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BBeneHue

B cratbe 006 adupe ucnonpzyercs eAMHCTBEHHAs He3aMblciaoBaras ¢opMylia, 3aMMCTBOBAaHHAs
U3 IIKOJHHOTO Y4eOHWKa (PU3UKH, MMOITOMY JUJISi 3HAKOMCTBA C COJCPIKAHHEM CTaThbH, JOCTATOYHO
3HAaHUW TOJNy4EHHBIX B 00ImIeoOpa3zoBaTesbHOM mIKoie. [1ogo0HBIE MO CII0KHOCTH CTaTbU MOKHO
BCTPETUTh B TAaKUX HAYyYHO-MOMYJSPHBIX KypHanax, kak «Hayka u xu3ab» wm «TexHuka
MOJIOICKI Y.

K crarbe mpunaraercs 4eTeipe IpuUMepa, KOTOPbIE CIIOCOOCH PEIINTh JIF000M CTapIICKIACCHUK
CO cpelnHel ero ycmeBaeMocTbio. [Ipumepbl paccuMTaHbl Ha 0CO00 JTHOOO3HATENBHBIX YHUTATENEH,
KOTOpBbIE CaMU TIOKEIAIT YOCIUThCS B JOCTOBEPHOCTH IPHBOIMMBIX B cTarbe mudp. OmHako
PE3yNbTaThl PEIICHUs IPUMEPOB TIIATEIHHO MPOBEPEHBI, U B JIOCTOBEPHOCTU MPHUBOJUMBIX B CTaThe
mudp MOXKHO HE COMHEBATHCS, IMOATOMY IPU 3HAKOMCTBE C COJCPIKAHMEM CTaThbU TpUJIaraeMbIe
MpUMepbl MOXXHO W HE paccMaTpuBaTh, a O3HAKOMHUTHCA C MpPHUMEpPaMH, €CIU TMOSBHUTCS TaKoe
KEJTaHUE, MOXKHO M TOCIIe TPOUYTEHUsI CTaThU. XOTs, KK/l BOJIEH B CBOEM BBIOOPE — €CIIM KTO-TO
MOXKeJIaeT O3HAKOMUTHCS C TpUMEpaMH Mepel HadalioM MPOYTeHHs CTaTbd WM B Tpollecce
MPOYTEHUSI CTAThU, TO 3TO €ro MpaBo. [[pumMepsl pa3menieHsl B KOHIIE 3TON CTaThH.

Hauunas ¢ 1881 rona, amepukanckue yuyeHnoie A. MaiikenbcoH u O. Mopiu, a B IOCHEACTBUE U
IpyTHE WCCIIEeIOBATeId TPOBOAMIN OIBITHL, IICNIBI0  KOTOPBIX OBLIO OOHApYyKEHUE cpeobl
pacnpocmpanenusn 31eKmpomazHumnslx 60H. Cpey pacnpoCTpaHEHHs 3IEKTPOMArHUTHBIX BOJH
OOHApYXHUTh HE YAAIOCh, M ITO TOCIYXHIIO MOBOJOM JUIsi TEOPETHUYECKHX pa3paboTOK, KOTOpHIC,
BCTyMmasi B NPOTHUBOpPEYHS C KJIACCMUYECKMMHU 3aKOHAMU (PHU3UKU, HM3MEHSUIM CYIIECTBOBABIINE
MPEACTABICHUSI O MHOTUX HAOJIO/IaEMbIX B MIPUPOJIC SIBJICHUSIX.

B 1905 roxy A. DiinmreiiH oOHapooBan CrenuaabHyl0 TEOPHIO OTHOCUTENBHOCTH, B OCHOBY
KOTOPOW OBUIM TIOJIOKEHBI MOCTYJAThl, CyTh OAHOTO M3 KOTOPBIX COCTOUT B TOM, YTO CKOPOCHIb
ceema, mo ecmov CKOPOCMb IJ1EKMPOMAZHUMHBIX 60JIH, PACHPOCMPAHAIOUWUXCA 8 6AKYYMe, UMeen
00UHAKO0GOE 3HAYEHUE 60 6CEX BOIMOMNCHBLIX UHEPUUATbHBLIX cucmemax omcuema. Ilpu sToM
Jenajgach OrOBOpPKa, YTO BaKyyM JOJDKEH CUYUTAThCsl HUYEM HE 3allOJIHEHHBIM (TYCTBIM)
npoctpancTBoM. Cre10BaTeNbHO, B COOTBETCTBUE CO CHEJIaHHOW OTOBOPKOHM, 3JIEKTPOMArHUTHBIE
BOJIHBI, B OTJIMYME OT BCSIKUX APYTUX BOJH, PACIPOCTPAHSAIOTCS BHE BCSIKOM cpenbl. OgHaKko He OBLIO
Obl OCHOBAaHUU I COMHEHHUN B HMCTMHHOCTH KJIACCHUECKHX 3aKOHOB (DM3UKH W JJIs1 TOSBIICHUS
Teopuu OTHOCUTENBEHOCTH, €CITH OBl Y1aJ0Ch BBISBUTH CPEY, BOSMYIICHHS KOTOPO MPUHUMAIOT BHT
PacipOCTPAHSIOIIUXCSI AIEKTPOMATHUTHBIX BOJIH, @ MAKAsA cpeoa cyuiecmeyem, u 6 ceoe 8pems
Hazeanu eé Ipupom.

§1. dnekTpuyeckoe norsne, npnHaanexatiee 3reKTPNYECKU
HenTpanbLHOMY BelecTBY

IIpu B3aMMHOM HaJIO)KEHUU HECKOJBKHX DJIEKTPUUECKUX IOJIEH (TIPH COBMEIIEHUH HECKOJBKHX
UIEKTPUUECKUX TI0JeH) (QOopMUPYETCS pe3yivmupyioujee IneKmpuiecKkoe noje, 3HAYCHHUE
HaNpsHKEHHOCTH KOTOPOTO B JIIOOOW €ro TOYKE paBHO TI'E€OMETPUYECKON (BEKTOPHOH) cymme
HaIIpsHKEHHOCTEN BCEX B3aUMHO HAKJIAJbIBAEMBIX ITOJIEN — TAKOB ITPOBEPEHHBIA TEOPUEN U IPAKTUKON
npuUHYUN cynepno3uyuu.

ONeKTpruYecKas HaINpsHKEHHOCTh — OTO CHJIOBAas XapaKTEPUCTHUKA JJIEKTPUYECKOTO MOJIS.
CnenoBarenbHO, IPY CYMMUPOBAHUN HAINPSKEHHOCTEN HECKOJIBKMX JJIEKTPUUECKUX IOJIEN JOJDKHBI
coOnrofaTbcs MpaBuUja CyMMHUPOBAHHS BEKTOPHBIX BelduuuH. [Ipm cymMmupoBaHuM, Hampumep,
HECKOJIBKMX MEXaHUYECKUX CUJI ONIPEAECIIICTCS BEKTOP PE3yAbTUPYIOIIEH CUIIBI, 4 BEKTOPBI CIIaraeMbIX
CWJI COXPAHAIT IPU 3TOM HEU3MEHHBIMH CBOM 3HA4eHHs. To Ke caMoe INPOUCXOOUT M IpHU
CYMMHUPOBAHUH HECKOJIBKUX BEKTOPOB JIEKTPUUYECKON HAINPSIKEHHOCTH, B TOM CIIy4ae OIpeaeisaeTcs
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BEKTOP PE3YIbTHUPYIOMIEH 3JIEKTPUYECKON HAIpPSHDKEHHOCTH, a 3HAYeHHsS CYMMHPYEMBIX BEKTOpPOB
OCTar0TCs HEU3MEHHBIMH.

