ [oMyvaroTCsA H3 £ 3aMeHOM £y Ha t'y.
Tak kax t’l OHO M TO Xe€ U1 BCeX 3JIEMEHTOB, TO

&, =dbo + (dre'V )

M, CIIEOBATENBHO,

. Ao+t
d71= dTo > 5
(7o)
Tae
dr'y= dx'dy'dz -

Ho anemeHT 37eK TpM4ecKoro 3apana paBeH
'
dyy =p1dry,
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[image: image27.png]1 CBEPX TOTO 048 HAOAI00GEMO20 31eMeNTa IMEKTPOHA 1) = £ ,a nosromy
> *, >
(V,-w )‘Ej - (V’o ){%
Mbi MoXeM, creoBaTebRO, HAaIACATh
?>.
AGotE)
3GF)

TaK 9TO ypaBHeHHs (3) u (2) nepemmiuyTca B BHE

duy = pydro

prdr(1+ w) =d;11,‘)

_ i dy, x 1 Vidu, .
= 4n” r(l+tw)’ A= 41rf r(l1+w) - )

Korga Mbl UMeeM [ENI0 TOMBKO ¢ OIHHM MIEKTPOHOM, TO HalIM MHTE-
Tpasibl CBERAYTCA K OHOMY WIeHY, eClIH PacCMaTpUBaTb TONbKO TOUKH X, ¥,
2, MOCTATOUHO YNasieHHbie 1A TOTO, YTOGbI r M () MMENH TOTIa OITHO M TO XKE
3HaYeHMe JUIA BCEX TOYEK ek TpoHa. [loTeHuMans! v, A 3aBucAT T gonoxe-
HUA 3TOTO IEKTPOHA, & TAKOKE OT ero CKOPOCTH, HGO He TONbKO ¥ | BXO-
OAT B YHC/IMTENH BbIpaXkeHHit A , HO M B HX 3HAMEHATENN BXOIMT TAKOKE H
panHaibHasg COCTABNAMIAA w.PasyMeeTcsi, peub MIET O NONOXEHUH H CKO-
POCTH 371eKTPOHA B MOMEHT £,

YactHbie npoussonmie OT 9, A Ho f, X, ¥, z (3, CNeAOBATENbHO, JAEK-
TPHYECKOE M MArHHTHOE NonsA) GyAyT 3aBHCETb, KpOMe TOTO, U OT €ro
YCKOPEHHA; MPUTOM 3Ta 3aBUCHMOCTh OYHET /UKENHOM, TAK KaK YCKO-
peHHe BOHHET B MPOM3BOMHbIC TONBKO OT ONHOTO OM¢dEpPeHUMPOBAHHA.

Jlamkesen npywen TakuM 06pa3oM K HeOGXOQMMOCTH pazuuaTh B
ONEKTPUYECKOM W MArHMTHOM TIOJIe WIEHBI, He 3aBHCALE OT YCKOPEHMSA
(10, 9TO OH Ha3bIBAET BONHOH CKOPOCTH), ¥ WieHbl, IPONOPIHOHATIBHEIE
YCKOPCHHIO (BOJIHA YCKOPEHHA) .

Beruncnienne 3THX IBYX BOJH CHIIBHO YrIpoluaeTcs Gnaropaps npeoG-
pasoBannio Jlopenua. B camom fernie, MbI MOXeM IPHUMEHMTb 3TO TpeoG-
pasoBaHHe K CHMCTeMe TaKuM o6pa3oMm, yToObl CKOPOCTh PacCMAaTpPHBAEMO-
10 )CKTPOHA CleNnanach paBHOW Hymo. BeiGepeM JUIA OCH X HampamiieHHe
3TOH CKOPOCTH JI0 NMpeoGPa3OBaHKsA, TAK UTO B MOMEHT £

('”l)y =), =0,

u nonoxum = (U, )X , TaK 4IO

Mb! MOXEM TAKHM O0PaIoM CBECTH BBIMMCHEHHE IBYX BOJH K C/y¥alo,
KOIJia CKOPOCTb JEKTPOHa paBHa Hynio. Haunem ¢ Bonubl cxopoctu. [pex-
fie BCETO 3aMETHM, 4TO 372 BONHA Gy/eT TaKo# Xe. KaK W TIPH paBHOMep-
HOM JIBH)XEHHH IeKTPOHA.

Ecnu ckOpocTh 371eKTpOHa paBHa HyJlio, TO

w=0, 4 =0, ¢=§r‘—,

e 4— 3apsfl MMEeKTPOHa.
Tax kak cKOpOCTh 311eKTPOHa CBEACHA K HYJIIO B pedynbTate npeobpa-
3oBanu Jlopenua, to

%1 ’ My
A'=0, ¢ = el
r R
roer — PACCTOAHHE MEXY TOUKAMM 7 M 7y R, ClIeI0BATEJILHO!
N
H'=0.
X L} T
E = W(r —rn).

, A% HAXOXMMEHMA WCTMHHONO TNOJIA, TOOTBETCTRYIOWErO CKOPOCTH
vy = (B, 0, 0), npumerum teneps mpeobpasosatue, 06paTHoe NpeoGpasosa-
Huto JTopeHna.

O6pawasce k ypassenusm (9) u (3) § 1, Haxogum

A=, x ],

> M > > >
o 3
k= PN Cy Pl =) -0 - )] (4)
JleTko BHIETH, YTO MarHMTHOE MONe MepPNeHIMKYAAPHO K OCH X (Ha-
P
NpaBJIEHHIY CKOPOCTM) H K JACKTpHYECKOMY TNOM0, NPHYEM TOCTIe[IHee
HanpaBJIEHO K TOUKe

Fi-o, -, (5)

Ecim 6b1 2neKTpoH Npononkan [BHTATLCA PABHOMEPHO W TIPAMOIH-
HEAHO CO CKOPOCTBIO, KOTOPYI0 OH MMEJN B MOMEHT 7, T.¢. CO CKOPOCTbHO
¥y = (8,0, 0), 10 3710 TOUKH (5) OH DOCTHT BBl B MOMEHT f.

lepeiinem teneps k Bomme yckopewna; Gnaromaps npeoGpa3oBaHuio
Jlopenua mbi Moxem cBecTn ee onpenenenme K Ciyualo, KOraa CKopocTh
PaBHA Hym0. JTOT CiTywalt MOXeT GbiTb OCYMIECTBIIEH, €CIIH NPENCTABRID,
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[image: image28.png]YTO WMICKTPOH COBEpLIaeT OueHb ObICTpble KoneGaHWsA BechMa Manoi am-
TUIHTY/IbI, TIPH 3TOM NEPEMEILEHHA H CKOPOCTH OylyT GECKOMEYHO Manpi-
MH, 3 YCKOpPeHHA — KOHeuHbIMH. TakuM 06pa3oM, Mbl NPHXOOMM K Ciy-
4al0, H3yYeHHOMY yxe I'epueM B ero 3namenutom Memyape “Die Krafte
elektrischer Schwingungen nach der Maxwellschen Theorie” (Cumbl anek-
TPHUECKHX  KoneBaHmit No Teopud MakcBenna), s oueHb YRANIEHHOM
ToukH. [IpH 3THX YCNOBHAX VIEKTPHUECKOE H MArHMTHOE NONA GyayTt:

1) paBHbI ApYT APYTY;

2) B3aMMHO NepleHIHKYIAPHbI H

3) nepneHAMKYNApHLI K HOPMaiM BOIHOBOH cdepbl, T.e. chephl ¢
HEHTPOM B TOUKe 7; = (X1, V1, Z1).

Al yrBepXpal, YTO 3ITH TpH CBOHCTBAa OyXyT MMETb MECTO TaKXe M
TOrAa, KOIAA CKXOpOCTh He GyleT paBHa Hynio. s atoro MHe QocTaTouHo
NOKa3aTh, Y10 OHH He HIMEHAIOTCA OT npeobpazosanua Jlopexua.

B camom nene, nycts A ecTb obuiee HanpskeHHe 0BOMX MOJeH U NyCTh

G-F)=ra R?=1

Yka3aHHble CBOHCTBA BbIPDKAOTCA PABEHCTBAMH

Ar=E =47,
E-G-)=0H-¢G-F)=0,
E#=0H =0,

npuuem
Eja, Hian
GYHYT HalpaRiMOUMMYU BEKTOPAMH TpeX NEPNEeHIMKYIAPHbIX HarpaBie-

HH.
O1ciona nosyyaemM COOTHOUIEHUSA

E=pHxhLB=1hx E)

fE:[;,X (’_-’rl)]’ (6)

ri=—Ex =)l
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O6patwasnch K ypaBHeHUsaM (3) § 1, mbi Haifinem

X' —x =yl - x,) =Bt — )] =7Il(x ~ x,) =B},
Vi=n =y -y1), )

2 =z =1z - z,).

Mbl Halwy Bbile B § 3:
> > >
PE -y =@ - ).
Fa_fr2 s 2 B2
Cnenosatensho, paBeHcTBO £ 2 = H ? priever 3a coboi £'? = ' |

C [pyroil cTOpoHbI, HCXOAA M3 ypaBHehHit (9) § 1, monyuaem cooTHoLe-
Hye

PE-B=EF,

> > -)l >
KOTOpOe NOKa3blBaeT, uto ecnu £+H=0, 10 £/ -H' = 0.
A yTBepxaa0 Teneps, 410

B¢ -Wy=0, ¢ —V0 . (8)

B camom fiene, B cuny (7)), a Taxxke (9) §1, neBbre yacTH 06ouX ypas-
HeHHi (8) MepeimMULyTCA COOTBETCTBEHHO B BHIE

FEt )~ ) - I - (R0 ),

e Y 7 £
(=) = b0 + 16, 1) X ED,
HO, COrjlacHo YpaBHEHHAM
> > > >
E-GF) =R =0,
a8 Takxke ypasHeHuio (6), OHM 0OpAlANTCA B HyNb, YTO KaK Pa3 M HYXHO

6b110 oK a3aTh.

Bripouem, k 3ToMy e pe3ynbTary MOXHO MPHATH, HCXOIA K3 IPOCTBIX
€O0GpaxKeHHil OHOPOIHOCTH.
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[image: image29.png]B camom pene, v, A — onnoponssie  GbyHKUMH OT

&,
dt,

CTeneHH - | OTHOCHTCIIBHO 7, 7, 7y, 1, H HX gubodeperumanon.

Tq)KHM ,00pa3om, npouspomusle w, A no ')r, t (a cnemoBatenbHO, 06a
nona £ w H 6ynyT ogHOpONHbIMH GYHKUMAMH CTENEHH — 2 CTHOCHTEND-
HO Tex e BEHUUMH, €CIM Mbl BCTIOMHHM TIPH 3TOM, YTO COOTHOLLICHHE

t-1,=r=fr1

ORHOPOIHO OTHOCHTENIBHO ITHX BEITHYHH.

Ho 3TH mpou3BoaHbie WK MONA 3aBHCAT OT 7‘—;, , CKOpocTe# dry/dty n
YCKOpPeRHit dt;,/dtzl; OHM COCTaBJIeHb! M3 WICHA, HE 33BACALIETO OT YCKO-
peruii (BOMHA CKOPOCTH), M WIEHA, INHEHHOTO OTHOCHTENBHO YCKOPEHHI
(BonHa yckopenuit). Mpoussonman df,/dt, ects ONHOPOJHAA YHKUMA
crenenu 0, a d”n /dt} — crenemn — 1, OTKY/Na CJIEdyeT, YTO BOJIHA CKOPOC-
TH €CTb OHOPOAHAA GYHKIMA CTENEHH — 2 OTHOCHTENbHO (77, ), 4 BONHA
YCKOpeHusa — opHoponHas ¢yHkuma cremenm — 1. Takum obpasom, B
BeCbMa Y/IaJIeHHOR TouKe MpeoGnajaer BONHA YCKOPEHHA, KOTOPYIO MOX-
HO pacCMAaTpHBaTD, CIIZIOBATENIBHO, KaK MONHYIO BOJHY.

KpoMe Toro, 3aKoH 0IHOPOJHOCTH NMOKA3bIBAET HAM, YTO BOJIHA YCKO-
pPeHHsi B NPOKM3BOTIBHON TOouKe momobHa camoil cebe B yAaIeHHOM TOUKE H,
CNeNoBaTeNbHO, NOJOGHA NOMHOI BoMHe B yaaneHHod touxe. Ho tak kak B
YOIeHHOH TOUKE BO3MYIISHHE MOXET PacpOCTPAHATHCA TONBKO B BHOE
IJIOCKHX BOJIH, TO 06a Monsa Ao/l GbITh paBHBI APYr APYTY, B3aWMHO
TePNEHOMKYNAPHbI M NEPNEHIUKYNAPHBI K HAMPABIIEHHI0 paclpocTpaHe-
HHUA.

S orpaHH4ych 3THMH COOGpaKEHHAMH, OTCHUIAA HHTEPECYIOILMXCA Oe-
TanAMH x MeMyapy Jlamxesera (Journal de Physique, 1905).

