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AHHOMauusi

Paccmampuearomcsi npedcmaerneHusi 06 anekmpudyecmee, esedeHHbie [Dx. K. Makceennom. [Moka3aHo,
4Ymo KO/Iu4ecmeo afiekmpuyecmea, usmepsieMoe 8 cospemeHHou chu3duke 8 KyrnoHax, coomeemcmeyem
0bbeMy Muposol cpedhbl.

Heo6xoauMo mpu3HaTh, Kak Obl 3TO HU OBLIO TPYAHO A (PU3MKOB MPO(ECCHOHANIOB, UTO
MOJIOXKEHUE el B (PU3MKE Ha CErOAHs HEYAOBIETBOPUTEIHHOE.

dusnka — HayKa 0 mpupoae — B XX BeKe pacnajach Ha (parMeHTapHbIe AUCHUIUINHBI, TAKHE
KaK CHelalibHas Teopus OTHOCUTEIbHOCTH, OOmIasi TEOpHsl OTHOCUTENbHOCTH, KBAaHTOBAs
MEXaHUKa U JAp., KOTOpbIe Bpoae Obl OTpakaloT OOBEKTUBHYIO PEabHOCTh B Y3KOW o00jacTu
3HaHWH, HO B 1IEJIOM HE COTIACYIOIINUECS MKy COOOH.

@uszuka XX BeKa yTpaTwia B CBOUX IIPEACTABICHUAX IPUHLUII NPOCTOTHL. IlepBHuHBIE
MOHATHSL O MPHUPOJAE HE AODKHBI OBITh CIHOXKHBIMU. CJIOKHOCTH BO3HHMKAET M3-32 HEBEPHBIX
IIPEACTABICHUH O NIPUPOJIE.

Cutyanusi 37€Ch aHAJOTMYHA TEOLICHTPUYECKOW M TEIHOLIEHTPUYECKOW KapTHHAM MHpA.
I'eonenTpuueckass KapTHMHa MHpa, paspabortanHas lItonmemeeMm, TOYHO ONMUCHIBANA TMOJOKECHHUS
miaHeT Ha HeOocBoge. Ho oHa He o0O0BscHsAIA MHOTHX (aKTOB, TaKHX, HampuMmep, Kak
BO3HUKHOBEHME 3IUIMKIIOB WJIM MOMATHBIX JBHKCHUU IUIaHET. B 3TOM KapTHUHE MUpa BCE TEOpUEH
OTHCHIBAIIOCH, HO MHOTO€ OBIJIO HEMOHSTHO.

I'ennoneHTprueckasl KapTHHa MUpa BCE IIOCTaBWJIa HA CBOM MecTa. Bce crano 3HauMTENbHO
MIPOILIE U MTOHSTHEE.

Amnanornyao oOctosAT Aena u B ¢usznke XX Beka. CrenuanbHas TEOPHs OTHOCHUTEIBHOCTH,
oO11asi Teopust OTHOCUTEIBHOCTH, KBAHTOBAsI MEXaHUKA U JIP. BCE OMUCHIBAIOT, HO MHOTOE HE MOT'YT
OOBSICHUTD.

Heo6xonumMo BHecTH B GU3HKY KaKOE-TO BAKHOE U3MEHEHHUE, KOTOpOe Obl 00BETMHIIIO BCE ATH
YaCTHBIE PAa3pO3HEHHBIE TEOPUH U BCE YIIPOCTHUIIO.

OTO Ba)XHOE M3MEHEHHE KPOETCs B MPEACTABICHUSAX 00 3JEKTPUYECTBE. DTOT BOMPOC CTABUII
Makcgemn [1]: «Bo3Benst 31eKTpUYeCTBO, KaK MBI 3TO CHIENIANH, B paHT (GU3HMYSCKON BEIIMYUHBI, HE
CJIeIyeT CIMIIKOM CHEIIUTh C YTBEPKJIEHUEM, YTO OHO SIBJISIETCS] WM HE SIBJISIETCS BEIIECTBOM, HIIU
K€ UTO OHO SIBIISIETCS WJIM HE SBIAeTCS (OPMOI SHEPTHH, UM K€ YTO OHO OTHOCHUTCS K KaKOH-JIH00
W3BECTHOM KaTeropuu (PU3NYECKUX BETUYMH. ...Benmumuumubl «KOIWYecTBO 3IEKTPUYECTBA» U
«[lorennuan», Oyaydu NEPEeMHOXXEHHBIMH ApPYyr Ha Jpyra, oO0pa3yloT BeIHUYHUHY «DHEpPrHs».
...Ecrm Obl HaM y#amoch TMOJNYYUTHh SICHOE MEXaHHUYECKOE IMPEJICTaBIEHHEe O MPHPOJE
ANEKTPUYECKOTO MOTEHIMANa, TO B COYETaHUU C MPEICTaBICHUEM 00 SHEPTrUU ATO MO3BOJIUIIO OBI
HaM ONPEACTHUTh Ty (PU3NYECKYIO KaTETOPHUIO, K KOTOPOH CIEAYeT OTHECTH «IIEKTPUUECTBO.