Ecnu HanmpspKeHHOCTH HaKJIAAbIBAEMBIX AJIEKTPUYECKUX IMOJIEH OCTAIOTCS HEM3MEHHBIMH, a Kak
pa3 3TO U IPOUCXOJUT IPHU B3aUMHOM HAJIOKEHUM HECKOJBKHUX JJIEKTPUYECKUX IIOJEH, TO H
napaMeTpbl HaKJIaJbIBAEMBIX IMOJIEH oOcTaloTcs Heu3MeHHbIMH. ClieJoBaTelbHO, MPU B3aUMHOM
HAJIO)KEHUM HECKOJBKHX JJIEKTPHUECKUX TMosiel (OopMUpYeTCs pe3yIbTHPYIOUIee 3JICKTPHUECKOE
ToJie, a BCe HaKJa/bIBaeMbI€ MO HE MPETEPIIEBAIOT MPU 3TOM HUKAKUX U3MEHEHHH. B cBs3u ¢ aTuM
HEOO0XO/MMO OTMETUTh, YTO B JJEKTPUYECKU HEHTPAILHOM TEJe COJEp)KaTcs IBa PABHOBEIUKUX I10
CBOEMY YHCIEHHOMY 3HAYEHHUIO PA3HOMMEHHBIX DJJEKTPUUECKUX 3apsija, KOTOpbIE COCTOST U3
MHOMCECEA DPA3ZHOUMEHHBIX IJIEMEHMAPHBIX DICKTPUYECKUX 3apsiioB. DIJIEMEHTapHbIC 3apsibl
PaBHOMEPHO IMEepeMeIIaHbl MEXy OO0 U paBHOMEPHO pacrpeeieHbl B 00beMe HEHTPaIbHOTO Tea,
MO3TOMY TIOJIy4aeTcsi TaK, YTO [JBa PABHOBEIMKHUX [0 YHUCICHHOCTH Pa3HOMMEHHBIX 3apsaa
COBMEIIEHHI B OJHOM O0BbEME — 3TO PABHOCHIBHO TOMY, 4YTO JBa TOYECYHBIX PAa3HOMMEHHBIX
PaBHOBEJIMKHUX 3apsla HaXOASATCS B OJHOM TOYKe. DJIEKTPUUYECKHE IMOJIA STUX 3apsiioB anpHOpH
COBMEILEHBI (TO, YTO MPOTOHBI COCPENOTOUYEHBI B ApaX aTOMOB, a AIEKTPOHBI PACCPEIOTOUYEHBI Ha
ANEKTPOHHBIX OPOUTAX KaKJOTO0 aTOMa, HE OKa3bIBAaeT BIUSHUS HA KOHEUYHBIH pe3ynlbTar), MOITOMY
HaNpPsLDKEHHOCTh PE3YJIbTUPYIOIIETO 3JIEKTPUUECKOI0 IOJIsl, MPUHAJIEKAIEr0 HEUTpAIbHOMY TEly,
MMeeT HyJIeBOE€ 3HAYCHHE BO BCEX BO3MOKHBIX TOUKAX MPOCTPAHCTBA. DTO HE MPOTUBOPEUUT TOMY,
YTO OJIHOBPEMEHHO C PE3YJIbTHUPYIOIIUM I10JIEM, KOTOPOE IMPUHAJUIEKUT JIEKTPUUECKU HEUTPAIbHOMY
BEIIECTBY, MPOJOJIKAIOT CYIIECTBOBATh U JIBA MOJIS, MPUHAJIeKAIIME ABYM Pa3HOMMEHHBIM 3apsiiaM.

[IpocTpaHcTBO, B KAKOM-TO €ro 00beMe, MOKHO M30aBUTh OT BEIIECTBEHHOH COCTABISIONICH
MaTepuu, IMOCIe Yero 53TOT O0BEM MPOCTPAHCTBA HEOOXOAMMO CYHTATh BaKyyMOM, OJHAKO
MPOCTPAHCTBO HEOTAETMMO OT MAaTE€pPHH CUJIOBBIX MoJiell. HeBO3MOXXHO OOHApYXHUTh WU CO3/1aTh
MIPOCTPAHCTBO, M30ABJIEHHOE OT MATEPUAIBHOTO, MO CYTH CBOEH, IPaBUTALMOHHOTO MOJIsl, KOTOPOE
IIPUHAJUIEKAT CyMMapHOM Macce BCero uMeromerocss BO Bceenennoit Bewmecra. Ilomumo
IPaBUTAIlMOHHOTO TIOJNSl, HEOTHEMJIEMOW COCTaBISIOIIEH JI0OOOr0 MPOCTpPaHCTBA  SBISETCS
pe3yJIbTUPYIOLEE 3JIEKTPUYECKOE I10JIe, NPHUHAJJIEKAIIEE BCEM 3JIEMEHTapHbIM 3JIEKTPUYECKUM
3apsiamMH, KOTopble uMeroTcs B mpupoje. CrenoBarensHo, DUHINTEHH omubacs, Koraa yTBepsKaa,
YTO BaKyyM — 3TO HUYEM HE 3aIOJHEHHOE (ITyCTOE) MPOCTPAHCTRO.

MO>KHO MPEeAnOI0KUTh, UTO MApaMETPhI MEKTPHUUECKOTO MOJIs, MPUHAJISKAIIET0 KaKOMY-ITH00
ANEKTPOHY, W3MEHWINCh IO/l BIMSHUEM BHEWIHUX (akTopoB. B 3TOM ciydyae 31€KTpOH, Kak
JJIEMEHTapHas YacTHIla, HEM30EKHO TMpeKpallaeT CBOE CYIIECTBOBAHHWE, a BMECTO JJIEKTPOHA
MOSIBJISIETCS  JIpyrasi 4acTHlla, KOTOpas OTJIMYaeTcss OT DJJeKTpOHa TeM, 4YTO HapaMeTphl
AJEKTPUYECKOTO TOJIsA, NPUHAAJIEKAIIEr0 BHOBb TOSIBUBIIEHCS 4YacTHIE, HE COBMAJAIOT C
napaMeTpamMH 3JIEKTPUYECKOTOo Moisl 3iekTpoHa. CliejoBaTeabHO, MHapaMeTpbl 3JIEKTPHUUYECKOIO
3apsiia, a COOTBETCTBEHHO M IapaMeTphbl 3JIEKTPUYECKOro TIoJisf, HPUHAAJIEKAIIEro Jo0oMy
ANEKTPOHY WJIM MPOTOHY, BCErJa OCTAlOTCS HEM3MEHHBIMM W HHUKOMM 00pa3oM HE 3aBUCAT OT
BHEILIHUX YCIIOBUH.

JIro0o#t SJEKTPOH WIIM TIPOTOH MOXKET HAXOJUTHCA B YEAMHEHHOM COCTOSTHUH, MOXET OBITh
COCTaBHOM 4YacTbI0 M30BITOYHOIO JEKTPUUYECKOTO 3apsAaa, a MOXKET BXOJUTh B COCTAB AJIEKTPUUYECKH
HEHUTpPAJIBLHOTO TeJa, U BO BCEX CIIyYasiX MapaMeTphl IEKTPUUECKOTO OIS, IPUHAAJIEKAIIETO JII00OMY
JIEKTPOHY WJIM MPOTOHY, OYAYT OCTaBaThCs HEM3MEHHBIMU. Clief0BaTeIbHO, JIEKTPUUECKUE IO,
KOTOpbl€ TpUHAANEKAT OTACIbHBIM J3JEMEHTAPHBIM 3apsjiaM, COJEep)KalluMcsi B COCTaBe
JNEKTPUYECKH  HEUTPATbHOTO  BEHIeCTBa, MPU HMX B3aUMHOM  HAIOXKEHUU  (POPMHUPYIOT
PE3yNbTUPYIOLIEE AIEKTPUUECKOE T0JIe, MPUHAAJIEKAIEe HENTPaIbHOMY BEIIECTBY U COCTOALIEE U3
JIBYX B3aMMHO CKOMIIEHCUPOBAHHBIX, HO OTHIOJb HE B3AMMHO YHMUTOXEHHBIX 3JIEKTPUUYECKUX IMOJIEH.
OaHO U3 ATHX MOJIeH MPUHAUIEKUT BCEM IOJOKHUTEIbHBIM 3J€MEHTApHBIM 3apsaaMu (IIPOTOHAM),
KOTOPBIE COAEPIKATCS B 00bEeME dIIEKTPUYECKH HEUTPAIbHOTO BEIECTBA, @ BTOPOE MOJI€ MPUHAIICKUT
BCEM OTpHULATENbHBIM 3apsjiaM (3JIEKTPOHAM), HaXOIALIMMHUCS B TOM k€ o0pa3lie BEellecTBa.

W3 nanubix npumepa 1 cienyer, 4To oOpasell dJIeKTPUIeCKH HEUTPaIbHOTO BEIECTBA, KOTOPHIH
pacroylaraeTcsi B TMPOW3BOJBLHO BBIOpaHHOM MecTe BceleHHOW W HaxoauTCs TOJA JACHCTBHEM
pE3YJBTUPYIOLEN TPAaBUTALMOHHON CWJIBI PAaBHOM 0OOHOMY HbIOMOHY, OJHOBPEMEHHO IOABEPKEH
JICUCTBHIO JIByX PABHOBEIMKHUX IPOTHBOIMOJIOKHO HAMPABICHHBIX (B3aMMHO YPaBHOBEHICHHBIX)
NIEKTPUYECKUX CHJI, 3HAUYEHUS KOTOPBIX HE MEHEe 10%* msromon. CrnenoBarenbHo, Mo6oe Telo,
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moboit  oOpaserr  BemiecTBa, JI000M  OBITOBOM  mpeaMeTr  obOjagaeT  ABYMsSI — B3aWMHO
CKOMHCHCI/IpOBaHHLIMI/I BJIGKTpI/I‘-ICCKI/IMI/I IoJIsAMH, U 3HAYCHHC HaHpH)KCHHOCTI/I KaXI0ro M3 -HJTHUX
MOJIEH OTPOMHBI.

B Hacrosmieii craThe MPUBEACHBI I0KA3aTeIbCTBA TOTO, YTO 2IEKMPUYECKUM 3aPA0AM, KOMOpble
cooepacamcsi 8 INeKMPUUecKu HeUMmpaibHOl COCMABIAIOUWLCHL 6CE20 6CEICHCKOZ0 6eulecmed,
NPUHAOIedHCUM JNIeKmpuyeckoe noje, Aeiaueecs cpedoll pacnpoCmpanHeHus 1eKmpoMacHUMHbIX
6OJIH.