> > >
re—ru =

§6. Coxpamenue anekTponon

MpencraBuM cebe 3MEKTPOH, HAXOOALMACA B PaBHOMEPHOM M TPAMO-
TIMHEHHOM MOCTYNATENbHOM [BrkeHuH. CornacHo ykasaHHOMY Bblilie, Mo-
XKHO, TIPH TIOMOLM NpeoGpazoBanus JlopeHua, cBECTH H3yyeHHe nosd, o0y-
CIIOBJIEHHOTO ~ 3THM 3JIEKTPOHOM, K C/Y4al0 HEMOZBHXHOTO JNIEKTPOHA;
TakHM 006pa3oM, npeoGpasoBanue JlopeHna 3aMeHACT peaibHbIA ABHKY-
INMACA  MEKTPOH HEKOTOPBIM BOOGPDKAEMBIM HEMOGBIKHBIM JNEKTPO-
HOM .
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> > > >
Tycts &, H — peanshoe none 1 £', A' — rnore, nonyuatoieecs mocne
npeoGpaaosaH}m HOPEHUA, T.. COOTBETCTBYIOLLICE HENOABH)XKHOMY 3EKT-

poHY.
Torpa uMeeM

=0

¥ IS peayibHoro nona (cornacko gopmynam (9) §1)
H =0, H =—E,H, =E,

= d =2 = 2
E, =PE,E, =vE,E, =E,. 6]

Onpepenum cedYac MONHYI0 JHEPTHIO IBIKEHHA JEKTPOHA, a Takoke
COOTBETCTBYIOMIEE [EHCTBHE M JIEKTPOMATHHTHOE KONHUECTBO [IBHXKEHMA,
yTOGbl 34T€M MEPEHTH K BBIMHCICHHIO IEKTPOMATHUTHBIX MacC JMEKTpo-
Ha. JIns y#ameHHOH TOUKH JOCTATOUHO PAaccMaTpHBarh MEKTPOH B BHMC
OJIHOH TOUKM; TaKMM OBpPa3’oM MOXHO CBECTM BCE BRIMMCIEHHE K GopMy-
nmam (4) mpedbioymero maparpada, KoTopble, BOOOUIE rOBOPS, OKaXyT-
¢a npuropibivi. OfHAKO 3%ech OHM OyMYT HeIOCTATOUHBI, TAK KAK JHep-
rHs TOKATM3YeTCA [NIABHBIM 0BpasoM B HauGonee ONM3KHX K INEKTPOHY
yacTax a¢pupa.

OTHOCHTENEHO 3TOTO MYHKTAa MOXHO BBICKA3aTh HECKOJIBKO THIOTE3.

Cornacso AGparamy, MeKTPOHBI TDEICTABNANTCA CHEPUICCKUMH K
Hefleho pMHPYEMBIMH.

Torpa, mpumenss mpeoGpaszoBanue JlopeHua, Mbl BHOMM, YTO eCIH
pEANbHBIA IMEKTPOH Obul CepHueckHM, TO BOOGPAXAEMBIH CTAHOBHTCHA
INNUACOMAANbHBIM. YpaBHeHHe UIMNCOMMA, cornacHo § 1, MMeeT BHK

(1 —py) - @, - OF + I~y +BP +
+2' —uy (@ + B =P
Ho B gannom cryuae

_m=1‘52.—.7'2

Ux—ﬁ=vy =vz=0, 1
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[image: image30.png]TAK YTO ypaBHEHHE YUTHNCOMAA IPUHEMAET CEMy IOl BHA;:
x4y +22 =12
Ecnu pajuyc peaibHOrO 3MeKTPOHA €CThb 7 , TO MOYOCH BOOGpaxaemo-

TO 3NIEKTPOHA paBHel vir, Ir, Ir.

Hanpotue, no runotese JlopeHna 3MeKTPOHbI MPH ABIKEHUH JeGOPMHE-
pyHTCA TakMM 0GPa3oM, YTO PEalbHbI 3MEKTPOH CTAHOBUTCA SIUTMIICOH-
0M, B TO BpeMs KaK BOOGpaXaeMblil NOKOSILMACH TIEKTPOH BCEra Ipe-
CTABJIAETCA LIAPOM PaIMyca r ; TOr/@ MOIYOCH PEASTBHOrO EKTPOHA PaBHBI

rorr
worr
HazoBem BbipaxkeHUs
1
A= 3 fE;L‘IT
npodoabHoil nexTpudecKoil Inepaueil,
1
— 2 2
B= 2f(Ey +E))dr
nonepeunoii snexrpuneckoil Inepauell u
]
C= 3 f(H; +H))dr

nonepeyroii MaznuTHOU nepauell.
TpononsHo# MarHUTHO#N 3HEprHH He CYLIECTBYET, TaK KaK Hx =Hx' =0.

0OGo3HauHM uepe3 A, B Ned COOTBETCTBYIOLUME BENHUMHBI B NpeoG-
Pa3OBARHOI CHCTEME.

Tpexpe Bcero Haxooum
C'=0, C=p8.

C Opyroit CTOpOHBI, 3aMeyast, YTO PEATHHOE TONE 3aBHCHT TONBKO OT
x — Bt, y, z, Mbl MOXeM HaNUCaTh

dr =d(x — ft)dxdz,
dr' =dx'ay’dz’ = yPdr,
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TKYAS
oney A'=yA, B =y'T"B,
A=W"'A"B=+B"
B runotese Jlopenua B’ = 24" ,'roe A' - nocrosHHas, 0BpaTHO

BpOTOPLUMOHANBHAA PATHYCY JIEKTPOHA M He 3aBHCAILAA OT CKOPOCTH pe-
2JIBHOTO MIEKTPOHA,
Taxum 06pasoMm, A MOFIHOM IHEPrHH NONyHaeM

A+B+C =Aly(3 + ),
H U1 eiHcTBHA (B €OMHHMIY BpeMeHH)
_ Al
A+B-C=3 7
Ianee, WA 3MEKTPOMATHMTHOTO KOJIMYECTBA ABHXCHUA HAXOMUM
P= fd-r(Esz - EZHy) = ﬁde(E; +E§) = 2B = 4fylA’.
Ho mexpy sueprueit £ = A + B + C, neficteuem L = 4 + B — C u xomaect-

BOM [IBIXEHUA P [OMKHBI CYIECTBOBATh HEKOTOpPBIE COOTHOILUEHMA.
TlepBoe U3 HAX UMEET BHL

dL
E=L—ﬁE
a BTOpoe
dP 1 dE
a4 Bds
OTKyAa
P=—£ E=L+gP 2

dg’

Bropoe M3 ypaBHenuii (2) yMOBNETBOpPSETCA BCErfia, EPBOE Xe TOMb-
KO B TOM Clly4ae, eclid

1= —ﬁ2)1/6 =1—1/3,

T.e. echm 0GbeM BOOGPLKAEMOTO MNEKTPOHA paBeH oGbeMy MEHCTBHTENb-
HOTO 3NeKTPOHA WM MHaue, ecM ofbeM MEKTPOHA MoCTOsHeH. B 310M
COCTOMT runoresa JlamkeneHa.
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[image: image31.png]10 HAaXOAMICA B NMPOTHBOPEUMHU C pe3ynbraToM § 4 M ¢ Pe3ynbTaToM,
NMONYYeHHBIM MHbiM IyTem Jlopenmom. 3ailMeMCA BBIACHEHHEM 3TOro
TIPOTHBOpPEUHSA.

Ho npexque 4eM NPHCTYNHTh K 3TOMY BBIACHEHMIO, 3aMETHM, YTO Ka-
Ky10 6bI FHIOTe3Y MBI HH IIPHHAIIM, MbI BCeraa GyneM HMeTs

L=A+B-C =%(A’+ B,
WIH, TaK TaK Cc'= 0,
L=n?L' 3
JTOT pe3ynbTaT MOXHO CONOCTAaBUTb C ypasHenuem J=/' | momyuen-
HbIM B § 3.
B camom fene, MpI BMEEM

J=fLdt,J =[L'dr

3ame-|aﬁ, YTO COCTOAIHHE CHCTEMBI 3aBHCHT TOIIBKO OT X — ff, ¥, Z, T.e.
OTX y Z s TOITyYuM

="t — g,
df’ =Iytdr. )
*ﬂonuepKHeM,_lrro dopmyna dt' = g lIdt BhipaxaeT u3pecTHoe

CBOWCTBO OTHOCWTENBHOCTM BPEMEHHBIX ~UHTepBanos,  onpepe-
NAEMbIX B Pa3nuYHbIX CUCTEMaX KOOPAWHAT. B aaHHom cnyuae
cdopmyna (4) FOBOPUT O TOM, YTO BPEMEHHOW MHTepBan ABYX
coﬁu'mu df’ B 0pHON 1 TOM Xe NPOCTPEHCTBEHHOI TOYKE C KOOPAH-
HaTol X' , MamepeHHbIil B ABWKYLIEHCA CO CKOPOCTBIO § MHEPLH-
anbHOR cucTeMe oTcyeta, B A/T — B2 pas OTAWMAETCA OT MHTepBana
dt, N3MepeHHOro B NOKOALLEACA CUCTEMEe KOOPAUHAT.

Conocragnss ypasHenus (3) u (4), HaxoOoum, YTO
J=J.

IMpumenm kaxyto-HHGYOb runotesy, Syms 310 rumoresa Jlopenna, AGpa-
rama, JlamkeBeHa WK kaKas-HuGyIs TPOMEXYTOMHAA THIOTE3a.
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flycts 7, 8, Or GyneT Tpy MOMYOCH PEANBHOTO JEKTPOHA; WA BOOGpa-
AEMOFO MEKTPOHA OHH NPEBPATATCA B

Y, Oir, 8ir.
Torpa A’ + B’ 6yzeT 3/eKTpOCTAaTHYECKOH SHEPIHEH HLTHNCOHMAA € OCA-
wu vlr, 8lr, Olr.
Ecnn npeinonoXuTs, 410 MEKTPHYECTBO PACHIPEIENeHO Ha MOBEPXHO-

CTH 71eKTPOHA KaK Ha IPOBOJHMKE, WIH PABHOMEPHO PACNpENENREHO BHY-
TPH 3TOTO JIEKTPOHA, TO JHEPIUA TPUMET BUI

)

A+B=—1n
yir

[e ¢ CYMTAETCA HIBECTHOM yHKIMEH.
T'unote3a AGparama COCTOHT B MpeArioNIOXeHHH

r=const, 8=1.
Cornacto xe JlopeHuy,
I=1, yr=const, 6=17.

Hakoney, cornacHo JlarwkeseHy,

1=y Y3 y=0, yir=const.
Jlanee Haxoaum

a1 [0
L=y 'sp(;).

A6paraM B wuHblx oBo3Havenuax nomydaer (Gottingen Nachrichten,
1902, c1p. 37):

a 1-g | -8

L =7 og———

7T e
rie a — nocrosmuas [6]. Ho no runorese AGparama 6 =|; noaromy no-

TyuaeM cliefyiouiee ypaBHeHue, ollpencnamoliee GyHKUMIO ¢!
l g ]*ﬁz - _a 1-8 5
o) = 5o g = Glovg =2
5 A.A. Jlorynos 65



[image: image32.png]YCTaHOBHB 310, MpejcTaBuM cebe, YTO MEKTPOH NOABEPXEH TaKodH
CBA3W, YTO MeEXMAY 7 M 6 CYWECTBYET HEKOTOPOE COOTHOLLICHHE; HO FHIO-
e3¢ JlopeHna 310 cOOTHOLIEHHE HMeNO Gb1 BRI 67= const, a o Jlanxeseny
82r® = const.

Homycrim Goitee oBLIyIo 3aBHCHMOCTD

r=59",

rae b — nocTosHHaA.
Orcrona

Lm o
T by Y7y
Kakyio ¢opmy npumer amexTpon npu ckopoctH, paBHoi f§, ecau npeo-
NOAOXUTS, HTO KPOME CUn CEA3U,HA Keeo He OeliCcTEyIoT MuKaKue cuabi?

J71a Ppopma onpenenAeTcs paBeHCTBOM

%=, ®
HIH
-mg™" o+ Myl =0
WM
w_m
e 0

Ecii M1 skemaem, 4ToGbl HMENO MECTO TaKoe PaBHOBECHE, PH KOTOPOM
6 = v, neobxomumo, uToGEl NMpH 0/y=1 norapudMuuecias npouaBoaHas @
6bi1a paBHa m.

Pasnaraa ¢(1/y) u npayio wacts (5) B pAm MO CTeMeHAM € W mpeHe-
Gperas BHICIIHMH CTENEHAMH € , Oy UMM

A ehe8)

Tluddepenumpys, Gynem umets
4| 62 2
By (l - 7> =3fa.
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Iina § = 0, T.e. KOTJA apryMEHT ¢ PaBeH 1, 3TH yPABHCHMA NPHHUMAIOT BHI

2 ¢
=a, = — , —=— 7
] @ ‘31 ¢ (@)

Wt

Wrtak, B cOrMacHd ¢ runoresoi JlamkeBeHa, NOKHO HMETb MeCTO
m=-2/3.