dakTH4YeCKH HEOOXO0AUMO BEpHYThCS K MaKcBeIUly U IEpecMOTPETh NEPBUYHbIE MOHSATUS — B
NIEPBYIO O4Yepeab — IOHATHE IEKTPUYECTBA.

Mg, mpencTaBUTENM COBPEMEHHOM IIMBMIIM3AIMM, HE MBICIUM CBOETO CYIIECTBOBaHHUA 0e3
ANEKTPUYECTBA. DIEKTPUUECTBO — 3TO UCKYCCTBEHHOE OCBEUICHUE, PAAHO0, TEIEBUACHUE, UHTEPHET
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U MHOTHE JApyrue Omara. DIeKTpudecKas SHEprusl Inepenaercs Ha OOJIbLIME PAacCTOSHUS O

MIPOBOJIAM.

Ho B anextpoauHamuke, pa3paboraHHoi MakcBemwiom [l], moMuMO TOKa MPOBOAMMOCTH
NPUCYTCTBYET TAaK)KE TOK CMEIICHHS U dJIeKTpHueckoe cMmeineHue. Tak MakcBemn ormevaet[l]:
«Yem ObI HU SBIISTIOCH JEKTPUUYECTBO, U UTO OBI MBI HU TIOHUMAJIH TIOJ] IBHYKEHUEM IIEKTPUIECTBA
SBJIGHUE, HA3bIBAEMOE DJEKTPUYECKHM  CMEIICHHUEM, IMpeAcTaBisieT co0oil  JIBUKEHHE
AJIEKTPUYECTBA B TOM K€ CMBICIIE, B KAKOM M IIEPEHOC ONPEEICHHOIO KOJUYECTBA 3JIEKTPUUECTBA
10 MPOBOJIOKE SBJISIETCS IBU)KEHHEM JJIEKTPUYECTBA. ENMHCTBEHHOE OTJIMYME 3aKJIF0YAETCS B TOM,
YTO B JMAJIEKTPUKE UMEETCS CHJIA, Ha3blBaeéMasi HAMU JIEKTPUYECKON yNPYyrocThio, JEHCTBYOIIAs
MIPOTHUB 3JIEKTPUYECKOIO0 CMEUICHUS M 3aCTaBIAOIIAs AJIEKTPUYECTBO BO3BPAILATHCS Ha3ald IpHU
YCTPAaHEHUU 3JIEKTPOABMKYILEH CUIIbI, TOTJA KaK B MPOBOJHMKAX 3Ta 3JIEKTpUUECKass YINPYrocTh
HEMPEPBIBHO MIPEOJOJIEBAECTCS, TAaK YTO YCTAaHABIMBACTCA HWCTUHHBIA TOK IPOBOJUMOCTH H
COIIPOTHBIIEHUE 3aBHCUT HE OT IOJHOIO KOJMYECTBA 3JIEKTPUYECTBA, CMELICHHOIO CO CBOETO
MTOJIOYKEHUS PaBHOBECHS, @ OT KOJIMYECTBA 3JIEKTPUUECTBA, MIEPECEKAIOIIEr0 CEUEHUE MPOBOJHUKA B
3amanHoe Bpemsi». C Touku 3peHuss MakcBemsia BakKyyM — TakXKe SBISETCS JUAICKTPUKOM,
OTJIMYAIOIIMMCS OT JAPYTUX JMAJIEKTPUKOB JIMIIb JUAJIEKTPUUYECKOM MPOHUIAEMOCTHIO. Buaumo,
IUIsL TOTO 4TOOBI MOAYEPKHYTh, YTO CJIOBO "BaKyyM' — IMyCTOTa, UCIOJIB3YETCs YCIOBHO, MakcBe
[IpH YIIOMHHAHUH O BaKkyyme muireT [1]: "Tak Ha3bIBaeMblif BakyyM".