B nanbHelimem osnekmpuueckoe noie, npuHaonedxcawjee momy Uil UHOMY INeKMpUuyecKu
HeumpaibHoMy 00pasyy eewecmad, Oyoem HA3bLI8AMbCS HEUMPATbHLIM ITEKMPUUECKUM NoJleM WIT
0oJjiee KpaTKO — HelumpaibHblm nojem. ODileKmpuueckoe noie, opmupyemoe 3>1eKmpuiecKu
HeUmpaibHol cocmagnaiowell 6ce20 umeiouje2ocs 60 Bcenennoii eewecmea, OyneT Ha3bIBATHCS
6CENICHCKUM HEeUMPANbHbIM IJIEKMPUUECKUM noJIem, WIH KPaTKO — 6Ce/IeHCKUM noJiem. BeeneHckoe
HEUTPATBbHOE SJEKTPHUUECKOE TOJE — 3TO U €CTh TOT A3(Up, MOUCKAMU KOTOPOTO 3aHUMAIIUCh
MaiikenbcoH © Mopiii, HO TOKa 3TO HE JOKa3aHO yKa3aHHOE Iosie OyAeT Ha3bIBaThCsA HE A(UpOM, a
6CE/ICHCKUM NOJIEM.

§2. BzaumogencTBMe HeUTPanbHOro 3NIeKTPUYECKOro nons ¢
3NeKTPOMarHUTHbLIMU BOJTHAMM

Pabora ycTpoWCTB paauoCBsi3U SIBISIETCS SKCIEPUMEHTAIBHBIM MOATBEPXKICHHE TOT0, YTO B
IIPOLIECCE PACHPOCTPAHEHUS AJIEKTPOMArHUTHBIX BOJIH IPOUCXOAST HENpPEpPhIBHbIE BO3MYILEHUS
BCEJIEHCKOTO HEUTPAIILHOTO IOJISL.

Bynyun 5JIeKTpHYECKM HEWTpalIbHBIM TEJIOM, AHTEHHA pPaJuOIEpEeNarollero YCTpPOWCTBa, B
Cllyyae MpOTEKaHUs B €€ TOKONPOBOJSIIEH LENu IMEPEMEHHOIO 3JIEKTPUYECKOIO0 TOKa, H3JIydaeT
paauocurHan. Ilpu npoTekaHMM NEPEMEHHOTO TOKa Ha IPOTHUBOIIOJIOKHBIX CTOPOHAX AHTEHHBI
HAKaIJIUBAIOTCA M30BITOYHBIE PA3HOMMEHHBIE SJIEKTPUYECKUE 3apsbl, BEIUYMHA U MOJSPHOCTD
KOTOpBIX HEINPEPHIBHO M3MEHSETCS C NEPUOAMYHOCTHIO, PAaBHOM 4YacTOTE TEKYIIEro B AHTEHHE
MIEPEMEHHOT0 TOKa, TO €CTh C MEPUOJUYHOCTHIO PaBHOM YACTOTE M3JIy4aeMOr0 aHTEHHOW CHUrHaja.
W30piTOuHBIe  3apsiibl, HAKAIUIMBasCh B  TOKOMPOBOIAIICH IEMH aHTEHHBI, (OPMHUPYIOT
pe3yIbTUPYIOLIEE IEKTPHUECKOE MOJIe, HAPSXKEHHOCTh KOTOPOro MMEeT ONpe/iesieHHOEe (He paBHOE
HYJII0) 3HaueHHe. Pe3ynpTupyroliee nepeMeHHOe dIEKTPUUYECKOE 1Moje, GopMupyeMoe n30bITOUHBIMU
3apsamMH, — 3TO U €CTh TO IEPBOHAYAIBHOE BO3MYILIEHUE, KOTOPOE BIOCIEACTBUM IPUHHUMAET BH]
pacipoCTPaHSIOIUXCSI AJEKTPOMArHUTHBIX BOJIH.

N36bITOYHBIE 3aps/bl, KOTOpblE HAKAIUIMBAIOTCS B pPaJHONEpEAAoNIel aHTEHHE B Ipolecce
MIPOTEKAaHHUsS B €€ LENU IEePEeMEHHOr0 TOKa, OKa3bIBa€TCS HE TOJBKO pPAa3HOMMEHHBIMHM, HO U
PaBHOBEIMKMMU IO CBOEMY aOCOJIOTHOMY 3HAY€HHMIO, IO3TOMY H3HAYalIbHO DJIEKTPUYECKU
HEHTpajdbHas aHTEHHA W TpPU U3IYYEHUM paJUOCUTHalla OCTaeTcsi, B 0OlEeM o0beME CBOEM,
NEKTPUYECKH HEUTpaIbHBIM TelloM. CIeloBaTeNbHO, 6 paduonepedarouieii anmenne u3nyyaemblil
cuzHan hopmupyemes 6 pesyivmame 603IMyUWieHUIl HEMPATbHO20 NOA, NPUHAOIEHCAULE20 IMOU
aHmeHHe.

MoskHO mpeanonaraTb, 4TO BO3MYIIEHHUS HEUTPANbHOIO MOJs, SBISAIOLIUECS PE3YJIbTaTOM
MPOTEKaHMs EPEMEHHOI0 TOKa B IIENH W3TY4aloLIe aHTeHHbI, — 3TO BCETO JIMIIb HCXOHOE COOBITHE,
HEeoOXoIMMOe JUIsl 3apOKIEHUSI DJIEKTPOMArHUTHBIX BOJH, CaM JK€ MPOLECC pacHpoCTpaHEHHUS
JIGKTPOMArHUTHBIX BOJIH HE CBsI3aH C BO3MYIIEHHSIMHM KakoH-mubo cpeabl. To ecTb MOXKHO
MIpeIoaraTh, YTO 3JIEKTPOMArHUTHbIE BOJHBI, PACIIPOCTPAHSISICh, HE BCTYNAIOT BO B3aUMOIEHCTBUE C
Kakou-mmbo cpemoi. OHAKO TOMHMO pPaJHOINEPEAAIONIUX YCTPOMCTB CYIIECTBYIOT €Iie |
pazuonpueMHbIe YCTPOHCTBA, AHTEHHBI KOTOPBIX, OYIy4dHM 3JIEKTPUYECKH HEUTpalbHBIMU TellaMH,
BCTYIAIOT BO B3aUMOJEHCTBHE C AJIEKTPOMArHUTHBIMU BOJIHAMHU.

ONEKTpUYECKUE TMOJs, KOTOpbIE TPUHAMIEKAT DIEMEHTAPHBIM DJIEKTPUUYECKUM 3apsiiaM,
BXOJIAILIIMM B COCTaB MPUEMHON aHTEHHBI, BCTYNAIOT BO B3aUMO/JICICTBHE C BHEITHUM 3JIEKTPUUECKUM
10JIEM, KOTOPOE SABJIIETCS OJTHOM U3 COCTaBIAIOIIUX PACIPOCTPAHSIOIINXCS 2JIEKTPOMAarHUTHBIX BOJIH.
BcenencrtBue Takoro B3aMMOJEWCTBUSL B TOKONPOBOASIIEM LEMU 3JIEKTPUYECKH HEUTPATBHON
IIPUEMHOIN aHTEHHBI MOSBIISAETCS IEPEMEHHBIN AIEKTPUUECKUI TOK.

DOneMEeHTapHBIM 3apsi/iaM, BXOJAILIUM B COCTaB IPUEMHON aHTEHHBI, IPUHAJICKUT HEUTPaIbHOE
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rosie 3ToM aHTeHHbI. ClIe0BaTENbHO, TOJBKO B PE3YJbTATE€ B3aUMOACHCTBHS 3JIEKTPOMAarHUTHBIX
BOJH C HEUTpaJbHBIM IOJIEM NMPUEMHON aHTEHHBI B €€ TOKOMPOBOISIICH IENU MOXKET IMOSBUTHCS
IIEPEMEHHBIN JJIEKTPUYECKHI TOK, @ 3TO O3HAYaeT, YTO IAEKMPOMAZHUMHbIE GOJIHbL Gbl3blEAIOM
603MYU{eHUA HEUMPAIbHO20 NOJA, KOMOpoe CcOOopMUPOBAHO INEKMPUUECKUMU 3apAdamu,
6X00AWUMU 8 COCMAB INEKMPUYECKU HEUMPATbHOU NPUEMHOU AHMEHHDbL.