ITOT pe3yNbIaT JOMKEH ObITh COIMNACOBAH C COOTBETCTBYIOIMM Bbi-
BOJOM MepBOTC ypaeHeHus (2), OT KOTOPOre OH B CYIUIHOCTH He OUIH-
yaercs. B caMoMm pege, IpeNONOKMUM, YTO Ha KaX/bIA YIEMEHT dt anekrpo-
Ha AefcTBYeT cWia fdT, MapannenbHas OCH X, MpHYeM [ OHO H TO Xe AnA
BCEX 3/IEMEHTOB.

Torga, no oONpeJencH’Ic KOMHYECTBA IBUXEH!A, GyReM HMeETh

ap
3F = Jfdr.

C ipyro# CTOpOHbI, NPHHIMII HAMMEHBLIETO ACACTBHSA JaeT HaM
d
8J = St drdr, J=[Ldt, 8J= (8 grPat,
rhe 8¢, — MepeMelleHse LEHTPa TAXECTH WeKTpoHa, L saucur o1 6 u

B, ecnir WO CBAIAHBI APYT C APYTOM YpaBHEHHEM CBA3H.
TosroMy nmeem

o1 (e Lol
=I\ag 8 B 3004t

C apyroit cTOpoHsI,
d
86= 7708,
OTKYJIa, MHTErpUPYA IO YACTAM, NIONYYaeM

. . d
SPofdt =— [Pog dt, P =P

oL oL
fQSﬁaT} + Sﬂﬁ)dt = — [Pbfdt;
OTCIo1a
oL
T 88
67



[image: image33.png]dL
Ho npouasonnan ﬁ' BXOJALIaA B PABYIO Y4CTh YpaBHeHHA (2), B3A-

T3 B IPEANOIOXKEHHH, 4TO 6 ecTh yHKIHA OT f, M03TOMY
dL 3L 3L de
a5 =5 "3 ap

Takum o6pazoM, ypaBHeHme (2) IKBHBANEHTHO ypaBHEHMIO (6).

M1 3aicTI04a€EM, UTO €CIIH HA TPH OCH JNIEKTPOHA HATOXKEHA HEKOTOopas
CBA3b U €CAU, KPOME CUR COA3U, HeT Hukakol Opyzoi cuavi, 10 Gpopma,
KOTOpYi0 NPHMET MEKTPOH MPH PABHOMEPHOM [BHXXEHHH, TONILKO TOrIa
Gyner chepoHnm A COOTBETCTBYIOWIETO BOOGPAKAEMOro INEKTPOHa,
KOF[I3 CBA3b NMPHUBERET K MOCTOAHCTBY OoObeMa, B COIMIACHM C TMIIOTe30M
JlawxeBeHa.

Mbl npHuDmM, TakMM 0Bpa3oM, K NOCTAHOBKE Cllefyioulell 3amawmi:
KaKHMH GyRYT Te MOMONHMTEIBHBIE CHAIBI, KPOMe CHJI CBA3H, KOTODHIE
HeoOXOMMMO BBECTH 1A TOXo, YToGBI MPHATH K 3aKOHY Jlopenua WiH, B
Gonee obtuem crryvae, 11060MY 3aKOHY, OTIMYHOMY OT 3aKOHa Jlamkenena?

Camas mpocTas rMmOTe3a M NEpBag M3 TeX, KOTOPbIe MBI OIDKHBI
PaCCMOTPETs, COCTOMT B TOM, YTO ITH AOMOJHHTENbHbE CHJIbI NPOHCXO-
AAT OY HEKOTOPOTO MOTEHIMANA, 3aBHCAIUEIO OT TPeX OCeil UIUICOMAA H,
caenosarensio, o1 § u r . [yctb F(6, r) Gynet 3THM NOTEeHIHANIOM.

B a10M cnyuae peficTeue

J = fIL + F(8, r)]dt,

H YCNIOBUSA PaBHOBECHA HAIMIIYTCS B BHOE
aL  oF aL  F

Ttz =0, s-t=2—=0.
a6 tag =0 o tor =0 ®
llpeanonaras, 4to r W 6 cBA3aHB! APYT ¢ IPYTOM COOTHOLUEHHEM
7 = ™, Mbl MOXeM PaccMaTpHBATh F KaK bYHKIMIO OT § , CYMTAA TaKHM
06pazoM, YTO F 3aBMCHT TOMKO OT § , M COXDAaHHTh TONBKO NEPBOE M3
ypassenui (8), rae
’
¥ dL —my [

= , —= + .
by 0™ ds bytemtl by

Heobxomumo, utobbi ypapHenme (8) YHOBIIETBOPANIOCE NpH y = §;
HpHHHMAA BO BHHMaHKe ypaBHewna (7), nomysmm

dF__ma_ 2 a
dg pom+3 " 3pem*I
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2
OTKYyda m+z
F=—22 3
T oMt 2
u o runoTese JlopeHua, roe m = —1,

Fe a
N

JomycTHM TeNeps, YTO He MMeeTCH Hukakoi CBA3M, T.e. Dylem pac-
cMaTpuBaTh 7 M § KaK HE3aBHCHMbIE NlepeMeHHbIE; B TAKOM CIIyyae CO-
XpaHAWICA 06a ypaBHeHus (8), npidem
_e A ¢ d_
T de T Y dr T P

YpapHenus (8) HOMKHBI YOOBIETBOPATHCA NpH ¥ =6 u r = bO™; 3t0
naet

L

daF a drF 2 a o
dr  pIgIm¥I v gg 3 pemY3 - ®

Omud 43 cnocoGoB YOOBNCTBOPHTE 3ITHM YCIIOBHAM COCTOMT B TOM,
YTO MBI TI0JIaracM

F=A4r0% (10)

roe A, oM — NOCTOAHHbIE. m
Ypapxenua (9) HOMKHBI YHOBIETOPATLCA IpH ¥ =6 u r = b6™, uto
naetr

a

. a _ 2
Aaba—10m0¥mw—ﬁ=b292m+2 : Aﬁbozgmom-ﬁ lzgw_‘

OroxpecTBnas » HAXOHUM

m+2 a
a=38, =2, ¢= Iz A wporl an

Ho o6vem ammunconpa nponopmuonanes r 38 2, nostomy noGaBounsi
TIOTEHLKAI [IPONIOPLMOHATIEH cTeneHd { o6bema ek TpoHa.

Tumotese Jlopenua coorsercTByeTm=—1,{=1.

Taxum o6pazom, Mp! npuxopum K 2unoreze Jlopenya npu ycaosuu
APUCOeOUHeHUR Q0BAGONHOZO NOTEK{UANd, NPONOPUUONAALHOZO O06BEMY
2NEeKTPOHa.

Tunoresa JlamkeseHa cooTseTCTBYET Ciiyuato § = o,

5¥A.A. Jlorynos 69



[image: image34.png]§7. KpasucranmonapHoe ABMKeHME

"BO3MOXKHO AaXe, Mbl AOMKHLI CO3RATH COBEPLIEHHO HOBYIO MexXa-

HUKY, KOTOPYI0 Mbi MWL CMYTHO NPEACTaBRAEM, MEXaHuKy, rae

MHEpUWA Bo3pactana Gbl CO CKOPOCTHIO, NpUYEM CKOPOCTL 6@
ABnANack Gbi HENPEOAONMMbIM Npeaenom’”

A.Myankape.

Hactonluee u 6yayuiee matemaruyeckoin dmauku (1904 r) .14

OcraeTcA paccMOTpPETh, YUMTLIBACT JIM JTa [UIOTE3a O COKPALICHHH
3/IEKTPOHOB HEBO3MOJXHOCTh HaGmopath abCOMOTHOE ABHXEHHE; A 3T0-
ro Mbl HAYHEM CO CJIyYas KBa3MCTALMOHAPHOTO ABHXKEHUSA 3NEKTPOHA, CBO-
BGOMHOrO WIH NONBEPKEHHOro TOJIBKO ACHCTBHIO APYTHX YHATEHHBbIX JlleK-
TPOHOB.

H3BecTHO, YTO KBA3UCTAIMOHZPHBIM JBH)XCHHEM HA3bIBACTCA TaKOe
OBYKEHHE, TPH KOTOPOM H3MEHEHHSl CKOPOCTH HACTONBKO Me/IeHHSI,
YTO JHEPrMM — ATEKTPUYECKAA M MATHMTHasd — MO OTJIKYANTCA OT COOT-
BETCTBYIOIMX 3HAYCHMI [UIA PaBHOMEpPHOTO JBMkeHus. HapecTHO Taioke,
¥TO HMCXOMA M3 3TOTO OTpefeIeHHs KBaSHCTALKOHAPHOTO NBHxeHHA, AGpa-
raM NpUliel K YCTAHOBNICHHIO MOHATHHA 3MEKTPOMArHUTHBIX Macc — Mpo-
HONBHOM H MOTIePeyHOR.

YrounuMm 3TH noxsaTHA. Ilycrs nelCTBHE 3a eUMHMIY BpeMEHH paBHO

L= fand? —EP),

rhe IS JaHHOTO MOMEHTA MBI PAacCMAaTpHBACM JJIEKTPHYECKOE M MArHMI-
Hoe 1onsA, o6YCIOB/IeHHbIE TONBKO ABIDKEHHEM CBOGOJHOrO MIEKTpOHA.
B npensioymem maparpade, paccMarpusas ABHXeHHE KaK PAaBHOMEDHOE,
MBI CHMTAIM, 4TO L 33BHCHT OT CKOPOCTH ¥ UEHTpa Tskectd (3TH TpH
COCTABIIAIOIME MMENH B TpefpifylieM Naparpade suauenus — 8, 0, 0)
4 OT MapamMeTpoB 7 K § , onpefensoumx GopMy JeKTpoHa.

. Ho ecrit [BIDKEHHe HepaBHOMepHO, To L 6ymeT 3aBHceTh OT 3HaueHMH
7, r, 6 He TONBKO B JAHHBIA MOMEHT, HO M OT 3HAUCHWii ITHX BENMYHMH B
Apyrue MOMEHTbI; TOCIEAHHE MOrYT OTJIHYATHCA OT JIAHHOTO MOMEHTa Ha
BENIMUKHY, NOPANOK KOTOPOH paBeH BpEMEHH, HEOOXOMMMOMY IA Npo-
XOXK/IEHHA CBETA OT OJIHOM TOYKM INEKTPOHa K Apyroi. MHviMu croBamd,
L Gymer 3aBuCeTb HE TONBKO OT, 7, §, HO M OT UX NPOM3IBOJHBIX BCEX
MOPAAKOB 110 BPEMEHH.

14 A INyankape. Moxnan Ha Kourpecce ncKyccrsa H Hayku B Cent-Jlyuce (ced-
1A6ps 1904 1.). OnybmuxosaHo B kypHamax: Bulletin des Sciences Mathematiques,
December 1904, v. XY, N1 (MepeBog ¢ ppann. T.J.Bnoxmiuesoit).
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Jlpikenne GyIeT KBasMCTALMOHAHBIM TOFI3, KOIAA TNOCIETOBATENb-
HbIMH UACTHBIMH TIPOM3BOMIHBIMK L N0 MPOHIBOAHBIM V; 1, 6 MOXHO IIpe-
Hebpeub MO CPABHEHMIO C YACTHBIMH NPOM3BOAHBIMH L T10 CAMHM BEITHYH-

~
Hamu, 1, 0.

YpaBHeHHUA TAKOTO JIBIKEHUsA MOXKHO 3aIMCaTh B BUAE

aL OF L OF _

30 T T O
d oL N
= = Yar. 1
dt v S jar M

B oTHX ypaBHEHHSX [ umeer 1o ke 3HaueHHe, YTO W B MPCIBULYILEM
naparpadge. f = (fx, £ fz) — COCTAaBJAIOLUME CWIIbI, AECHCTBYIOLIME H2
MEKTPOH; 3TA CHJIA HPOMCXORHT TOTBKO OT IMEKTPHIECKOTO K MATHUTHO-
FO ToMNedt, 0BYCIOBNEHHBIX Opy2UMY IIeK TPOHAMH.

3ameTHM, YTO L 33BHCHT OT 77 TOJNBKO Yepe3 MPOMEXYTOUHYIo ByHK-

112100
— o 2 2 2
u= ﬁ’/l-—\/{;x +ul vl
T.C. qepe:i CKOPOCTb.

CnenoBatensHo, obo3nayast yepes P KONAYECTBO IBUMIKEHMA, HMEEM
> >
oL _vaL_ &
=—=P

v v v v
orKyna
d 3L Pdv & dv 0P sdv
e o b b )
dt ov v dt v? dt ov wvdt
9: &
d , dv
e = 3
v =g (3)

Monaras, YTo WCTMHHOE HATIPABIICHME CKOPOCTH COBMAJAaeT C OCHIO X,
NONTy4UM

dv, dv

ardr
B COOTBETCTBHMM C 9TUM ypaBHeHua (2) IpUMYT BUA

4 oL _opdwy _d 3L P du

dr avy v dt dr ov, w dl

g =
VU 76 ) —(Uy,vz) 0.