Wrak, mo MakcBeny, Bce Tella HOTPYKEHbI B HEKYIO cpely. B pa3HbIX MecTax cBOMX pabOT OH
Ha3blBa€T 3Ty Cpely MO-pa3HOMY. DJIEKTpUYECKas KUAKOCTb, CBETOHOCHAs  Cpena,
ANIEKTPOMArHUTHAs cpena, 3Gup, Tak Ha3bIBAEMBII BaKyyM.

Bce TpynHocTH, ¢ KOTOpPBIMU CTOJKHYNach (u3mka XX Beka B MHTEPIPETALMU MPUPOJIHBIX
SIBIIGHUH, 00YCIOBIIEHBI OTKA30M OT 3TOH, pEaTbHO CYIIECTBYIOMIEH CPEIbI.

Uro sxe mpencTaBiseT co0oil Ta cpefa U KakoBHI ee ¢u3nueckue cBoricTBa? OTBETH HA 3TH
BOTIPOCHI MOJTyYeHbI B padoTe [2]. [IpuBeneM ux B KpaTKOM HU3JI0KCHHH.

1. Bce Tena, MOJEKysbl, aTOMbl TOTPYXEHBI B 3Ty CpeNy, COCTOSIIYIO W3 3JIEKTPOHOB. ITO
JeWCTBUTENFHO CIUIOIIHAS HETpephIBHAS Cpelia, B KOTOPOW AIIEKTPOHBI COXPAHSIOT OJIMIKHUIMA
nopsiaok. Mbl He 3aMedaeM 3TOM Cpeibl IMEHHO MOTOMY, YTO OHA BE3Jie U BO BceM. Macca Tena
MPOSIBIISIETCS. Yepe3 B3aUMOJIeHCTBUE ¢ 3TOU cpenoil. JIio0ol HYKIOH MaTepHalbHOTO Teja CO
BCEX CTOPOH OKPYKEH 3TOM CpEellod, TO €CTh MEXIY HYKJIOHAMHU U 3TON Cpeloid MPOUCXOAUT
KOHTaKTHOE ITOBEPXHOCTHOE B3aMMOJCHCTBHE. 3aKOHBI KJIACCUYECKONW MEXAaHWKHU SIBISIOTCS
BHEIIHUM MPOSIBIICHUEM CBOMCTB 3TOM Cpeibl MPU B3aMMOAECHCTBUM ¢ Tenamu. Ha makpoypoBHe
3Ta cpela MOJBUXKHA, M €€ MOXKHO paccMaTpuUBaTh KakK »JJIEKTPUYECKYIO JKUIKOCTb. B
TPAAULMOHHOM IMPEACTABICHUU K MAaTEPUAIBHBIM TeJIaM OTHOCST 3JEMEHTapHbIE YacCTHIIbI:
HYKJIOHBI ¥ 2JIEKTPOHBL. HO 3J€KTPOHBI OTHOBPEMEHHO SBIISIIOTCA CTPYKTYPHOM €IUHHULIEH 3TOU
cpensl. VIMEHHO MOATOMY MpH JBMKEHHM AJIEKTPOHOB y HHUX OOHApYKMBAIOTCS BOJHOBBIE
CBOMCTBa. DJEKTPOHBI JBWXKYTCS HE B IyCTOM IPOCTPAHCTBE, a B mojie cede momooHbix. Ho
OCHOBHas TPYJIHOCTb, CAEP/KUBAIOLIAsl IOHUMAHHE 3THX MPOCTHIX NMPEACTABICHUH, 3aKI0YAETCS
B MMOHATUHU 3JIECKTPUUYECKOTO 3apsi/ia, B TOHATUU JJIEKTPUUECTBA.