DONEKTPOMAarHUTHBIE BOJIHBI HE MOTYT JEWCTBOBAaTh BBIOOPOYHO. Ecim 3iieKTpoOMarHuTHEIC
BOJIHBI B3aMMOJICUCTBYIOT C HEUTpAJIbHBIM TOJEM PaJAUONpPHUEMHON aHTEHHBI, TO 3TU BOJHBI OyayT
B3aUMOJICHCTBOBATh U C HEUTPAIBHBIMU MOJIIMH BCEX OCTAIBHBIX OKPYXKAIOIIMX AHTEHHY MPEIMETOB,
B TOM 4YHCJI€ M C HEUTpanbHbIM moseMm 3emud, ConHia, JIyHbl U BCEro OCTalbHOIO BCEJIEHCKOTO
BenlectBa. CieoBaTenbHO, npoyecc pacnpocmpanetus d1eKmpoMacHUMHbIX 80H CONPOBOAHCOAemcs
HeNnpepvl8HbIMU BO3MYUEHUAMU HEUMPAIbHO20 INEKMPULECKo20 NoJid, Komopoe hopmupyemcs ecem
umerowumca 60 Bcenennoit eewjecmeom — HenpepvigHbIMU  BOIMYWEHUAMU  BCEIEHCKO20
neiumpanvnozo nona. OIHAKO BO3MYIICHHS Cpeasl MOTYT H  HEe Mpuodpectd  BHI
pacpoCTPaHSIOIIMXCS B 3TOM Cpejie BOIH. DTO MOATBEPKAACTCS CACAYIOIIMMU ONBITAMH.

OnuH KOHel Y3KOM CTaJlbHOM, a 3HAuuT YIpPYrol IUIACTHHBI, B POJM KOTOPOH MOMKET
UCIIOJIb30BAaThCS CTajbHAs H3MEpUTENbHAs JHMHEWKa, HEOOXOIUMO KECTKO 3a(UKCHpOBaTh B
HEMOJIBUKHOM COCTOSIHMU. ECIM MNpOTHBONOJOXKHBIA HE3AKPEIJIEHHBIM KOHEL ATOM IUIACTUHBI
OTBECTH B CTOPOHY, a 3aTeéM HPEJOCTaBUTh €My CBOOOIy, TO MOXHO HaOJIOAaTh KoyeOaHUs
HE3aKPEIICHHOT0 KOHIIA TUTACTUHBI — 3TO TaK HAa3bIBAEMBIE C60000HbBIE KO1eOAHUS.

CrasibHyIO IUIACTHMHY MO’KHO 3aMEHUTh COBMAJAIONIEH MO T€OMETPUUYECKUM pa3MepaM MEIHOU
IUTACTHHON. MSTKYI0O MEIHYIO IUIACTHHY HEBO3MOXXHO BBECTH B PEXHM CBOOOJHBIX KOJICOAHHIA.
OpnHako eciii He3aKPeIUIEHHbI KOHEL MEIHOW IUIACTUHBI OKAXXETCs 110/ BHEIIHUM BIIMSHHUEM, TO OH,
MOAYUHSISICH JIEUCTBUIO BHEIIHUX CHJI, MOXKET COBEpIIAaTh KOJeOaTelbHbIC NBM)KCHHS, KOTOPHIE
OKQ)XYTCSl CXOJHBIMU CO CBOOOJHBIMU KOJICOQHHMSIMH CTalIbHOM IUIACTUHBI — 3TO TaK Ha3bIBaeMbIe
GbIHYHCOCHHbIE KOJ1eOaHUA METHON TIACTHUHBI.

Bonnwl — amo pacnpocmpanawouwgueca 6 Kaxkou-nubo cpeoe ce0000Hble KONeOAHUus IMoil
cpeowvt. ClieoBaTeIbHO, POJIb CPEIbl PacCHpOCTPaHEHHUs BOJH MOXKET HCIOJIHITH TOJBKO Ta Cpena,
KOTOopasi crmocoOHa HAaxXOIUThCA B pEXHUME CBOOOJHBIX KoyeOaHWI, a MeaHas IUIACTHHA,
B3aUMOJICHCTBYSI ¢ HICTOYHUKOM KOJI€OaHMM, HE MOXKET BOWTH B COCTOSTHUE CBOOOJHBIX KOJICOAHUIA.
OT0 o03HauaeT, 4Yro (haKT B3aUMOJAEWUCTBHUA HEUTPANTBHOTO TONS C PACHPOCTPAHSIOMIUMUCS
3JIEKTPOMArHUTHBIMU BOJTHAMHU HE MOKET OBITh JJOCTATOUYHBIM U OE€CCIIOPHBIM JIJISl TOTO YTBEP)KICHHS,
YTO BCEJICHCKOE HEUTPAIbHOE TOJIE SBIIAETCS CPEON paclpOCTPAHEHHUS SJIEKTPOMArHUTHBIX BOJIH.

HeiitpansHoe mosie 10pKHO 001aaTh HAOOPOM CBOMCTB, KOTOPBIE CIIOCOOHBI 00ECTICUUTh MY
PEXHUM CBOOOJHBIX KOJNIEOAHM, TONBKO MPU COOMIOJEHUH ITOTO YCIOBUSI BCEIEHCKOE IMOJIE CMOXKET
HCIIONHSATH POJIb CPEIbI PACTIPOCTPAHECHHUS DJIEKTPOMArHUTHBIX BOJIH.

§3. CBoncTBa HENTPANBLHOIO 3NIEKTPUYECKOro nons

Bcesikne cBoOonHBIE KOJieOaHUsI TOMYMHEHBI €IUHBIM (pu3nueckuMm 3akoHam. ClienoBaTenbHO,
BBISIBUB IPUYMHBI CBOOOJIHBIX KOJIEOAHUH MOABELIEHHOT0 Ha MPYKUHE IPpy3a, MOXKHO ONpPEAEeNIUTh U
CBOMCTBa cpesibl, B KOTOPOI MOTYT HaOJII0AaThCsl BCSIKUE Jpyrue cBOOOJHbIE KoJieOaHMsl, B TOM YHUCIIE
U T€, 4YTO UMEIOT BUJI PACIPOCTPAHSAIONINXCS SJIEKTPOMArHUTHBIX BOJIH.

[TogBemieHHBI HA TPYKWHE TPY3, HAXOISMIIUHCS B HETMOABIKHOM (MCXOTHOM) ITOJIOKEHHH,
HE00XO0MMO CMECTUTh BEPTUKAIBHO BHMU3. CHIIBI YIIPYTOCTH, ACHCTBYIOILINE B MaTepuae Mpy>KUHbI,
MOTBITAIOTCS. BO3BPATUTH I'PY3 B UCXOIHOE MOJOXKEHHUE, U €CIU IPy3y MPEIOCTaBUTh CBOOOY, TO OH,
MOJUYMHAACH JICHCTBUIO cul ynpyzocmu, YCTPEMUTCS B HCXOJHOe monoxeHue. Ilpubmmxasce x
HCXOJHOMY TIOJIOKEHHIO, TPy3 OOpETET ONpeAeseHHYI0 CKOPOCTh M, KaK CIEACTBHE, OKaXKETCS IO
neiictBueM cui uHepuuu. [logunHssch NEMCTBUIO cul uHepyuu, rpy3, He OCTAHABINBASACH, IPOMACT
HCXOJHOE MMOJIOXKEHUE U CMECTUTCS BBILIE ATOrO TOJIOXKEHHs, a 3aTeM CHOBAa YCTPEMUTCSl BHU3, U
Takue KojeOaTeIbHbIe IBUKEHUS OyAyT HaOM0aThCs B TEUCHHE HEKOTOPOTo MPOMEKYTKA BpEMEHH U
0e3 Kakoro-a10o AOMOJHUTEILHOTO BHEIIHETO BIUSHUS. DTO 03HAYAET, YTO CUCTEMA IPy3 — MpPYKHUHA
Croco0Ha HaXOAUTHCS B PEKUME CBOOOIHBIX KOJICOAHUH.

AHanu3 mpolecca CBOOOIHBIX KoJIeOaHUH CUCTEMBI TPy3 — MpPYXKUHA MO3BOJSET YTBEPXKIATh,
YTO HeKass cpela MOXKeT HaXOJIUThCS B COCTOSHUM CBOOOJHBIX KOJE€OaHWM, a 3HAUYUT, MOXKET
UCIOJIHATB POJIb CPE/Ibl PACIPOCTPAHEHUs BOJIH, €CIIU 3Ta cpesia 001aiaeT CleAYIOIMMU CBOMCTBAMU:
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1. Bzaumooeiicmeyem c cucnanom, 2eHepupyemvim UCHOYHUKOM GOJIH.
2. Haxooumcs noo oeiicmeuem cujl ynpyzocmu.
3. Obnadaem unepyuoOHHOCHIbIO.

HeoOxonuMo  nokazarb, 4YTO HEUTpalbHOE DJJIEKTPUUYECKOE I0Je  O0JIaJaeT  BbILIE
MIEPEYUCIICHHBIMU CBOMCTBAaMU, MOCJE YEro MOXKHO YTBEPXKAAaTh, YTO BCEIECHCKOE HEUTpaIbHOE I0JIe
SIBJISIETCS] CPEJIOM pacIpOCTPAHEHUS JIEKTPOMArHUTHBIX BOJIH.