>

7



[image: image35.png]2 TpH NOCIENHUX ypaBHenus (1) :

oP dv. . p d El -
v dt —ff”dr, v dt _ffldT @
wae f,~f, 1, =0 £,).
Bor  moyemy Kﬁparam Aan BenMuMHe OP/dv Ha3paHue nPOOOALHOI
Maccwl, a Pfy — nonepeunoii maccel; Hanomuum, uro P = dL/du
Ilo runorese Jopera umeem
_dL_ L
dv o
rae dL/dv npencTaBnser IpoM3BOAHYI0 N0 ¥ MOCHE TOTO, KaK 7 M 0 3aMe-

HeHbL B QYHKUMM 2 MX 3HAYCHHAMH, NONYYeHHBIMU U3 TIEPBLIX JBYX ypas-
Heruit (1).
Mocnie 310# MOACTAHOBIKCH HMeeM

L=+A41 —»2.

BpiGepem enmHMubl TAKUM 0Gpa3oM, uTOObI OCTOSHHBIH MHOXHTEMS
A Gbut paBeH 1; s nonaraw TaKoKe

1—v¥=h
OTKyna
v dP dP 1
=+ ==, —=h3 — - =p3,
Leth P=% & T dev: VP

Tonoxwum nanee

M= 39T B
dr Vg PTHAT

Cﬂe}lOBaTeﬂbHO, i yPaBHCHHMA KBAa3HCTALMOHAPHOrO NBHKEHHA IIO-
nyuaem
-1 d¥ 3 >
h W-Fh vM=F. (5)

TNocMOTpUM, KaK M3MEHATCA 3TM ypaBHeHus oT npeobpaszopanua Jlo-
peHna.

2

MNonaras 1 — Bv,/ = u Gynem MMeTh npexne Bcero
J — > 2
uy,=v, =B,y =/,

OTKYI2 JIErKO NOy4aemM

uh' = hfy
MbI HMEEM TaKXKe
dr'= yudt,
OTKYyRa
do, 1 dv, déy 1 db,  dy, &8
da’' e dt’d’ T P dr dt Y3
H
— 3,3 2 344
, M= eyt
1 dv, ) o dvy, L
Woar v, M= g e, ~ e, (6)
i1 dUJ.’ 73y d¥
—r+h =t 2L e
o e e e Y ] o

Obpatumca K ypasuemmam (11' ) § 1; moxmo cuurams, wto F =
=, Fl) HMMEIOT B HUX TO Xe 3HaueHHue, 4ro ¥ B ypasHennnx (5). C apyroi

CTOpOHBI, Mbl HMeeM [ = 1, u p'/p = yy; TIO3TOMY 3TH YPaBHEHMA FIPUMYT
BUL

_ >
F,//=“ 1[F//_ﬂ(;;’;‘]‘
> — -1 2
Fy=y'F (®)
> ﬁ ‘
Boraucnan (V- F ) TIpH IOMOILH ypaBHeHus (5), Haxoaum
&-h=nm,
OTKyna

F,=u'F,—pi°M], )
2 E
F =7 u'F,

73



[image: image36.png]CpaBruBas ypasenus (5), (6), (7) u (9), Haxonum OKOHYaTeNbHO

1 dv!
' /
W —k
oy 40y i
h ar +R' T M = F (10)

2 3TO TOKA3bIBACT, YTO yPABHEHUA KBABUCTAUMOHAPHOTO NBIKERUA HE W3-
MEHATCA 0T NMpeobpa3oBausa JlopeHUa; OIHAKO ITO ele He 3HAYHT, YTo
TOMBKO rumnoTe3a JlopeHua MPUBOMT K TAKOMY pe3yiibTary.

* Bano NOAYEPKHYTL, YTO NPUBEAEHHOE BhILIE BbipaxeHne HyHKUUN
Narpavxa L = h = / 7 aBTOMaTH4EC KU APKBOAWUT K YeTbipem
YPAaBHEHNAM PEengTUBUCTCKON MeXaHUKU.

Nepeble Tpu 13 HUx, pasaembie Gopmynamu (5), onucsisaloT
CKOPOCTb U3MEHEHWA BO BPEMEHM KONWYECTBA ABUXKEHWA 4acCTULbI
{eAnHU4HO® MacChbl)

)=h'3M=(L-F)

Danee 8 §9 (cm. crp. 91) MyaHxape oTmevaet, 4to coson(vn-

HocTH BenmauH [y, Y0 ) rae v = 11/ — £7, a Takke (T, 7F) rae
T = u-F, npeo6pasyloTcA NPu NPeo6pasoBaHMAX YN ﬂoponua
TaK e, KaK BPEMA- W NPOCTPEHCTBEHHbIE KOOPAWHATLI, T.e. (1, &

ljist Toro,uT0Bb1 OBOCHOBATH 3TO HNONOXKEHME, Mbt OrPAHHUHMCH, KK
310 cpenan JIopeHLl, HEKOTOPBIMM YaCTHBIMM CITy4afiMH, PACCMOTpeHNE KO-
TOPbIX Gy[eT,0UeBHIHO, AOCTATOYHBIM [JIA [OKa3aTeNbcTBa OBpPaTHOM Teo-
PEMbI.

[pexyie BCEFO MOCMOTPHM, KaKuM 0GPasoM Mbi OGOGIIHM IHIOTE3b],
Ha KOTOPbIX OCHOBAHO NpeabIayiee BbIMMCTIEHHE .

1. Bmecto Toro, uro6u1 nonarars B npeoBpazopanuu Jlopenna I =
MbI GyneM cuuTaTh / MPOU3BONBHBIM,

2. Bmecto Toro, uroGbl npeanonarats, 4ro F AponopusoHanbHo obbe-
MY M, ClIefOBaTeEnbHO, I, MPONOPUMOHANBHO /1, MBI TIONIOKHM, 410 F ecTb
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npon3BonbHaA GYHKUMA OT 0 u r | 1ocne 3aMeHbl § M r KX 3HAYEHMAMU
B QYHKIHH U, NOJYYECHHBIMU M3 MEPBbIX ABYX ypaBHeHMi (1), Tax uro
[, GyzeT Tpon3BOJIbHON GyHKLMER OTV.

3amedy NpexRe BCETO, YTO eCiH N00MTh L = A, T0 [ =1, ¥ ypaBHe-
uut (6) u (7) AHCTBUTENBHO YROBIETBOPAIOTCH, €CIM TONLKO MNpaBble
yacTH NOMHOKHTL Ha 1// | Tak e TOMHO, KaK M ypaBHeHHa (9), ecn ux
npaBble HaCTM MOMHOXHTS Ha 1/17, W, Hakowel, ypasHenus (10), ecnu
nipaBble yacTH 6YyT yMHOXeHbI Ha 1/,

Taxum 00pa3oM, ecnu Mbl xenaeM. YTOGBI YPaBHEHMSl IBMXKEHUA He
M3MEHANUCh OT mnpeobpasosanusa JlopeHua, T.e. uTo6pl ypapHeHus (10)
OTIMYAIHCh OT ypaBHeHMit (S5) TOnmbKO WTpUXaMu y BykB. HeoBXOIUMO
TOJTOXHTh

I PEANONIONKHM Tenepsb, YTo

oTKYyna

v, Jdv
Y, =
" dt dt
YpaBHEHHA (S) NpUMYT BHO

_d 3L _dPdy _
dt dv, dv dt i’
i
_d 3L _P dy = ()
dt v, v dt 1

Mbl MOXeM, KpoMe TOTO, OOKHTH
dP
=f (U). 5 = (V).

ECniM ypapHeHUs OBIXEHHS He HIMEHAIOTCA OT npeobpasoBanus Jlopen-
Ua, TO DOJIKHO UMETh MECTO

dvy,
f(")T: 7

dv,
e =F
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oTcrona, uckmouan [ 2, monyuaem crenyiouee GpyHKUMOHANIBHOE YpaBHeHHe:
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nony4aeM ypasHeHue
-8\ 1-g°
ﬂ( 1_51)_ YTy

KOTOpOE A0KHO YOOBJETBOPATHCA NpPH BCeX 3HaueHMAX v K . Hnav=0
6yner

Q(-p) = 2OX1-6%),
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OTKYN3

P A( A

TV l—v’) ’

rae A — nocrosHHas u §2 (0) monoxeHo pasHbIM 1/m
Teneps HAXOOUM

r=_ﬂ( v-8
#1) v \W1-v3V1-7 ]

Ho ¢(v') = ooYyyul 7 ; cnenoareibHo,
- 5)m—1(1 _62)—m/2 =g~ 1(1 _ ﬁz)-1/21—2

Beuny Toro, uro I pomiuo 3aBuceTs ToabKo ot § (TAK KaK MpH HATH-
YHH HECKOJNBKHX 3MICKTPOHOB ! [OJDKHO MMETh OHO H TO e 3HAaYeHHe
A BCEX IMEKTPOHOB, CKOPOCTH § KOTOPBIX MOrYT ObiTh pasHUHBIMH),
TO 9TO TOKHECTBO MOXET HMETh MECTO TOJILKO TIpH

m=1, I=1.

* Urak, 3peco lNyarikape BRepeble OTKPbIBaET PENATUBUCTCKUE YpaB-
HeHWA ABMKEeHWA ANnA 3nekTpoHa. Mpu arom [lyankape aaev, no
CyulecTsy, ABa HE3aBUCMMbBIX BLIBOAA 3TUX YpaBHeHun. MocneaHwuit
BLIBO/J OCHOBA@H NULUL HAa CBOWCTBAX WHBAPUAHTHOCTYU OTHOCWTENLHO
npeoBpaszoeannié rpynnbl JlopeHua u He 3aBUCUT OT NPUPOABI ChA,
AelCTBYIOWMX HE MaTepuansHylo yacTuuy. Takum 06pa3oM, YCTaHOB-
NeHHble 371eCb YPABHEHWA PENATUBUCTKON MeXaHUKn UMeloT Bceob-
LWM# xapakTep.

Hrak, rumoresa Jloperua GymeT emMHCTBeHHOI, KOTOpas Cornacyercs
¢ HEBOIMOXHOCTBI0 [0KA3aTe/bCTBA AGCONMIOTHOTO ABIKEHHA; MNOMycKas
3Ty HEBOIMOXHOCTb, HEOGXONMMO NPHHATH, YTO 3MEKTPOHEI NMPH CBOEM
ABIKCHHH COKPAWAIOTCH M MPEBPAIAITCA B JUTHICOMABI BPALCHHA, Y
KOTOpbIX HBe OCH OCTAIOTCA MOCTOAHHBIMH; CIEMOBATENBHO, KAX MBI NO-
Ka3amu B mpeppiaymem naparpade, HeOGXOMMMO MOMYCTHT CYIIECTBOBE-
HHe N106aBOYHOTO MOTEHWMANa, IPONOPUHOHATIBHOTO oBreMy anexTpoHa.
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[image: image38.png]Takum 06pazom, pesynbrarhl JIopeHua NOIHOCTBIO NOATBEPKAAIOTCH;
MBI MOXEM e€lue pa3 yGeaHThCA B JeACTBUTEIBHOA NPUYUHE HCCIENyeMOro
HaMH OBCTOATENBCTBA; 3Ty IPUYMHY CedyeT HCKaTh B DAcCyXAeHUAX
§4.

IpeoBpasoeanusn, He UBMEHRIOUUE YPAGHEHUR OBUNCEHUA, OOAXHYI
COCTAGAATH 2DYNNY, @ ITO MOXCET UMeTs MecTo Toabko npul =1.

Tak KaK Mbl HE MOXEM y3HaTh, HAXOOHTCA JIH 3NIEKTPOH B COCTOAHUM
HOKOS WIH B COCTOAHMH aGCOMOTHOrO ABHXEHHA, TO HEOGXOIUMO, YTOOBI
NP CBOEM [BHXEHWM OH ToOBepracs nepopmauyu, KOTOpas NOMKHA
BbiTh TOYHO TAKOM, KaxKas IPEMMCHIBAETCA €My COOTBETCTBYIOWMM NPeob-
Ppa3oBaHMEM TPYHIIbL.

§8. Ilponspoarnoe ABUMEHME

Tpensinyime pe3ynbTaThl IPHMEHHMbI TONIBKO K KBASHCTAIMOHAPHOMY
IBYXEHWI0, ONHAKO MX MOXHO JIerKO pacHpOCTpaHHTh Ha OOl Ciryuait;
A 3TOTO [OCTATOMHO MPHMEHNTH CKa3aHHOE B § 3, T.e. NCXOAUTH U3 MPHH-
LiMIa HAMMEHBLIETO JeACTBHA.

TIpu6aBuM K BbIPOXKEHHIO [UIA HEACTBUA

-)L > 2
1= saa ES)

wieH, npencTapnsoumMit no6aBounsli noteHuyan F(§ 6); 310T wieH, oueBUA-
HO, IPMHUMaeT BUJL
J= [ Z(F)dt,

rue Z(F) NpencTaBnseT cyMMy 00GaBoUHbIX NOTEHIMATOB, NPOHCXOAALIMX
OT Pa3NMuHBIX IEKTPOHOB, KXIbIil M3 KOTOPbIX NPONOpUHOHATIEH 0BbeMy
COOTBETCTBYOMIErO EKTPOHA.