2. Bepaemcs xk Makcpemny. K kakoil (u3m4eckoil KaTeropuu HEOOXOJMMO OTHECTH BEIUYUHY
«KOJIMYECTBO 3JeKTpuuecTBa»? KolndyecTBO 3JEKTpUYECTBa, H3MEpsIeMOE B COBPEMEHHOM
¢uzuke B Kynonax, cooTBeTcTByeT 00beMy MUPOBOI1 cpefibl, 00bEMY 3JIEKTPUUECKON HKUAKOCTH.
[ToaToMy MOHSATHE <AIEKTPUYECKUI 3apsa» SBISETCS B (U3UKE W30BITOYHBIM, YCIOKHSIOIMIUM
MPOCThIE TMPEACTaBICHUA. Y DJJIEMEHTApHOM YacTHUIbl — DJJEKTpOHA — HET HHUKAKOIo
ANEKTPUYECKOTO 3apsiaa, a ecTb o0beM. [lpu 3apsokaHuM Ten, Nmpu JOOABICHHH B TeENO,
HAMpUMep, OJHOTO JICKTPOHA BOKPYT TeJia M3MEHSCTCS JIeKTpUdecKoe moe (HampsHykeHHOCTS,
AJIEKTPUUECKUI TOTEHIIMAN), TO €CTh BOKPYT Teja, Mo MaKCBeJly, BOSHUKAIOT HAMPSKCHUS B
MHpOBOI cpene. [I[pruurHoi HanpsHKEeHUHN ABISIOTCS U3MEHHUBIIMECS TTapaMeTPbl MUPOBOM CpPEJIbI
BHYTpH Tela: 00beMa, YIAeIbHOTO 00beMa, MIOTHOCTH.

Haiiném cooTHOIIEHNE MEX Y 3apsIoM U 00BEMOM DJIEKTPOHA

eKn=V, m°, (1)
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To ecTh 3apsa B 1 Kit cooTBeTcTBYeT 00EMY MUPOBOI Cpebl [2]

47
Kq = Ve (375310 ° _ 2350107 m* /K. (2)

AHanorusi MeXIy D3JIEKTPOAUHAMMKOM W TMAPOJUHAMHUKON IOACKA3bIBAET, YTO ITOCTOSHHBIN
JIEKTPUUECKUI TOK B MPOBOJHHUKE TOXKJIECTBEH 00BEMHOMY PACXOAYy MHPOBOW Cpebl Yepe3 3TOT
npoBOJHUK. [leiicTBUTENbHO, 3Has 3apsin Q, mporieqmuii uepes cedeHne MpoBOAHMKA IUIOMIAbI0 S,
¢ yuetoM (2), 00beM MUPOBO# cpeisl V OnpeaeTuTCs

V =k, [0, 3)
Paccmarpusas 3apsin Q, npouienmumii yepe3 cedeHrne NpoBOJHUKA B €AMHUILY BPEMEHH, MOJIyYUM

V =kl (4)

rae | — cuna toka, V. — 00beMHBIN pacxoa MUPOBOM CpEIbl.

I[J'DI YACIBbHBIX BCJIWYHH, OTHCCCHHBLIX K IIJIOIIaAX S ceuenus MMpOBOAHHKA, Y4YUTBIBAA, 4YTO
NPUHATOE HAIpaBJeHHEe TOKa [3] MPOTHBOIIOIIOKHO HAMIPABICHUIO IBHKCHUS JIEKTPOHOB, B 00IIEM
ciryyae OyzieM UMeTh

V=-kol, (5)

rae V — cpeHepacxoiHasi CKOpOCTh MUPOBOM CPe/Ibl B TPOBOIHUKE, | — MIIOTHOCTh TOKA.

PaccmorpumM, uTo mpencraBisier co00l 00BEMHAs TUIOTHOCTH AJEKTPUYECKOTO 3apsiga. [lo
ONpEICICHUIO
dp—dQ- dvv. _ dv _ dn 6)
\Y/ kQ v kQ v kQ )
3nech P — 00beMHas IIIOTHOCTH ANEKTPUIECKOTO 3apsiaa, Q — 3apsaa, V, V, N— o0beM, yaenbHBIHA
00BbeM, TIIIOTHOCTh MUPOBOM CPEJIbl COOTBETCTBEHHO.

W3 (6) ciemyer, 4TO 3apsa CBsS3aH C M3MEHEHHEM O0OBEMa M, COOTBETCTBEHHO, IUIOTHOCTH
MHUPOBOU CpEJbI.