Hoka3zaTenbcTtBo 1-r0 cBoiicTBa. CurHaji, T€HEPUPYEMbI MCTOYHUKOM 3JIEKTPOMArHUTHBIX
BOJIH, BCTYNAeT BO B3aMMOJIEUCTBHE CO BCSKUM HEWUTPAJIbHBIM IOJIEM, U 3TO IMOJTBEPXKIAeTCs HE
TOJIBKO HAJIMYUEM YCTPOUCTB PAIMOCBSI3U, HO U pPe3yIbTaTaMi MHOTUX JIPYTHX SKCIIEPUMEHTOB.

TokomnpoBosre LENu PaJIuOaHTEHH H3TOTABIMBAIOTCA W3 MPOBOJHUKOBBIX MaTepUaioB, B
KOTOPBIX, B CIIy4ae M3JIYyYEHUS] WIHM MPUEeMa PaJMOCUTHAJIOB, MPOTEKAIOT MepeMeHHble TOKU. OIHAKO
pe3yNbTaThl OMBITOB, CBA3AHHBIX C MCCICJOBAHUSIMHM SIBICHUI 3JIEKTPOCTATHMYECKON WHIYKIINH,
CBUJICTEIBCTBYIOT O TOM, YTO HE3aBUCHUMO OT TOTO MPOBOJHUKOM WIH AUDJIEKTPUKOM SIBIISETCA
ANEKTPUYECKU HEHTpaIbHOE TEJIO Ha €ro MPOTUBOMOJIOXKHBIX CTOPOHAX, MOCJIE TOr0 KaK 3TO TENO
OKaXETCS MOJ] BIMSIHUEM BHEIIHEr0 3JIEKTPUUECKOTO TOJIS, MOSIBIISIIOTCA U30BITOYHBIE PA3HOMMEHHBIC
anekTpuyeckue 3apsabl. llosiBieHne W30BITOYHBIX 3apsiioB — 3TO pPE3yJibTaT YHOPSIOYEHHOTO
CMEILIEHUS IEKTPUUYECKUX 3apsA0B, KOTOPbIE BXOJAT B COCTAaB HEHUTpajapbHOro Tena. CieqoBareiabHo,
BHEIIHEE JJIEKTPUYECKOE I10JI€ B3aUMOJICHCTBYET C DIEKTPUYECKHUMH TOJSMH, MpUHAIUICKAIIUMU
AJIEMEHTAapHbIM JJIEKTPUUYECKUM 3apsjiaM, KOTOpbIE COAEpkKATCsl B DSJIEKTPUUECKU HEHUTPaJIbHOM
BEIIECTBE, U TAKOE BEIIECTBO MOXKET OBITh KaK MPOBOJHUKOM, TaK M JUAIIEKTPUKOM.

3aKIII0YCHHBIE B HEUTPAIbHOM BEIIECTBE JCKTPUUESCKUE 3aps/Ibl PEarupyroT Ha JII000e BHEITHEe
ANEKTPUYECKOE TIOJIE, TOITOMY POJIb BHEIIHEr0 3JIEKTPUUECKOrO MO C YCIeXoM OyIeT UCHOMHATh U
TO TIEPEMEHHOE DJJIEKTPUYECKOe II0Jie, KOTOpOe SBISETCS OJHOM M3  COCTaBISIOLIUX
ANEKTPOMArHUTHBIX BOJNH. ClEeI0BaTENbHO, 6CENeHCKOe HelmpanbHoe 3IJleKmpuyecKoe noine,
ecmynaem 60 63auMo0eicmeue ¢ 3J1eKMmpoOMazZHUMHIMU 6OTHAMU.

Jloka3zaTteabcTBO 2-r0 cBoOiicTBa. B3anMHYI0 ypaBHOBEIIEHHOCTb HECKOJBKUX CHII MOXKET
HapyLIUTh HEKas CTOPOHHSISI CUjla, U €CIU 3TO NPUBEAET K IOSBICHUIO PE3YJIbTUPYIOLIEH CHJIBL,
KOTOpasi CTPEMUTBhCS BOCCTAHOBUTH HApPYIIEHHOE pPAaBHOBECHOE COCTOSHHE, TO H3HAYAIbHO
YpaBHOBEUIECHHBIE CUJIbI U MOSBIISIONIASsICS pPe3yJIbTUPYIOLIAs CUIIA SBIISIOTCSA CUJIAMU YIIPYTOCTH.

[Toka »neKTpUYecKu HEUTPaIbHOE TEJIO HE MOABEPHKEHO BIMSHUIO BHEIIHETO 3JEKTPUUYECKOTO
T10JIs1, DJIEMEHTApPHBIE 3apsi/ibl, KOTOPHIE COAEPKATCS B 3TOM Telle, pPABHOMEPHO MEepeMEeIIaHbl MEXIY
co0oif M paBHOMEpPHO pacipeneieHsl B oObeMe Tena. B 3ToM ciydae cuIbl, AEWCTBYIOIIME Ha
OTJENbHBIE DJIEMEHTApHbIE D3JEKTPUUECKHUE 3apslbl, OKAa3bIBAIOTCS B COCTOSHUU B3aMMHOMN
YPaBHOBEIICHHOCTH, a pPE3yJIbTUPYIOLIUE CHIIbI, KOTOpbIE MOINKM OBl BBI3BATh YIOPSAOYCHHOE
MEepEMEIIEHUE IIEKTPUUYECKUX 3apsA70B, OTCYTCTBYIOT. OJTO O3HAYaeT, YTO AJIEKTPUUYECKHUE IIOJIf,
chOpMHUPOBAaHHbIE PAa3HOMMEHHBIMH 3apsiiaMd HEUTPAIIbHOTO BELIECTBA, HAXOMAATCA B COCTOSHUU
B3aMMHOM CHUJIOBOW YPaBHOBEIIECHHOCTH.

Ilog peiicTBMEM CHJI BHEHIHETO SJIEKTPUYECKOrO TMOJs HAa MPOTHUBOIIOJIOXKHBIX CTOPOHAX
HEUTPAJIBbHOIO TeJla HaKaIUIMBAIOTCS M30BITOYHBIE PA3HOMMEHHBIE 3JIEKTPUUECKUE 3apsiibl, KOTOphIE
HaxoJsTCs MOJA ACHCTBUEM CHII B3aUMHOTO NpUTsKEHUsA. CHUiIbl B3aUMHOTO MPUTSKEHUS CTPEMSITCS
BO3BPATUTh 3apsi/ibl B UCXOJHOE MOJI0XKEHHE U BOCCTAHOBUTH TEM CAMbBIM HapyIIEHHOE PaBHOBECHOE
COCTOSIHME JEHCTBYIOIIMX CHJI. DJTO O3HA4aeT, 4YTO CHJbl JJIEKTPUUYECKUX IMOJEH, KOTOpbIe
MPUHAJJICKAT PA3HOMMEHHBIM 3apsiiaM, BXOJSIIUMH B COCTaB JJIEKTPUUECKH HEUTPAIHHOTO Tea,
NEUCTBYIOT KaK CHIIbl ynpyroctd. CienoBaTenbHO, 6CeIeHCKOe HellmpanbHoe d1eKmpuiecKkoe noJe,
HAxo00umcs noo o0elicmeuem Cujl ynpyzocmu.

Joka3zateabcTBO 3-10 cBoOiicTBa. B 53JE€KTpPOTEXHUKE CYIIECTBYET TAaKOE€ TOHITHE Kak
WHJIYKTUBHOCTh — A3TO KOA(PPHUIMEHT MPOMOPIMOHATBEHOCTH, OMPEACISIONMNUA Mepy 3aBUCUMOCTH
MEXIy ACUCTBYIOUIEH Ha 3apsiibl MPOBOAUMOCTH 3eKTpoaBuxkymieit cumoit (3C) u yckopeHuem
3aps0B B MpoIlIecce UX YIOPSA0YEHHOTO ABUKEHHUS:

rae e — jedcTByromas B npoBoaHuke J/]C camMoOMHAyKIMH, 3HaYeHHE KOTOPOW MPOMOPIHOHATBHO
Pe3yIAbTUPYIOLLEH CHIle, IEUCTBYIOIIEH HA 3apsiibl IPOBOIUMOCTH;

3HaueHUE HIICKTPHUYECKOTO TOKa | TPONMOPHMOHANEHO 3HAYEHWIO CKOPOCTH, C KOTOPOM
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MPOMCXOIHUT YIIOPSIIOUYEHHOE JBIDKEHHE 3apsiioB poBoaumocTr. CreoBaresbHo, Boipaxerne dl/dt

MPOIMOPLHMOHAIBHO YCKOPEHHUIO, C KOTOPBIM ABMXKYTCS 3apsi/ibl TPOBOIUMOCTH.
KoadduuueHr nponopuuoHAIBHOCTH,  ONPEACNSIONIMA  Mepy  3aBUCHMOCTH  MEXIY
AeCTBYIOIIEH Ha 3apsabl MPOBOJIMMOCTH CHIOH e U yckopeHwem 3apsmoB dl/dt, HaseiBaetcs

MHTyKTUBHOCTBIO U 0003Ha4YaeTcst cuMBosioM L .