Torpa nonxoe aeiicTeue pasHo J +J;. B § 3 mbl Bupenu, uto J He u3-
MensieTca oT npeoGpasoBakus JlopeHua, MOKaXEM TeMepb, YTo TO Xe
OTHOCHTCA U K J 1.

JIns kakaoro u3 3MeKTPOHOB HMEEM

(F)= wyT,

e wo ~ KOIPOUUMEHT, XapaKTEPH3yIOwHi JaHHbIA JNEKTPOH, a T — ero
0o6beM; M0ITOMY MBI MOXEM HaNKCATD

Z(F) = [ wodT.
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HHterpan 3peck AomkeH GbITh pacnpocTpaHeH IO BCEMY IPOCTPAHCT-
BY H NPHTOM TaK, Yr06bl K0xbGHUMEHT wo BHE IMEKTPOHOB Gbil paBeH
HyJ0, 2 BHYTPH K@KJOTO MIEKTpoHa — KO3DHIMEHTY, XapaKTepH3yio-
IIEMY 3TOT MEKTPOH.

B TakoMm cnyyae uMeeM

Jy = [ wedrdt,
u nocne npeo6pasopanus JlopeHua
Ji = fuxdr'dr.

Ho wp = wy, H6O eciu TouKa TIPHHAVIEXKT WEKTPOHY, TO COOTBETCT-
Bylollasi TOYKa Nocne mnpeoGpasoBaHus JlopeHua Takoke NPHHAMIOKHT
TOMY Xe camomy MeKTpoHy. C Apyro#l CTOpoHsl, B § 3 Mbl HAUDIH

dr'dt’ = Pdrdt
H, TaK KaK MBI nonaraem sgech [ =1,
dr'dt’ = drdt.
Takum o6pa3om, umeeM
Ji=J.

CnepoBarenibHo, Hallla TeopeMa sABNAAeTcH oOleH; ONHOBpeMeHHO
OHa JaeT HaM pelueHHe NOCTAaBJIeHHOo#H B KoHue § 1 3amawm: HaiTH moGa-
BOUHbIE CHIIBI, HE M3MEHAMLMeECA OT npeoGpasoBanua Jloperua. HoGasou-
Hblit noTeHIMan (F) yIoBs1eTBOPAET 3TOMY YCIIOBHIO.

Takum oGpa3zom, MBI MoXeM OGOGILMTH pe3ynbTaT, NOJYUCHHBIH B
KoHue § 1, u ckasaTs:

Ecau unepyus 31eXTPOHOS UMEET UCKAIOWUTEABHO INEKTPOMAZHUT-
HOE NpOUCXOMOEHUE U ecAu eKTPOHbl NOJ8epIenbl OelicTaulo T01bKO
AEeKTPOMAZHUTHBIX CUA UAU CUA, 8bl3bleaembiXx O00aBONKLIM NOTEHYUA-
aom (F), 10 HuKaxoii onvir e 8 COCTORKUU NOKA3ATY HAAUNUE ABCOANTHORO
dsuwenun.

KakoBb! e Te CHIIBI, KOTOPBIE BBI3BIBAIOTCS NOTeHImanoM (F)? Owm,
OUEBMHO, MOTYT GbITb YHOXOGIEHD! NABIEHHIO, TOCIOACTBYIOWIEMY BHYTPH
AEKTPOHA; BCE TPOMCXOMMT TAaK, KaK ecii Gbl KaxGbli MeKTpoH Gbut
NONIBIM  MPOCTPAHCTBOM, HAXOMALMMCA TOJ, IOCTOAHHBIM BHYTPEHHHM
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[image: image39.png]OapleHueM (He3aBUCHMbIM OT 0GbeMa); paGoTa TAKOTO NABCHHs Gbima
b1, OUEBHIIHO, IPONOPLUHOHATIEHA H3MEHEHUAM 0GbeMa. .
Al pomkeH 3aMeTHTh, OIHAKO, YTO 3TO [aBIIEHME OTPHLATENBHO. O6pa-

THMCA K ypaHennio (10) § 6. Mo runotese Jlopenua, oo nepemimercs p
BHfiE

F=Arg%.

Ypasnenus (11) § 6 nanyt Ham
-_2
T3t

Hawe narenve paBHO A ¢ TOWHOCTBIO 10 TOCTOAHHOTO KO3bduImenTa,
KOTOPBIil OTpHIATENIEH.

A

PaccMoTpeHHan 3feck MOAENb NPOTAXEHHOTO 3NEKTPOHA €CTh
Npoo6pa3 0AHOMA U3 NONYNAPHBIX COBPEMEHHbLIX MOAENEI aiPOHOB —
MOAENN KBAPKOBOrO MELUKA, KIIIOYEBbIM 3IMIEMEHTOM KOTOPOH
ABNAETCA YYeT OGLEMHOA NMOTHOCTY 3HEPIUM MPOTAXEHHONW CME-
TeMbl, COOTBETCTBYIOUIEH OTPMUATENbHOMY BHYTPEHHEMY AaBNEHWO.

Borumcmmm Temeps maccy aneKTpoHa, s MMe0 B BHAY “IKCHEPHMEH-
TA/IbHYI0 Maccy”’, T.e. Maccy [Py MAIBIX CKOPOCTSX.
CormacHo § 6, uMeeM

)

7r

, =7, p=a,0r=b,

OTKYyHa

—2_2 N _p2
L By blv.

JIns oYeHb MATOTO 2 MOXHO HammMcaTh

_af, 2
s-5(-2)

Takum obpazoM, Macca, KaK NpPOJO/BHAst, TAaK M IIONEpeyHast, paBHa
afb. Hoa ecrs unciieHHas NOCTOAHHAA, U 3TO NIOKA3bIBAET, UTO JdaAeHuUe,
06ycaoenennoe Hauwum OO0GUBONHLIM NOTEHYUANOM, RPONOPYUOHANLHO
4ereeproll CTeneRU SKCNEPUMEHTIALHOL MACChL IAEKTPOHA.
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Tax KaK HBIOTOHOBCKOE MPHIMKEHHE TakXke NMPONOPUHOHAIBHO 3TOH
IKCHEPUMEHTATBHOM Macce, TO TMOABNACTCA HCKYLIEHHE 3aKIIIOUATh, YTO
MeX/y TNPHYHHOMH, BbI3bIBAIOIIEH TATOTEHHE, W MPHYMHOH, MOPOXKOAIOLIEH
3TOT J0GaBOYHBIHA MOTEHUHAN, CYILECTBYET HEKOTOPOEe COOTHOLLIEHHE.

§9. lNunoresn o TATOTEHHH

‘"Macca vMeeT ABa acneKTa: 3TO U KOXDAOUUKEHT UHEpUMM, U Macca
TATOTEHWA, BXOAALLAA B KaYeCTBE MHOXWTENA B 3aKOH HbIOTOHOB-
cKOro npuTAXenna. Ecnn KoadihbuuMeHT MHEPUMM HENOCTOAHHEIN,
MOXeT nn BbITb NOCTOAHHOW Macca NpuTAXeHwA? BoTt B yem BO-
npoc’’.

A.Nyankape. Hactoawee u GyayLiuee MaTeMaTuyecKon Gu3nkm.

Wrak, teopus JlopeHua NoNMHOCTbI 0GbACHAET HEBO3MOXHOCTb MOKa-
33aTb OMBITHBIM HNYTEM HATHuHe abCOMIOTHOrO ABMXKEHMA B Clyuae, €ClH
BCE CHJIbI BYyAYT INMEKTPOMArHUTHOTO MPOHCXOXKAEHHA.

OnHako CyIUECTBYIOT CHIIbI, KOTOPbIM HeNlb3Si TPHIHMCHIBATH 31EKTPO-
MArHHTHOE TNPOHCXOXMEHHe, KAaK, HAaflpumep, CHilbl TATOTeHHA. B camom
Aene, MOXET CIYUHTBCS, YTO [IBE CHCTEMBI TeNl NOPOXJIAT IKBHBATIEHTHBIE
316K TPOMArHKTHbIE [OJIA, T.6. 0KA3bIBAIOT OIMHAKOBOE EeHCTBHE Ha HANEK-
TPH30BaHHbIE Tella U TOKH, HO YTO, OJHAKO, 3TH [BE CHCTEMBI OKa3bIBAIOT
Pa3JIMYHOE IPaBHTALMOHHOE NeHCTBHE Ha HbIOTOHOBCKHE MaccChl.

CrienoBaTensHo, MOe TATOTEHHS OTIHYAETCHA OT 31eKTPOMArHHTHOTO
nons. [lostoMy JlopeHI BoiHyjieH GbUT TOTIONHUTH CBOK TMIIOTE3Y MpeN-
TIONIOKEHHEM, ¥TO CUAbl AI00020 NPOUCXOMOEHUA, U 8 HACTHOCTU CUNbL
TA2OTEHUR, 6€0YT Ce6R NPpU NOCTYNATEAbHOM Odumenuu (WIH, eclH yroa-
HO, TpH NpeoGpa3oBaHuy JIOpeHUA) COBEPUIERHO TAK We, KAK 3eKTpo-
MAZHUTHbLE CUAbL.

Ham HeoOxomuMo Temeph 3aHATbCA Gonee NETAIbHBIM PacCMOTPEHHEM
3TO# runotessl. EcM MbE kenaemM, 4ToGbl HBIOTOHOBCKaA CHJIa Bena cebs
yKas3aHHBIM 06pa3oM npH npeoGpasonannH JlopeHIa, To Mbl yKe He MOXeM
MpPERToNararb, YTO 313 CWIA 3aBHCHT TOJILKO OT OTHOCHTENIBHOTO TNOJIOXEHHA
[BYX NPHTATHBAIOLUMXCA TEJl B PACCMATPHBAaeMbiilt MoMeHT. OHa MOMKHA
3aBHCeTh, KpOMe TOFO, OT ckopocTeil oGoux ten. Ho 3to He Bce: ectect-
BEHHO MpPedNOIOXHUTh, YTO €CITH CHIa, AEHCTBYIOLIA B MOMEHT ! Ha TIPHTA-
THB2EMOE TeNIO, 3aBHCUT OT MOJIOKEHHA W CKOPOCTH 3TOro Tejla B 3TOT Xe
MOMEHT, TO OHa 3aBMCHT, KPOME TOTO, OT MOJIOXKEHHA H CKOPOCTH NPUTR-
2UBaIWE20 TeNa, HO yXKe He B MOMEHT ¢, 3 8 NPeouecTayoujlili MOMENKT,
KaK ecnn Gbl CHIIBI TATOTeHHA TpeGOBATH HEKOTOPOTO BPEMEHM 1A CBOErO
PacnpocTpaHeHus.

{
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[image: image40.png]Bynem PaccMaTpHBaTh, TAKUM 06pa3om, MOJ0XKEHHe IPUTATHBAEMOrO
Tela B MOMEHT f¢ H MYCTk Fo = (Xo, Yo, 2¢) BYNyT ero KOOPIMHATSI B 3TOT
MOMEHT, 2 & — COCTABIIAIOLUME ero CKOpOCTH. PaccMOTpuM, ¢ Apyroii cro-
POHBI, NPHTATHBAIOUIEE TENIO B MOMEHT fo + t u nycTs B 3TOT MOMEHT ero
KOOPAMHATAMH Gy).‘LyT 7o +7,a COCTABNARUMY CKOPOCTH 1),

[lpexkne Bcero, Mbl JOMKHAI MIONYYHTh COOTHOLIEHHE TA OTPEeneHMst
BPEMEHH ! .o

v, ro,0,)=0 (1)

370 COOTHOLICHNE ONPENETHT 3aKOH PACHpPOCTPAHEHHA CHNl TATOTEHHA
(npy 3TOM MBI BOBCE He TIPENONAraeM, YTO PacpoCTPaHEHHE NPOHCXOMHT
C OLHHAKOBOH CKOPPCTBIO 10 BCEM HANPABIIEHUAM ) .

Iycts Teneps F = (F, Fy F, ) BynyT Tpemsil COCTaBIAIWHMH CHITbI
HEACTBYIOLLEH B MOMEYT ¢ Ha npmxruaaemoe Teno. 3amavua 3akiouaeTcs B
TOM, YT0ObI BbIpasuTh F = (Fx, Fy, FZ) KaK QYHKLUMH OT

> > >

LD 0. (2)

KakHe ycnoBHs J0/KHbI GbITh IPH 3TOM BBINOSTHEHbI?

1. CootHouuenue (1) He KOMXHO MEHATHCA OT MPeoBPa3OBaHMil rpymibl
JlopeHua.

2. Cocrapnsioume F= (F, F,, F,) pomxnbt BecTH ces npyu npeoGpa-
30saHuy JlopeHua tak e, KaK 3ne|<rpomammm>xe cuiibl, 0603HauaeMbie
TeMH ke BYKBaMHK, T.e. COTNIACHO ypasHeHuam (11) § 1.