B dyem 3akmrouaercs mpupoda, CYIIHOCTh OTPHUIATEIBHOTO W TIOJOXXHTEIBHOTO 3apsioB?
N30BITOK 2NEKTPOHOB BHYTPH Tella MPUBOAUT K YBEIMYCHHIO IJIOTHOCTH MHUPOBOHW CpPEIbI, UTO
COOTBETCTBYET OTpHUIATEIbHOMY 3apsany. HemocTaTok 3JIEKTPOHOB BHYTPH Tejla MPUBOIUT K
YMEHBIIEHUIO MIOTHOCTH MUPOBOM CPEJibl, YTO COOTBETCTBYET MOJIOKUTEIHLHOMY 3apsly.

N3 namumx pacCykJIeHUH BBITEKaeT, 4TO MHUPOBAsl cpena — cxkumaema. JlelcTBUTENBHO,
BBINHIIEM YPAaBHCHHE HEMPEPHIBHOCTH ISt TOKOB TIPOBOIUMOCTH [1]

op . ..
—+divj =0. 7
i ™
C yuerom (5) u (6) ypaBuenue (7) mepenurercs
1 on 1 .
- — ——divV =0, (8)
ko Ot K
HIIn
on .
— +nldivVv =0. 9
prdl 9)
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VYuuTeiBas, 4TO MHpPOBas cpena NOJBIKHA (B HEH BO3MOXKHO OJIIEKTPUYECKOE CMEUICHUE H
BpallleHUe, B MPOBOJHHMKAX — IOCTYNATeIbHOE IBIIKCHUE), MCIOJB3Ys IMEpeMeHHbIe Diiepa,
3aMeHuM B (9) 4acTHYIO IPOU3BOAHYIO — MOJIHOW. OKOHYATEIBHO MOJTYYUM YPaBHCHUE

% +n@ivV =0, (10)

npecTasisioniee co00i ypaBHEHUE HETIPEPHIBHOCTH /ISl MUPOBOM CPEJIbI.
YpaBHEHHE HEMPEPHIBHOCTH SIBISETCS OJHUM W3 OCHOBHBIX YPaBHEHHH, OMUCHIBAIOIINX
JMHAMHYECKHE MPOLIECChl B MUPOBOH cpene —adupe.

[ony4ennbiii ko3pduunent K, BbIpaxenne (2), yCTaHaBIMBAIOUIMNA COOTHOUIEHHE MEXKTY

3apsaioM U OOBEMOM OJJICKTPOHA TIO3BOJISIET TEPECUUTATh BCE DJIEKTPUUYECKUE BEIMYMHBI B
MEXaHWYECKHE €IMHMII u3MepeHus. Tak, Hampumep, HaijeMm, YeMy COOTBETCTBYET
AIIEKTPUUCCKU MOTeHIHal §, BeIpakeHHBIN B BobTax, B MEXaHUYECKUX €AMHHIIAX H3MEPEHUS

e e

Q Q

Cootnomenne (11) yctaHaBiaMBaeT CBsI3b MEXKAY DJICKTPUYECKUM MOTECHIIMATIOM, BBIPAKECHHBIM B
Bonbrax, 1 MeXxaHUYeCKHM HaIPsHKCHUEM, BhIpaKCHHBIM B [lackasx.

BriBoabI

1. KonuuecTBo 37eKTpUUECTBa, U3MepsieMoe B coBpeMeHHOH ¢usuke B KynoHax, coOTBETCTBYeT
o0beMy MupoBOH cpeabl. [103TOMy NOHATHE <AIEKTPUUYECKUM 3apsa» sBIsSeTcd B (U3UKE
M30BITOYHBIM, YCIOXKHSIOUIMM MPOCTBIE MPEACTaBICHUS. Y DIEMEHTApHOM 4YacTULBl —
JIEKTPOHA — HET HUKAKOT'O IEKTPUUECKOTO 3apsizia, a €CTb 00BEM.

2. IlpuzHanne MUPOBOW Cpeibl, COCTOSIIECH M3 ANEKTPOHOB, MO3BOJSET MO-UHOMY B3IJIAHYTH Ha
MHOTHE (pU3UUYECKHE SABICHUS U 3HAUUTEIIBHO YIIPOCTUTh UX.
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