O/1C caMOMHAYKIUH € TOSIBIISCTCS TOJBKO MPH U3MEHEHUU 3HAYCHUS TEKYILETro B MPOBOJAHUKE
Toka | W Bcerma MpOTHMBOAEHCTBYET JIIOOBIM M3MEHEHHSIM 3HA4YeHUS 3TOro Toka. To ecTh Ha
HEpaBHOMEPHO JBHKyIIMecs 3apansl npooaumoctu DJIC caMOMHAYKIMM NEHCTBYET Tak ke, Kak
MeXaHU4ecKasi Cujia MHEPIHMH JICHCTBYeT Ha HEPaBHOMEPHO IBIDKYILYIOCS Maccy, a 3Hauenue J/1C
HAXOOUTCS B MPAMOW 3aBUCHMOCTH OT 3HA4€HHUs] HMHIYKTHBHOCTH, CJIEJOBATEIbHO, 3HAYCHUE
WHAYKTUBHOCTH OTPEAEIISIET Mepy HHEPLUMOHHOCTH 3apsJ0B IPOBOIUMOCTH.

MoxxHo mpenmonarat, 4TO 3HAYCHHWE HWHIYKTUBHOCTH L  3aBHCHUT OT Maccel 3apsioB
MPOBOJIMMOCTH, HO TaKo€ MPEIOJI0KEHUE ONpoBepraercs (PakToM CYIIECTBOBaHHUA OUPUIAPHON
KaTyIKHA. VHIYKIIMOHHAS KaTyllKa, HABUTAas OJAWHAPHBIM IMPOBOIHUKOM, OOJIQJAET ONpPEaeICHHBIM
(He HyNeBbIM) 3HaUYE€HHEM HWHJIYKTHBHOCTH, a 3HAUYEHUE WHAYKTHBHOCTH OM(DUISAPHONW KaTYIIKH —
KaTYIIK{ HABUTOW TEM )K€, HO BJIBOE CJIOKCHHBIM IIPOBOJHUKOM — HACTOJIBKO OTPaHHUUYCHHO, YTO STHM
3HAa4YeHHEM, KaK MPaBHIIO, IPEHEOPEraroT U NPUHUMAIOT €ro paBHBIM HYJI0. Bmecte ¢ Tem u B 1ienu
KaTYIIK{, HaBUTOH OJMHAPHBIM IPOBOJHUKOM, W B LEMH KaTYIIKH, HABUTOH TeM K€, HO BIBOE
CIIO’)KEHHBIM TPOBOJIHUKOM, COJIEPXKATCS OJHU M T€ XK€ 3apsibl MPOBOANMOCTH C HUX OJUHAKOBOM
Mmaccoil. CreoBaTenbHO, eciy Obl 3HaYeHHE MHIYKTUBHOCTH 3aBHUCEJIO OT 3HAYEHUs MaccChl 3apsjoB
MPOBOJIMMOCTH, TO CIOCO0 HaBUBKHM KAaTyIIKM HE MOr OBl OKa3aTh BIMAHUS Ha 3HAYCHUE
UHIYKTUBHOCTH. OJHAKO 3HAUYEHHE MHAYKTHBHOCTH KaTYIIK{, HAaBHUTOW OJAMHAPHBIM MPOBOIHUKOM,
MMeeT MHOTOKPAaTHOE PEBOCXOJICTBO HAJ 3HAUYCHHUEM MHIYKTUBHOCTH OM(DUIIIPHOIN KaTYIIKH — 3TO U
SIBJSIETCSl TIOJATBEPKACHHUEM TOTO, YTO JJICKTPUYECKHE 3apsabl O0JIAal0T HE3aBHCAIIEH OT MacChl
MHEPIIUOHHOCTBIO.

[Ipn npoTexkaHuy TOKa B TOKOIPOBOJIAIICH IIETIN KaTYIIKH, HABUTON OJJMHAPHBIM IPOBOJIHUKOM,
HABOJUTCS MarHUTHOE TOJI€ C ONPEACICHHBIM 3HAaY€HUEeM MHAYKIMH, a UHIYKIHS MarHUTHOTO IOJIs,
HaBEJCHHOTO TOKOM OM(UISPHON KaTyIIKH, UMEeT NpeHeOpe:KUMo Majoe 3HadeHue. Hammuwme
MarHUTHOTO TIOJIsI, KOTOPOE HaBEIEHO KaTYIIKOW, HABUTOH OJWHAPHBIM IMPOBOJHUKOM, KaK pa3 U
SBJISICTCS IPUYMHON MHEPLIMOHHOCTH 3apsiJI0B TPOBOIUMOCTH.

Hmest B HaJIW4YUM J1Ba TIOCTOSIHHBIX MAarHWTa, HE COCTaBUT TPYAa MPOBECTH OINBITHI, KOTOPHIC
yOeXJaloT B TOM, YTO B pe3y/ibTaTe B3aWMOJEHUCTBUS MArHUTHBIX IOJIEH, MPUHAAISKAIIUX ABYM
MOCTOSIHHBIM ~ MarHuTaM, 3TH MarHMThl MOTYT H3MEHATh COCTOSHHUE CBOErO  JIBUKEHHS.
CrnenmoBarenbHO, KOJIMYECTBO KHHETUYECKOW SHEPIrHH, 3alaceHHONW MacCOi IBIIKYIIETOCS MarHuTa,
MOJKET U3MEHSATHCS B pe3yJbTaTe B3aUMOJICHCTBUS MarHUTHBIX MOJIEH. DTO CBUAETENBCTBYET O TOM,
9YTO MarHWTHOE TOJI€ M BEHIECTBO MOTYT HaXOAWUTHCS B COCTOSHHHM B3auMOOOMEHa PHEpruei, a 3To
BO3MOJKHO JIMIIb B TOM Cllyyae, KOTJJa B MAarHUTHOM II0JI€ 3aKJIIOUYEHO HEKOTOPOE KOJIUYECTBO
SHEPIHH, U 3Ta YHEPTHUS MOXKET MPE0OPa30BHIBATHCS B JPYTUE BHUIIBI SHEPTHH.

M3MeHeHrne KOIMYecTBa SHEPrUH, KOTOpas 3aKIveHa B KaKOM-IM00 MarHWTHOM TOJI€, BCEerAa
MIPOUCXOJUT B PE3yJbTaTe BOSMYIICHHUS, TO €CTh B Pe3yJIbTaTe IBMKCHHUS TOTO MAarHUTHOTO MO, U
Takoe JBIJ)KEHHE COIpPOBOXKAAETCS JeMcTBUEM MarHuTHbIX Cwil. Culilbl HE MOTYT JIOCTUTaTh
0eCKOHEeUHO OOJBIINX 3HAYCHUH, a IepeMeIeHs], JaKe Ha BeChMa HEOOJbIINE PACCTOSHHS, HE MOTYT
ObITh MTHOBEHHBIMH. DTO O3HA4yaeT, YTO KOJUYECTBO JHEPIMH HE MOXKET HM3MEHHUTHCS CKauKOM.
V3MeHeHHsT KONMYeCTBAa HSHEPIHMH BO3MOXHBI TOJNBKO B TEUCHHE OIPEIEICHHBIX IMPOMEKYTKOB
BpPEMEHHU, TO €CTh M3MEHEHHUS KOJMYECTBA DHEPIrUM — 3TO HHEPIMOHHBIE MPOIECCHl — MPOIECCHI,
COITPOBOKIAEMbIE IEHCTBHEM CHJI MHEPIMH. B AIIeKTpHUYECKUX MEMNsX CHIIbl HHEPIUHU MPOSBISIFOTCS B
Buje JeictByromeit B mpoBoaHuke OJIC  caMOMHIOYKIMH, UTO  CBHUJAETEIBCTBYET 00
AJIEKTPOMArHUTHON MPHUPOJIE CHJI MHEPUUH, ACUCTBYIONINX HA JIBHKYIIHUECS DIIEKTPHUECKUE OIS U
CBSI3aHHBIE C HUMH JJIEKTPHUUECKHUE 3apsIbl.

[lpu pacnpocTpaHeHHH DSJIEKTPOMATHUTHBIX BOJIH IPOUCXOMAT HENPEPHIBHBIE B3aWMHBIC
npeoOpa3oBaHusl ANEKTPUUECKUX M MArHUTHBIX MOJeH. DTH mpeoOpa3oBaHHsl COMPOBOXKAAIOTCS
MOCTOSTHHBIM B3aUMOOOMEHOM JHEpruel, HaKaluIMBaeMOW B OJTHX TOJNSAX, W, KaK CIEICTBHE,
nedicteueM cuin  uHepuuu.  CleNOBaTENbHO,  6O3MYW,EHUA  6CENEHCKO20  HEllMmpanbHO20
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INEeKMPUYECKO20 NOA, 603HUKAIOWUE 8 npoYecce PACHPOCMPAHEHUS IIEKMPOMAZHUMHBIX 8OH,
conpoeodicoalomcea Oelicmeuem Cuil uHepyuu — 3TO TIOCIEIHEE U3 TPEX PAHEE IEPEUNCIIEHHBIX
CBOMCTB, KOTOPBIMH JTOJIKHA 00J1afiaTh cpe/ia pacpOCTPaHEHHS BOJIH.