3. Korna 06a TeNa HaxonATCs B IOKOE, Mbl IOJDKHBI BEPHYTHCSH K 06bIY-
HOMY BHIY 3aKOHa TPHTSOKEHNS.

Baxo otMeTHTs, 4TO B 3TOM NOCIEnHeM Cryuae cootHoureHme (1) He
MMeeT MecTa, W60, Korna o6a Tea HaXOMATCH B [IOKOE, BPEMS [ yXe He
WIpaeT HHKAKOH POJIM.

3anaua, NOCTaBNEHHAR TaKHM OGPa3OM, ABNACTCA, OYEBHMIIHO, HCOMpeE-
nesntentof. [103TOMy MbI NONBITaEMCH YAOBNETBOPHTH, HACKOIBKO BO3MOX-
HO, 1pyTHM [IOTIONHUTENbHBIM YCTIOBHAM.

4. Tak KaK acTPOHOMUYECKHE HaBIIIOACHUA He 06HapyKHBaIOT, NO-BY-
MMMOMY, 3aMETHbIX OTKIOHEHUH OT 3akoHa HeloToHa, T0 Mbi BBIGEpEm pe-
LIEHHE, HAUMEHEE PACXOALUCECH C ITUM 3aKOHOM [T MATBIX CKOPOCTeH
0B0oKRX TeII.

5. lNombitaemcst pacnopAaMTbCA Tak, 4TOGBI Bpems ¢ BCeria GblIo OT-
PHUATLIIBHBIM, B CAMOM Ile!fe, €CIIH NOHATHO, YTO IPABHTALMOHHDIR bderT
TpeGyeT HEKOTOPOTO BPEMEHM [JIA CBOETO PACMpPOCTPAHEHHS, TO OuYEeHb
TPYOHO YCMOTPETH, KaKHM 06pasom IToT 2h¢eKT MOXKET 3aBucerdh OT
HCOOCTUSHYTOLO euye TIONOXKEHHA IPUTATUBAIOILETO TeNa.
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CyuiecTByeT CITyyai, KOT[a HeomnpeneieHHOCTb 3a[aud HCYe3aeT; ITO
MPOKCXOAMT TOFMa, KOTJA /Ba TeNla HaXOAATCH B OTHOCUTEAbHOM TOKOE
O/IHO 110 OTHOILEHMIO K APYToMy, T.e. KOraa

F=3,;
MOITOMY pPAaccCMOTPHM CHauyana 3TOT CilyyaH, MOJaras, 4T0 CKOPOCTH IIO-
CTOAHHBI, T.€. 4T0 0Ga Tena yyacTBylOT B OOLIEM MBWXKEHMM MEpeHOCa,
PaBHOMEPHOM H NIPAMOJIHHERHOM.

Tonoxum, uto och X mapaniensta HNPaBeHHIo ITOTO NEPEHOCA, TaK
uro 4, = 0, U BO3MeM f= v =Y,

TpuMeBAs NMpH ITHX YCNOBMAX NpeoGpalosaHue Jlopenua, NonyyuM,
410 mocne npeoBpazoBaHuA 06a Tena GydyT HAXOOMThCH B COCTOSHMM TO-
KOA, W, CIe[I0BATENBHO, 5o

3=

5
Tak Kax cocTaBasioume F' IOIKHBI yOBNETBOPAT, 3aKoHy HbloToHa,
10 Mbl 5yfleM HMeTb C TOYHOCTBIO 10 IOCTOAHHOTO MHOXHKTENI&

2

: 2 2
=3 r = =x"+y +2". (3)

Ho, cornacko § I,
x'=yx-Br), Y=y 2=z =y )
£y -pr) =21 -8 =", FB=Fp
Fo =y (F = BF-3)=7'F (1 ") =F,
N

-

v

=7

YRS
i, 1%
—

Kpome T10r0, HMEeM

2

’2 2 2 2
x-ft=x v, Lr =yi(x vty +z

u . Ao B @
F == v nlf F=—ir .
YTO MOXHO HAIIHCAaTh B BHAC
av av av ,
=— FE=—F =— V=1jy. 49
b ax 'Y Ty ¢ b
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[image: image41.png]C nepeoro B3rAga KaKETCA, YTO 3[eCh HMEETCA HEONpEMeNeHHOCTs,
TaK KakK Mbl He CHOeNajii HHKaKOro NpeamnosIoKeHUsA O 3HAYECHHH !, T.e. O
CKOPOCTH PAacpOCTPaHeHUs; K TOMY Xe X eCTh QYHKIMA OT f; OfHaKo,
JIErKO BHOETH, YTO B HalM (OPMYNBI BXOHAT TONBKO BBIPDKEHHA X —
-V, 1, ¥, Z, KOTOpbIE He 3aBUCAT OF {.

OueBHfHO, eciM [IBa Tejla YYacTBYOT B obllleM NepeHoce, TO Cuia,
HeACTBYIOLIaA HA NPUTATHBAEMOE TENO, HOPMAIBHA K JJUTHIICOMAY, HMEIo-
l1eMY B KAY€CTBE HEHTpa NPHTATHBALOILIEE TENO.

Jns Toro uToGhl MATH Ranbllie, HEOGXOMMMO HaiTU UHEAPUAHTBL 2pyn-
nvt Jopenya.

*Aanbueﬁwee 13noxeHue npeacTaBnAeT coboi obiyio hopmynupos-
KY OCHOB TEOPUU OTHOCUTENLHOCTH, BKNIOYAA TEH30PHOE UCYUCNEHNe
1 nNccneaoBaHne WHBapWaHTOB rpynnsl JlopeHua, COOTBETCTBYIOLMX
PENATUBUCTCKYU UHBAPWAHTHLIM (BM3NYECKUM BENMHUHAM Y COOTHO-
LUEHNAM.

MyaHikape snepBble paccMmatpusaeT 3geck npeobpazosaHnA
rpynnel JTopeHua Kak 3nemeHTb) NPeoBpazoBaHuin YeThipexMepHOro
MHOroo6pasun, KOOPAUHATaMU TOWEK KOTOPOFO CNy»Kar COBOKYN-
HOCTW NPOCTP2HCTBEHHbLIX KOOPAWHAT X, ¥, Z N "MHUMOro” Bpeme-
HW 1

MUHKOBCKMA pa3BMN  BNOCNEACTBUW 3TU MbICAN O EAUHCT-
B€ NPOCTPAHCTBAa W BPEMEHU, MEOMETPUA KOTOPOro MCEeBAOEBKAU-
AoBa. B cBoem 3HaMeHWUTOM BbICTynNNeHUW nepea coBpaHuem He-
MEUKUX ecTecTBOUCNbITaTenen U spaveni B KenbHe, KoTopoe umeno
pelaioliee 3HaYeHne ANA LUMPOKOTO RPU3HAHWA TEOPUM OTHOCH-
TensHoCTH, [.MUHKOBCKWIA BbIpasun 3Th uaen cneayluwm obpa-
30M:

""Munoctussle rocnoga! Bo3speHWA Ha NPOCTPAHCTBO M BPEMA,
KOTOpble A HamepeH Mepea BamMu pa3BuUTb, BOIHWKNM HA IKCNepu-
MeHTanLHO-U3UYECKOA ocHoBe. B 3tom ux cuna. Mx rteHaeHumA
pagukansHa, OTHbIHE NPOCTPAHCTBO CaMo No cebe W BPeMA camo
no cebGe ROMKHbLI OGPaTUTLCA B PUKLUM U NitlLb HEKOTOPLIA BUA
COEAUHEHUA OBOWX AOIKEH Elie COXPaHUTL CAMOCTOATENLHOCT ! S

'* P.MunkoBckMi. Raum und Zeit, [loxnan, chenaHusiit 21 centsipa 1908 r.
Ha 80-M coBGpaHMW HeMeLKUX ecTecTBOMCUbITaTelel W Bpaveli B Kenbhe Phys. ZS,
1909, b. 10, 8. 104).
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v/ —1, coxpanalowux KsagpaTuunyio dopmy x2+ p2+ z22—~%,

Mb1 3HaeM, YTO MOACTAHOBKH 3TO# rpymnbt (npy ! = 1) ABNAIOTCA fI4-
HelHBIMH TIOACTAHOBKAMHM, HE H3MECHAIONMMH KBa[paTHIHOH GOpMBI

x2+yt 422 -1,
TlonoxuM, ¢ Apyroi cTOpoHsl,
&= 57/51, 5F = (6x, 8y, 52),
Ty =8, F/811, §,F=(81%, 813, 612).
Mbl BUAuM, uYTO B pesyibrate npeoGpasoBaHua JlopeHua BesMuMHBI
5x, 8y, 8z, 8t u 8,x, 8,y, 612, §,¢ nomBepPrawTCA TAKHM K€ JIMHEHHBIM

MOICTAHOBKAM, KaK X, ¥, Z, L.
ByneM paccMarpuBarb

v/,
5x, 8y, bz, St/—T,

81x, 81y, 612, 8,0/-1,

X ¥, Z

KaK KOOPIMHATHI Tpex Touek P, P, P’ B IpoCTpaHCTBE YeThIpEX H3MEpPEHHMH.

Jlerko BuAeTs, 4TO NpeoGpasoBamye JIopeHna NpeRCTaBiAer He UTO
MHOE, KaK [MOBOPOT B 3TOM IIPOCTPaHCTBE BOKPYT Hauana KOOpPMAMHAT,
PaccMaTpUBAEMOTO HENOMBIDKHBIM.

Takum o6GpazoM, OTNMUHBIMH [APYT OT Jpyra MHBA| MAHTAMM GynmyT
TONBKO WIECTb PACCTOAHMI Mexmy Tpems Touxamu P, P, P w uauaom
KOOPIMHAT, WIM, €CJIM YTOJHO, IBA BbIPOKEHHA

X2 +y? 422 —12, xbx +yby +25z — tBt,

WIM YeTblpe BbIPAXEHHA TaKOH ke QOPMBI, MOMYHAIOLWMECA B Pe3yibIaTe
060 nepecTaHoBKH Tpex Touek P, P, P,

Ho uHBapHaHTBI, KOTOpbIE MBI IIBITAEMCA HAHTH, ABIAIOTCA HYHKUMA-
MH [IeCATH NepeMEHHbIX (2); MOITOMY MBI HOIDKHBI OTBICKATH MEXIY
KOMOHHAIMAMK M3 HALIMX HIECTH HHBADHAHIOB T M3 HUX, KOTOPBIE 3aBHCAT
TOJIBKO JIKIUB OT JTHX AECATH MEPEeMEHHbIX, T.e. Te, KOTOpble ABIANTCA
OJIHOPOAHBIMH GyHKIMAMHM cTeneHH 0 KaK MO OTHOLIEHHIO K 8X, 8y, 82, §f,
TaK M 10 OTHOLIEHHIO K & 1 X, 8y, 6,2, 6,1,

8*A.A. Jloryuos
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[image: image42.png]Takum 06pa3oM, HAM OCTAOTCA CIEAYIOLIME YCTHIPE PA3THYHbIX HHBA-
PHAHTa:

> >
1 —v+2,

1
CVE il et ®

> > >>
32 . I=T*v» I-TY

3aiimeMcs Teneph NIPe0GPa3OBAHMAME, KOTOPHIM TIOJBEPTAITCA COCTA-
BIAWIIME CYIbI; 06paTMMCA K ypasHeHuam (11) § 1, xotopsie oTHocATCS
He K cunie F', paccMaTpHBaeMo# HaMH Ceifyac, a K CWIe, OTHECEHHOM K e[H-
HHIe 06beMa.

Tonaras, xpome Toro,

% >

f,=F%,
MBI BUIIMM, YTO 314 ypaBHerus (11) moxuo (mpu!= 1) nepemmcars B BHpe
i _ L.
£L=, 85, fi=10, - 6f,),
r_ '
£yt fh =1, ®)
Takum oGpasom, fo fy, Iy f, npeobpasylorca Tak e, Kak U X, ¥, z, L.
CremoBarensio, HHBAPHAHTAMH IDYHNbl GyAyT CNEAYIOIME BbIpOKeHUA:
ES >
PR F—fonfor =11,
% >
f-B,r—ft-Slt‘
> >
Opnnaxo HaM HYXHsI He [, a ', npHuem
T=F3.
Msi BUOHM, uTO

Fif=T/f,= 1p.

- >
Taxum 0Bpasgm, npeoGpazosanme Jlopenua meiictsyer Ha F, T touHo
TaK e, KaK H Ha f, ft » C TOA pa3sHHMIEH, YTO ITH BBIpOXEHHA ByayT yMHO-
JKEHbI, KPOME TOTO, Ha
1

p_ _ Bt
T =gy 7
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bcd -
AHATOFKYHO, HAa BEJMYMEBl 2 , 1 OHO BymeT AeHCTBOBATb TaKUM Xe obpa-
30M, KaK M Ha dx, 8y, 6z, 8, c TOil, ONHAKO, pa3HMLEH, 4TO ITH Mocme-
HHUe BbIPOKEHHUA GYAYT YMHOXEHbI, KPOME TOTO, HA OOUH U TOT XKe MHO-
KUTENb.

5t 1
57 y(1—pm) °

Bynem paccmaTpuBaTh 3a1eM fx, 1. o fz, ft KAaK KOOpOMHATBI HEKOTOPO#
yeTBEpTOil TOUKM (J; TOTAA MHBAapHAHTAMU GYMyT CIYXHTh GYHKIMH B3aUM-
HBIX paccrosuuit naTH Tovex O, P, P, P, Q; cpepy 37MX byHKUMIl MBI 10J-
JKHBI OCTABMTb TONIBKO T€, KOTOpPbIe ABJANTCA OAHOPOMHbIME cTemnenn 0, ¢
ONHOM CTOPOHBI, IO OTHOILEHUIO K fx, 1. 1.1, bx, 5}_/),52, 8t (mepemensrie,
KOTOpBIE MOXHO 3aMEHHTh NIOTOM Ha va, f s Fz, T, v, 1) u, ¢ Apyro# cro-
POHBI, 10 OTHOLIEHHIO K X, 8y,, 8z; , 1" (IepeMeHHbIE, KOTOPBIE TaKXe
MOXHO 3aMEHUTh 3aTeM Hat; , 1).

Takum 06pa3oM, KPOMe NPEXHHX YeTbIpeX HHBAPHAHTOB (5), Mbl Ha-
XOJIMM CJIEOYIOIHE YeThipe HOBBIX Pa3IHYHbIX HHBAPHAHTA:

Prr B3-Tet F,-T F3-T

, , — 7
1-22 V132 "V1-92V1-82 7 1= @

CornacHo ompepeneHuw T , NOCHeHMA MHBADHAHT BCErJa paseH
HYTIO.

YCTaHOBMB BCE 3TO, MOCMOTPHM, KAKHE YCIOBHA TOIDKHBI GbiTh Bbl-
TIOJTHEHBI.

1. Tlepsas uacts cooTHowerus (1), onpepensmomas CKOPOCTb pac-
PPOCTPAHEHUSA, AOMKHA ObiTh (YHKUMEH OT YETHIPEX MHBAPHAHTOB (5).

3pech, OUEBHOHO, BO3MOXHO MHOXECTBO THIOTe3, U3 KOTOPbIX MbI
PaccMOTPHM TOTBKO 1BE.

A. MOXHO NONOXHTb

.
Fret2 =p2 — g2 =0,

oTKyfda t = * r,a TaK KaK ¢ JOJDKHO GbITh OTPHLATENIBHBIM, TO

t=-r

370 TOBOPHUT O TOM, YTO CKOPOCTh PACIpOCTPAHEHHA PaBHA CKOPOCTH
CBeTa.

Ha nepsbiii B3riAm MOXeT MOKA3aThCH, YTO 3Ta THIOTE3d JOIDKHA
GbITh Cpasy xe oTOpouwleHa Ge3 panbHeiulero obcysxkaenus. B camom pene,
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[image: image43.png]Jlannac wokasan, Yro pacHpOCTpaHeHWe CWI TAFOTEHHS NPOMCXOIMT WIH
MTHOBEHHO, WIH CO CKOPOCTbIO, BG MHOTO pa3 IpeBOCXOMALIEH CKOPOCTh
ceera. Ommaxo Jlamnac paccMaTpHBanT TMIIOTE3y KOHEUHOH CKOPOCTM pac-
NIPOCTpaHeHHs ceteris non mutatis (IpH MPOYMX HEM3MEHHBIX YCIOBHAX);
3/IECh e, HAMPOTHB, 3Ta TUNIOTE3a OCHOKHEHA MHOFHMHE APYTHMH, H MOXeT
CIIYUHTBCA, YTO MEXOY HHUMH GyleT HMeTh MecTo Gollee WIH MeHee NOJHan
KOMIICHCAUMA, BPOAE TOH, YTO Mbl HEOOHOKPATHO BMIETH HA MHOTOUMC-
TIeHHBIX IIpUMepax B pe3ybIare npeobpasoBanus Jlopexua.
B. MoxHO nornoxurb

>
=0, t=7v,.

Ilpy oTOM CKOpUCTB pAacTpOCTpaHEHHs ropasfo GOJNBIIE CKOPOCTH
CBETa; OOHAKO B HEKOTOPBIX CIy4afiX ! MOXeET GblThb TOJNOXHTEIbHBIM,
410, KaK yxXe 6bUI0 CKa3aHO, NPeCTABIIACTCA MATONPHEMIIEMBIM. [ToaTOMY
Mbt 6yOem npudepxuaarsca 2unoresvt (A).

2. Yersipe uupapuaHta (7) MOIDKHBI 6biTh QYHKLUMAMM MHBAPHAHTOB
). N

3. Ecnu nmBa Tena HaxopATcA B aGCONIOTHOM NOKOE, TO F [IOMKHBE
KHMETb 3HAYeHMsI, COOTBETCTBYIOIUME 3aKOHY HBIOTOHa; ecnu e OHM Haxo-
AATCA B OTHOCHTEJIBHOM MOKOE, 5TH 3HAYeHHs TIOJYUAKTCA M3 yPaBHeHUH
4).

Ilo rrnotese aGCcOMOTHOTO MOKOS, NMepBbie B2 MHBapHaHta (7) HOmX-
Hbl IPHBOIMTHCH K

>

z >
F?, F-F,
WIH TIO0 3aKOHY HeioToHa K
1

11
o

C nmpyroil cTOpOHb, MO rumotese (A) BTOpPOHl M TPETHIA UHBAPHUAHTHI
(5) npuBopATCA K

> >
rtrev

Vi-o ’

T.€. NpH aBCcoNIOTHOM NOKOE K

r+7'5|

Vi-22

--r —r
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M1t MOXeM [IOMYCTHTb € kauecTee MpUMepPa, NTO [XBA NIEPBLIX HHBADH-
aHra (7) cBOmATCA K

A=312/e+38,), i3/ +33),

XOT# BO3MOXHBI H APYTHEe KOMGHHAIMH.

Heobxopmumo cpenate BbiGOp cpeny ITHX KOMOMHAIDH H, KpoMe TorO,
HaM HYXHO €le TpeThe ypaBHeHMe I onpenenehus F . Jlna nomoGHoro
BbIGOpa MBI [OMXHBI CTPEMHTBCH, HaCKONMbKO BO3MOXHO, HE OTHAIATHCA
or 3axoHa Hbiotona. Hogm_grpnm Telepb, YTO MOMYYAETCH, €C/H NpeHebpeus
KBa/IpaTaMH CKOPOCTeH ¥, ¥, (Monaras no-pexseMy £ = — r).

YeTsipe uHBapHanTa (5) NPUBOOATCA TOTIA K BHAY

0, ~r~F&, —r—Fd,,1,
a veTbipe HHBapHaHTa (7) K BHAY
B2 FG+0r),B@, -5, 0.

Onnako mwis TOro 4To6bl HMETh BO3MOXHOCTb CPABHHTS 3TO C 3aKOHOM
Hbwotona, HeoGxomumo apyroe npeoGpasoBanme; 3hech Xo + X, Yo + ¥,
2o + Z NPEACTARIIAIT KOOPAHHATDI PHTATHBAIOLIETO Tella B MOMEHT BpeMe-
HH to + ¢ u r =fF), B 3aKone xe HbloTona HYXHO pacCMaTpHBaTh KOOpAMHa-
Tl Xg + Xy, Yo + ¥1, Zo + 2, IPHTATHBAIOIIETO TENIA B MOMEHT fo H pac-
croamme ry = [ry 1.

Mbi MOXeM TipeHeGpeus KBaJpaToM BpPEMEHH !, HEOGXOMMMOTO A
PAacTIpOCTpaHeHHs, U, CIEAOBATENBHO, IOCTYHATh TaK, KAK eCiH Obl ABHXKe-
HHe GBIIO PABHOMEPHBIM.

B Takom cnyuae nomyuum

= >
F=F 481410 - 1) = 1G+Fy)
WIH, TaK KaK
_ > _ > > _ > >
t=—r, F=r -0y r=ri—rv,,

HalllM YeThIpe HHBapHAHTA (5) CTAaHYT paBHBIMH
0, - +7G1-8), ~r, 1.
2 yeTsipe WHBapuanta (7) —
B By +@-80n) £4@ D), 0.
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[image: image44.png]Bo BTOpOM M3 3THX BBIPOXEHWH Mbl HAlMCAIH 7 ; BMECTO 7, IOTOMY
4TO 7 YMHOXEHO 3[1ech Ha V-V a KBafipaTOM U’ MbI NIpeHebperaem.

C npyroit cToposbl, No 3akoHy HbioToHa Mbl monmywwin Gbl QA 3THX
yeTbipex nHBapuanron (7)

1 1 HG@-5) F.6-%)
a8 r r? ’ r ?

CnenoBaTeNihHO, ecllH Mbi 0GO3HAYHM BIOPOH M TPeTHil MHBAPMAHMTBE
(5) uepes A u B, a nepsbie TpH MHBapuanta (7) uepes M, N, P, 10 mMu
YIOBNETBOPHM 3aKOHY HbI0TOHAa ¢ TOMHOCTBIO O WI1EHOB BTOPOro Mopsp-
Ka M@IOCTH, ONOXKHB
A A-B
BT

M—F- N=+ P=73—. (8)

370 pelueHHe He eMMHCTBEHHOE.

B camom gene, mycrs C ects YeTBepThiii MHBapHaHT (5) M mycrs C—1
MMeeT NMOPAMIOK KBajIpaTa y TaK Xe Kak u (4 — B)?.

Takum 0Gpasom, Mbi MOXeM NPHGABHTb K MPaBbIM YAaCTAM KaXnoOro
U3 ypaBHeHMH (8) wneH, cocTaBneHHBIR W3 C —1, yMHOXEHHOTO Ha (IPOH3-
BONMBHYI0 dyrKimio 0T A, B, C, u wien (A—B)?, TaKXe yMHOXEHHBIA Ha
bynximo o1 A, B, C.

Pewierne (8) kakercsi,Ha NepBbIH B3rNAM, HaHGONEE NPOCTHIM, HO
TEM He MEHEE OHO He MOXeT Objmh npmmro§B camMoM nefie, Tak kak M,
N, P apnaiotea GyHKimamu o1 F wor I = F- %, TO M3 3THX Tpex ypaBHe-
HHii  (8) MOXHO NonyuMTh 3Haueus F, ONHAKO B HEKOTOPbIX CIAYYaAX
ITH 3HAYEHAA CTAHOBATCA MHHMBIMH.

Jina toro,uro6bl H3GaBHTbLCA OT TAKOTO HeyHOGCTBA, MOCTYIHM ClIEMy-
01MM 06palom.

Monoxum

1 1
Yo T /=S ) B,
Vi-3? Vi1-2?
4TO ONpAB/bIBAETCA AHATIOTHEH ¢ 0603HaYEHHEM
Y F =
durypupyowmm B nogcraHoske Jlopenua.

20

B 3tom cnyvae, a Tak)ke B CHILY YCIOBHA — F =
TIpUBOJATCA K

t, HHBapHaHTBI {5)

0, A=— 7o (r+Fd), B=—y(r+53)),
C=yom1 (1 *1’7'51)
C [pyToil CTOpOHBI, Mbl BHAMM, YTO CIIEJLYIOLIHE CHCTEMbI BEMUMH:
x, ¥, z, =-r,

YOFX. ’YOF),» 7°Fz’ YT,

YoV, ’YOUy. YoV, Yo

TV MV NV Yo
NIOABEPralwTCA TaKUM Xe CAMbiM JIMHEHBIM MOJACTAHOBKAM, KakK H TpH
npeoGpasoparuy rpynms Jlopexua.

’3Aecn. lyaHicape BnepBble BBOAMT COBOKYMHOCTM Benwuuh F,

= (v,T, 'yoF) nu, = (Yo, Yot , npecbpasyiowueca no Tomy xe
NWHEHOMY HeNPUEOAMMOMY (TeH30pHOMY) 3aKoHY, tn'o'u coBO-
KYTHOCTS NPOCTPAHCTBEHHO-BPEMEHHBIX KOOPAMHAT X, = (1, %),
M HOCALLEE HbIHE HAIBAHWA 4-BEKTOPOB CUNbI W cxopocm fipu

ITOM, TOXAECTBEHHO BbINONHAIOTCA COOTHOWEHNA 1> = | 1 u“Fu—O.
Takum 05pa3oM, Mbl IPUXOIUM K CIIEAYIOWHM Y PABHEHHAM

>

F o= 07/70 +bo+ 6‘6171/7&

T=—ar/yo +btcey /. 9

>
AcHo, uto ecnu 4, b, ¢ — uHBapHanThl, T0 F, T yIOBIETBOPAIOT OCHOB-
HOMY YCIIOBHIO, T.€. OJABEPrawTcA Bcneacrsue npeoGpasopanus Jlopenua
COOTBETCTBYIOLIEH THHEHHON NIOACTAHOBKE.