Bcenenckoe nosie 061aiaeT BCeMU CBOMCTBAMM CPE/bl PACIPOCTPAHEHHS BOJIH. DTO O3HAYAET,
YTO BCEJICHCKOE IM0JIe CIOCOOHO BXOJUTH B COCTOSIHHE CBOOOIHBIX KOJIEOaHH, ITOATOMY BO3MYIICHHUS,
MOSIBUBIINECS] B OTPAaHUYCHHOM OOBEME BCEJIEHCKOTO IMOJI, MOTYT, U OYAYT PacIpOCTPaHITHCS HA
CMEXHbIE C OrpaHUYeHHbIM 00BEeMOM o0yiacTh U, npuodperas BUI PACIPOCTPAHSIOMIUXCS
QJICKTPOMArHUTHBIX BOJIH, GYIIYT YAAIIATBCA oT MECTa MEPpBOHAYAJIBHOT'O BO3MYUICHUA.
CrnenoBatenbHO, 2/1eKmpuueckoe noje, npuHaodaexycauwiee INeKMPUUecKU  HeUmpaibHou
cocmasnaoueil 6ce2o umeruiezoca 60 Beenennoil eeuyecmea, — 6cenienckoe HelimpaivHoe noje —
Aenaemca IQupom — cpeooil pacnpocmpaneHus 31eKmpoOMaZHUMHBIX 60JIH.

§4. 3dump Becbma manonoaBuMKeH OTHOCUTESTLHO MOBEPXHOCTU 3eMNnu

Bcenenckoe mosie o0nagaer HEKOTOPHIMM HE YIOMHMHABIIMMMCA paHee CBOMcTBamy,
SBJIAIOIIMMUCS JOTIOJHUTEIbHBIM IOATBEPIKIECHUEM TOTO, YTO KaK pa3 3TO IIOJIE SIBISETCS Cpeaou
pacrpocTpaHeHUsl JIEKTPOMArHUTHBIX BOJIH. OJJHO U3 CBOMCTB BCEJIEHCKOI'O I0JI1 HE UMEET IPSMOro
OTHOIIIEHUS K BOJHOBBIM IIpOIleCCaM, HO 3aBEIOMO OOpekaeT ombIThl MaiikenbcoHa — Mopiu Ha
[OJIy4eHHE OTPULIATEIILHOTO Pe3yibTaTa.

Paspabotannsiii MaiikeabcoHOM MpuOOp — MHTEpPEepoMeTp — ObUT paccunuTaH Ha OOHApyKEHUE
Takoil cpeabl-3¢dupa, KoTopass MoJ00HO BETPY, BO3HUKAIOLIEMY B IPOLIECCE JBMKEHMS, «00ayBacT»
HOBEPXHOCTh 3eMM €O CKOpocThio 30 KM/c — 3TO CKOPOCTH OPOUTAIBHOTO JBMIKEHHS 3EMJIH.

OnHako B JIEHCTBUTEIBHOCTH BCEIICHCKOE IOJIEe 00JagaeT CTONb HE3HAUYUTEIbHOHW ITOJBHUKHOCTBIO
OTHOCHUTEJIBHO MOBEPXHOCTU 3eMJId, UTO AJisl MHTepdepoMeTpa 3Ta MOABUKHOCTh OKa3bIBACTCS Majo
3aMETHOM, a TO ¥ BOBCE HE3aMETHOM.

OueBUIHO, YTO 3JEKTPUYECKUE 3apslbl, BXOJAIIME B COCTaB 3eMJM, ABHXKYTCS BMECTE C
3emuiell, TOATOMY HEHTpaJIbHOE BJIEKTPHUECKOE I0JIe, MPHHAMJIEKAIIEe 3€MHOMY BEIECTBY, BCETAA
OCTaeTCsl HETOABMKHBIM OTHOCHUTEIBHO MOBepxXHOCTH 3emin. Ho momumo 3emun cymecTByeT emié
Connue, JlyHa 1 Bce OCTalIbHOE BCEJIEHCKOE BEIIECTBO — ATH COCTABISAIONIME OKA3bIBAIOT BIMSHUE HA
MOJIBUKHOCTD BCEJIIEHCKOTO HEHTPAILHOTO OIS, IPHJIETAIONIETO K MOBEPXHOCTH 3EMITH.

[Tpexne yem mepexoAMTh K ONPEAETICHUIO BIMSHUS BellecTBa BceneHHON Ha MOABHKHOCTD
BCEJICHCKOTO TIOJIS, TPHJIETAIONIET0 K TIOBEPXHOCTH 3€MiIM, HEOOXOAMMO BBECTH IapaMmerp,
XapaKTepU3yIOIUH UHTEHCUBHOCTh HEMTPaNbHOIO MOJs. DTOT MapaMeTp MOXHO ObUIo Obl Ha3BaTh
TUTOTHOCTBIO HEHUTPAIBHOTO TIOJIs, HO HEe OyneM M300peTaTh HOBBIE TEPMHHBI, BOCIIOJIB3YEMCS YiKE
U3BECTHBIMU MOHATHUSAMHU.

HampspkeHHOCTh HEHTpalbHOTO MOJIA B JIFOOOM €ro TOYKE paBHA HYJIO, HO HAaNpsSKEHHOCTb
JIEKTPUUYECKOTO TMOJIs, KOTOPOE NPUHAUIEKUT OJHUMH TOJIBKO TOJIOKUTEIBHBIMU WU OJAHUMHU
TOJIKO OTPHIIATEIbHBIMU 3apsAAaMHy, BXOSIIIMMHU B COCTAB JICKTPUIECKA HEUTPAJIHHOTO BEIIECTBA, B
mo00l TOYKe MPOCTPAaHCTBA MMEET BIOJHE ONpejAeieHHoe (OTIMYHOe OT Hynsd) 3HaueHue. Ha
OCHOBAHHUU 3TOT0 U INPUMEM YCJIOBUE, YTO ecliu 6 OdalbHeuuleM meKcme HACmoswel cmamou
gCmMpemumcs,  GulpaddiceHue  «HANPANCEHHOCMb  HEUMpAIbHO20  ROAA», MO No0  dMUM
noopazymesaemcsi HANPANCEHHOCHb IINEKMPUUECKO20 N0, KOMOpoe NPUHAONIeHCUn OOHUMU
MONBLKO NOJIOHCUMENIbHOIMU  3aPAOAMU, EXOOAUWUMYU 6 COCMAG INeKMPUUECKU HeUmpaibHO20
seujecmsa.

HanpsbkeHHOCTh  He#TpambHOrO  MOJs,  CHOPMHUPOBAHHOTO Yy  TOBEPXHOCTH  3€MJIH
ANEKTPUYCCKUMHU 3apsjIaMH, COJEPXKAIIMMHUCS B JYHHOM W COJHEYHOM BemiecTBe (mpumep 2)
npubmusutensio B 296 000 n 1670 pa3 MeHble HANPsHKEHHOCTH HEHTPAIBbHOTO IMOJIs, KOTOPOE
NPUHAIISKAT —3apsiiaM, BXOMIAIIMM B COCTaB 3EMHOTO BemlecTBa. HeWTpaibHBIE IO,
MPUHAAJIEKAIINE SJIEKTPUUECKUM 3apsaaaM, BXOIAIKUM B cocTaB JIyHsl 1 CoJHIIA, TBUTAsCh BMECTE C
THMHA KOCMHUYECKHMH OOBEKTaMH, OJHOBPEMEHHO IMEPEMEIIAlOTCS W OTHOCHTEIBHO IMOBEPXHOCTH
3emin. OHAKO HANPSHKEHHOCTH HEUTPAIbHBIX IMOJIEH, MPUHAMISKAIIMX JTYHHOMY U COJHEUYHOMY
BEIIECTBY, OKA3bIBAIOTCS HACTOJIBKO OTPaHUYECHHBIMH y MMOBEPXHOCTH 3€MJIM B CBOMX 3HAUCHHSIX, YTO
3T TOJS HE MOIYT OKa3aThb CYLIECTBEHHOI'O BIMSHUS Ha TOJIBIKHOCTh PE3YJIbTUPYIOIIEro
HEHTPAIILHOTO TIOJIsI, KOTOPOE TMPHJIEraeT K TOBEPXHOCTH 3E€MJIM W COBMECTHO (OpMHpYyeTCs
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BemecTBoM 3emiu, JIyael u ConHua.
CpenHsii  OLGHOYHAs IUIOTHOCTH BemlecTBa Bcenewnoit cocraBmser 7-107 ke/m®, a