Ho gna toro utoBul ypaeHeHusA (9) GbUIM COBMECTHBI, HEOGXOOMMO,
4TO6bI



[image: image45.png]>
WiH, noce 3amensl F, T ux 3HaueHMAMH M3 (9) M yMHOXeHHS Ha 73 |
-Aa-b-Cc=0. (10)
MsI xoTHM, 4TOBKI MpH OTOpPACHIBAHMM, N0 CPAaBHEHMIO C KBafipaToM
-) >
CKOPOCTe#l CBET4, KBAPaTOB CKOPOCTEH ¥, Uy, & TaKXe TPOU3BECHUI
YCKOPEHUil Ha PACCTOAHMA, K3K Mbl 3TO [ENallH Bbillle, 3HaueHus £ ocTaBa-

JHCH COOTBETCTBYIOLIMMH 3aK0HY HbloToHa.
MBI MOXEM NONOKHUTL

b=0, ¢c=-ad/C
C 10YHOCTbIO 0 NPUBTIDKEHNA IPHHATOrO HAMK nopsiaka 6ynem uMers
A=—r +3@,

Yo=11=1,C=1, ~5), B=—r,,

Meppoe ypaBHenue (9) mpumer Torna Bun
F=a( —Aty).

Ho ecmy mpeneGpeus KBafpaTtoM v, To AY; MOXHO 3aMEHHTh Ha —
7y WIH Ha — ryq, 910 aet

I:’) =a(; +i;1r):a;1.
Ilo 3aKoHy sxe Hpi0TOHa MBI NONy UMM 6b1
F=-% 3.
Takum o6Gpaszom, mm HMHBAPHAHTA @ MBI OMXKHBI BBIGPATh TOT, KOTO-

phiit mpuBopuTca K —1/r 3 npu TouHOCTH NopAnKa.mONyWeHHOTO MPHGIH-
xeHus, T.e. 1/B3.

Ypapreuusa (9) npuHMMarOT BHZ,

F=3/70B° — 7,43 /o B*C,
T= “7/7033 _'hA/’YoBBC (11)
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O1ci10Ha MBI BUMM TNIPEXKJIE BCETO, UTO MCIPABJICHHOE BbIPAXEHKE [UIA
NPUTAKEHHA COCTOMT K3 [BYX COCTABAIOLIMX: OfHA NapajielbHa BEKTOPY,
COEIMHAIIEMY MECTONONIOXEHHA 0GOMX Tei, a Apyras NapajsenibHa CKo-
POCTH APHUTATYBAIILEIO TENA.

HanomuuMm, YTo KOrla Mbl FOBOPHM O NOJIOXKEHHH WIM CKOPOCTH NPH-
TATHBAIOLIErO TeNa, TO MPH 3TOM pedb WIET O NOJIOKEHHH WM CKOPOCTH B
MOMEHT, KOF[a TPaBUTALMOHHAsA BOJNHA MOKH/aeT ero; HaoGopor, mis
NPUTATMBAEMOro Tela peyb HIET MPH ITOM O €TO NOJIOKEHHH HITH CKOPOCTH
B MOMEHT, KOT[la FPaBHTALMOHHAA BOJIHA JOCTATAET €T0; MNPENNONAraeTcs,
4TO 3Ta BOJIHA PACIpOCTPAHACTCH CO CKOPOCTHIO CBETA.

A nonaraio, uto GbuTo GbI MpexiieBpeMenHo Goree noppoBGHO 06Cyx-
natb 31M Gopmynsl. [l03ToMy OrpaHHUMMCA HECKONBKHMH 3aMEUAHHAMMU.

1. Pewsennst (11) He efMHCTBEHHBI, B CaMOM Neiie, BENIUYHHY 1/33
BXOOALUYIO BClOAY KAK MHOXHTEITb, MOXHO 3aMEHHKTb Ha

7'3+ (C= Y1 (A, B, )+ (4 - BY*f,(4, B, C),

roe fi u f, — npousBonsHble yHKuMH oT A, B, C, WK Xe He CUHTATh
Gonblile b paBHBIM HymMo, a NpuGaBuTe K @, b, ¢ Kakne-HUOyap noGapou-
Hble WieHbI, S Gbl TONBKO OHM yOOBIETBOPANK ycnoBHio (10) u Obuin
BTOpOro MOPALKA OTHOCHTENbHO U B yacTH, OTHOCALLEHicA K 4 , 1 NepBoro
TIOPSAIKa OTHOCHTEJIBHO O H .
2. [lepBoe ypaBHeHue (11) MOXHO Nepenucath B BHle
>

F=— B0+ 5, 7D, (11"

Bl -

npuqu Bmpaxcl-me B KBaD.paTHbIX CKOGKHX TaK>X€ MOXXHO NEPenucaTh Kak
> > > >
G+o,)+ [BX & XF]]. (12)

Takum 06pasom, MONHYID CHITY MOXHO PA3fIOKHTh HA TPH COCTABIIAM0-
ILiHe, COOTBETCTBYIOLIME TPeM CKOGKam B Beipaxewun (12); mepsasm coc-
TABJIAIOWAA HMEET HEKOTOPYIO AHAJIOFMI0 ¢ MEXaHUYECKOH CWIOH, 0ByCIioB-
TICHHOH 27IeKTPHYECKHM TOJIEM, @ [BEC [ApYrHe — ¢ MeXaHHUEeCKOH CUJIOH,
06ycnoBenHoit MarHKTHbIM nioneM. s Toro yto6bl AOMONHMTH AHANIOTHIO,
MBI MOXSM, COIJIAGHO 3aMEYaHHIO |, 3aMEHHTb B ypaBHEHHH (ll) 1/B% ua
C/B® tak, uto6bl F 3aBHCENH TONBKO JIMHEHHO OT CKOpOCTH v APUTACK-
BaeMOro Tena, Tak xak C IIpH 3ToM u3 3Hamenarens (11' ) ucuesaer. Io-
NOXHM Jajiee

=y G i) h=mih X3, (13)
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[image: image46.png]a 1aK xak C Mcye3ro U3 3HaMeHarens (1 '), 10
1 > 1

Fegtt s loX i ). a4

K TOMY e Gynem umeTs
B* =32 —j2, (15)

Lpu s1om ¢ g ¢/B? wurpaior pons 3MEKTPUUECKOTO 11071, B TO BPEMA
KaK h, WK, Bephee /B> — poIlb MarHUTHOTO MOJIA.

3. Toctynar OTHOCHTENBHOCTH OGA3BIBAET HAC NPHHATH peluenne (11)
Wi penterye (14), WM Kakoe-HuOylb M3 pPELICHHH, MONYYAEMBIX TpH
yuete 3ameuanua 1. OpgHaxo mpexae Bcero ciemyer sagats cebe BOmpoc,
COBMECTHMbI JIM 3TH pELIEHHA C aCTPOHOMHYECKHMH HabnmwoneHusamu. Pac-
XoXnaeHHe ¢ 3akoHoMm HbioTona Gymet nopanka 2, T.e. B 10000 pa3 MeHb-
e, 4eM ecii 6bl OHO GbLIO MOpANKA ¢ , T.e. eciiu 6bi CWIbI TATOTEHUA pac-
IIPOCTPaHAIHCh CO CKOPOCTBIO CBETA, Cetéris non mutatus; MOITOMY MOXHO
HafeATHCA, YTO 3TO PACXOXIEHHE HE CIMIIKOM Beruko. OIHAKO TONbKO 06-
CTOATENbHOE 0GCYXIEHHE MOXKET TIOTHOCTBED OCBETUTH ITOT BOMPOC.

*
Mepeuncnum KpPaTKo HeKOTOPbIe OCHOBHLIE PE3YNbTaThi, NOMYYeH-
Hble [yaHkape B atoi pa6orTe.

Brepssle cthopMynnpoBaH NPUHLUMN OTHOCUTENBHOCTU ANA BCEX
hU3NYECKUX ABMEHWA.

BnepBble nokasaHo, 4To fpeobpa3zoBaHuA JflopeHua BmecTe ¢
MPOCTPaHCTBEHHLIMU  BpaleHUAMU 0BpasyloT rpynfy, KoTopam
6bina Haszeana Myankape rpynnoit NopeHua. MocTpoeHsl WHBUHK-
TeaumansHble onepaTtopbl rpynnei Jlopenua. OTKpbIT hakT uHBaApK-
aHTHOCTM KBaapathuron diopmbl 12— x*>— y2— 22 npu npeo6paso-
BaHUAX rpynnet Nopexua.

YcTaHoBNeHo, u4To Takue pasnuuHble uU3nuecKue BenuyuHbl,
Kak (p, PUL. PV, pvz) — NROTHOCTL 3apAAA N TOK, (y, AY. A4, Az) -
CKanApHLIN U B8eKTOPHLIA NoTeHumnansl, (f, fx, £, fz)'— pa6boTa B
eaAnHnULyY BpemMeH” W Cuna, OTHeCeHHble K eavHuue oﬁbema,

( Fi _Fe _Fy  Fi )
ViD= P V1202 V-3

S
rae F — paboTa B eaMHULY BpemeHu n I — cuna, OTHECEHHAR K ean-
HWue 3apAaa,

wnun
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t Uy t z
<\/]le2‘ VAP T V1= ’ 1—¢?
poCTbL wUnu MOMEHT KONU4ecTBa ABWKEHWA, OTHECEeHHble K eau-
HUMHOM Macce, BCe npeobpa3ytoTcA Npw NpeobpasoBaHWMAX TPyn-
Nl flopeHua Kak BpeMA W NPOCTPaHCTBEHHbIE KOOPAWHATH! (f,
X, ¥, Z).

C nomouplo 3TUX 3aK0oHOB npeobpasosanunA lMyaxkape Bnepeble
YCTaHOBUN, HYTO YPaBHEHWUA Makcgsenna-flopeHua, a Takxe, W NTO
o4eHb BaXHO, cuna JIopeHua, AENCTBYIOWEA HA 3fleMeHT 3apAAa B
eavHvle oﬁbema, He N3MEHAKT CBOEro BUAa Npu npeoﬁpaaoaanmnx
rpynnbl Jloperua. 3TUM cambiM GbINO CTPOTO NMOKA3aAHO, HTO HK-
KakKuMi  3NeKTPOMarHuTHbIMK ABNEHMAMU HefMb3A YCTaHOBWUTL,
HaxoguTeCb NU Bbl B COCTOAHUU noKoA nau I'IpﬂMOJ'IMHeﬁHOI’O n
PaBHOMEPHOr G ABMXEHNA.

> — 4-KOMMNOHEHTHaA CKO-

Takum obpasom, fMyaHkape nokasan, YTo u3 ypasHexnih Maxc-
Benna-JlopeHua MPUHUMM OTHOCWTENLHOCTM ANA  3NEKTPOMArHWT-
HbIX ABEHUI CABAYET KaK CTPOTaA MaTeMaTUYeCKaA ncTuHa.

MyaHkape Bnepsble YCTaHOBWA PENATUBUCTCKWA 3aKOH Cno-
YKEHUR CKOPOCTeN.

WM nepebiM 6biNa NOKa3aHa WMHBAPWUAHTHOCTb wHTerpana Aen-
CTBUA ANR INEKTPOMArHWTHOIO NONA NpU MNPeobpas’oBaHMAX rpyn-
nel JlopeHua, OTKPbITh) (hyHAAMEHTanbHble MHBAPWaHTbl 3NEKTPO-
MarsuTHOro Nona

E2 - E-.

MyaHKape RepBbiM OTKPbIN YP3aBHEHWA DENATUBMCTCKON Me-
xaHuKy (B eAnHnuax m =c = 1)

.
_E(*)) -7
dt I—v
d 1 2.
dt (\/ITUT) =k,
W HaNWCan COOTBETCTAYIOWEE UM BbipaxeHne ANA hyHKuun Jlarpan-
a ABVKYLUENACA MaTePNanbHON TOUKK .

MyaHkape BBEn NMPOCTPAHCTBO YETbIPEX W3MEPeHW’: C Koopawn-
Hatamun (x, y, z, t\/—1) v nokasan, YTo NPeobpPasoBaHNA rPYNMbl
fNopeHua cOOTBETCTBYIOT Pa3nuUyHbIM N080OPOTaM B 3TOM NPOCTPaH-
CTBE BOKPYr Havana KoopauHat. TlocTpoun pasnuyHble UHBAPUAHTbI
rpynnibl [lopeHua.




[image: image47.png]WM Bbina BoIABUHYTA TUNOTE3E, YTO BCE CWMbl NPUPORbE, BKNHO-
4aA rPaBUTAUMOHHbIE, AOMKHbI NPeo6pPasoBLIBaTLCA OAUHAKOBLIM
obpasom npu npeobpasoBaHuAx JlopeHua.

Myarkape BBen npefcTasneHWe O rPaBUTAUMOHHBIX BOMHAX,
PacnpoCTPaHAILIMXCA CO CKOPOCTLIO ceeTa. flokasan, 4To runoTesa
0 PacnpOCTPaHeHun CUN TPaBUTaLMOHHOIO MPUTAXKEHWA CO CKOPOC-
ThIO CBETA He NPOTUBOPEYUT HabnioAaTeNbHLIM AdHHBLIM.

A.A. Jlorytos

Kpa6oram AHpu [lyaHkape
” O AUHAMUKE QJIEKTPOHA ™
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