5,51-10° k2/ M® — 3TO IIOTHOCTH 3eMHOTO BelecTBa. TaKoe COOTHOIICHHE IIOTHOCTEH BEIECTRA, a

COOTBETCTBEHHO M HAIPSYKEHHOCTEN HEUTPAIBHBIX MOJIEW, CBUAETEIBCTBYET O TOM, UTO BCEIEHCKOE
BEILIECTBO, JaXKE €CIU Obl BCE €r0 COCTABJISIONINE, COXPaHsSsA CBOIO CKOPOCTh, JBHUTAJIMUCh B OJHOM
HampaBJICHWH, HE MOIJIO OBl OKa3aTh 3aMETHOTO BIMSHHS Ha TIOABIKHOCTH BCEJICHCKOTO
HEUTPAIbHOTO TOJIs, HAXOAIIETOCS Y MOBEPXHOCTH 3eMIM. JTO o3HayaeT, uto Coanuye, Jlyna u eéce
0CMaAlbHOE BCEJICHCKOE 8eUieC80 He MOZYM 8bl36amb 3amemHoll (3aMeTHOU 111 uHTepdhepoMeTpa
MaliikenbCOHA) HOOBUNCHOCHIU B6CE/ICHCKO20 HEUMPAibHO20 NOJIA, NPUIE2Alou|ez0 K N08EPXHOCHU
3emnu. Bmecte ¢ TeM, B HEKOTOPBIX CIy4YasiX, MPH MPOBEACHUH OMBITOB yIaBajioCh (DUKCHPOBATH
HEKYI0 MTOJABMKHOCTH 3(upa. ITa MOABUKHOCTh MOTJIa ObITh pe3yibTaToM BiusHus CosHia u JIyHBI,
oJIHaKO BO3MOxHOe BiusiHUE CosHia u JIyHBI HE yYMTHIBAJIOCh, a SBJICHHUE MOJBWKHOCTH dupa HE
MOJIY4nII0 0OOCHOBAHHBIX O0BSICHEHUH.

§5. «HecoBmecTUMbIe» cBOMCTBA 3achupa Unum coBmeLLeHue
HEeCoOBMEeCTUMOro

Bcenenckoe HelTpanbHOe mosie 007ajaeT NOUCTUHE (EHOMEHAIbHBIMU CBOMCTBAMH TOTO
TUIOTETUYECKOTOo 3upa, B CYIIECTBOBAHUM KOTOPOIO0 Majo KTO COMHEBAJICS A0 NOsiBIEHUs Teopuun
OTHOCHUTEIBHOCTH. BOT uro no sromy nosony numyt basunesckuii C. A. u Bapun M. I1. B cBoeit
cratbe «Ommbka DitHmreiHa» [5]: «Odup, kak HoOcWTenb CBeTa, JODKEH 00JajaTh MHOTUMH
YIUBUTEIbHBIMU CBONCTBAMHU: C OJIHOW CTOPOHBI, OH JOJKEH OBITh YPE3BBIYAWHO «TOHKUMY,
HEBECOMBIM, YTOOBI HE MEILIATh JBUXEHUI0 MHKPOYACTUI[ M HEOECHBIX TEll, C APYroil CTOPOHBI, OH
JIOJKEH OBITh HEBEPOSITHO <OKECTKMM», YTOOBI IIEPEAaBaTh MONEPEYHbIE BOJIHBI CBETA CO CKOPOCTHIO B
COTHH ThICSIY KUJIOMETPOB B CEKyHy. Bo3MokHast A1 HEro yacTora KoJieOaHUM JOKHA OXBaThIBaTh
BECh JIMAIla30H, IIPAKTUYECKH OT HYJs A0 MHOIMX TPUJUIMOHOB (10%%) 8 cekyHny. Ho Bo BTopon
nosioBuHe XIX Beka Tpynamu CeH-Benana, Penes u CtonetoBa ObUIO BBISICHEHO, YTO MOJOOHBIE
TpeOOBaHUS K BEILIECTBY COBEPIICHHO HEOOOCHOBAHHBI».

OpHako HECOBMECTHMBIE, Ka3aJlloch ObI, CBOMCTBa 3(upa MPEKPacCHO COCYIIECTBYIOT BO
BCEJICHCKOM HEHTpalIbHOM Iosie. B mpumepe 3 ompezneneHo, 4To ABa 3apsAa, BEINYUHOW IO OAHOMY
KYJIOHY KaXIbli, KOTOpblE€ HaXOASATCS B BaKyyMe WJIM BO3AYyX€ U pa3/elieHbl PACCTOSIHUEM paBHBIM
OJTHOMY METpy, IOJBEP)KEHbl CHUJIaM B3aUMOJEHMCTBUSA, PAaBHBIM CyMMapHoMy Becy Oosee 150
SPYHCEHHDBIX HCETIE3HOOOPOHCHBIX COCINABOE, U OJIUHA KAHCO020 MAKO20 COCMA6A NPesvluiaem 0OuH
Kuniomemp. 3Ha4€HUsS CUJI OTPOMHBIE, @ BOT OJMH KYJIOH — 3TO BeCbMa HEOOJIbIIIOHN 3apsi, MOTOMY Kak

B MEIHOM, HalpuMep, IIapHKe, oOmajaromeM oObeMoM Bcero lem®, comepxurcs oéa
pasnoumennvix 3apsaoa 3nauenuem 394400 Kn kaxncovui (npumep 4). Cunbl B3auMOJEHCTBUS

MEXy 3TUMH 3apsiiaMi BO MHOTHE TPUJUIMOHBI pa3 MPEBBILLIAIOT T€, UTO ONpeeieHbl B npumepe 3. U
S3TU CWJIbl TPOSBIAIOTCA CO BCEM CBOEM TMOJHOTOM, €CIM TOSBIAIOTCA TAaKHUE BO3MYLIECHUS
HEUTPaAIBHOTO MOJIsI, IPUHAJIEKAIIETO MEJHOMY IIAPUKY, KOTOPBIE CTPEMSTCS Pa3aeiuTh 3TO MOJIE
Ha JIBE€ €r0 COCTAaBIISIIOIINE — PA3JACINTh PA3HOUMEHHBIE 3aps/Ibl, COAEPKAIINECS B COCTABE IApUKa.
Pabora mnepemaromux W TMPUEMHBIX PATUOAHTEHH COMPOBOXKIAETCS MPOTEKaHWEM B HHX
MePEMEHHBIX AJIEKTPUIECKUX TOKOB M, KaK CJIEICTBUE, HAKOTUICHHEM PAa3HOMMEHHBIX JJIEKTPUUECKHUX
3apsA0B HAa TPOTHBOIONIOXKHBIX CTOPOHAX OJTUX AHTEHH. DJTO O3HA4aeT, 4To (HOpMHUpOBAHHE H
pacmpocTpaHeHHEe AJIEKTPOMATHUTHBIX BOJH COIMPOBOXKIAETCS TAaKUMH BO3MYIIEHUSIMH BCEJIEHCKOTO
HEUTPAIBHOTO MOJs,, KOTOPbIE CTPEMSITCS pa3/ieuTh 3TO MOJIe Ha JBE €ro cocraBiisgmoniue. To ecThb
MIPU PaCIpOCTPAaHEHUH DIICKTPOMATHUTHBIX BOJIH aKTUBH3UPYIOTCS T€ CHJIBI, 3HAYECHUE KOTOPHIX OBLIO
ompeNieJIeH0 B Ipolecce pemeHus mnpumepa 3, npumepa 4. OgHako B 3ITUX HIpUMeEpax
paccMaTpUBaIUCh BECbMa OTPAaHUYCHHBIC B CBOMX 3HAYCHHSIX 3apsI/Ibl — 3apsi/] BETUIMHOW OJIMH KYJIOH
W 3apsjbl, COJIepKallecss B MEIHOM IIapHKe, OO0bEeM KOTOPOrO0 BCEro-TO OJIMH CAHTUMETP
KyOmdeckuid. Eciu e yduThIBaTh 3apsijibl, BXO/SIINE B 00BEMBI 3BE3/] U IJIAHET, TO OKKETCS, YTO HE
TOJIKO BOJIM3M MACCUBHBIX TEN, HO U B MEX3BE3THOM, MEKIaIaKTUIECKOM MIPOCTPAHCTBE — B JIFOOOI
To4uKe 0003puMoiri BcenmeHHON — BCEIEHCKOe HENUTPAbHOE TI0JI€ MPOSIBISIET CeOsl, HO_OMHOUIEHUI) K
INEKMPOMAZHUNMHBIM _80JIHAM, KAK cpeaa, oOnamaromiasi OrpOMHBIM 3HaueHHWEeM Kod(duineHTa
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KECTKOCTH.

[Ton BIUSHUEM TPABUTAIIMOHHBIX CHUJI (POPMUPYIOTCS TPACKTOPHUH IUIAHET, 3BE3[l, TaJaKTUK U
BCEI0 OCTAJIBHOTO BCEJIEHCKOTO BEIIECTBA, YTO CBUJAETEILCTBYET 00 OrPOMHOM 3HAYE€HUU
JCHCTBYIOIMX TPABUTALMOHHBIX CHWJI. BmecTre ¢ TeM JJIEKTPUYECKHE CHUIIbl, JEUCTBYIOIIHUE BO
BCEJICHCKOM HEHTpanbHO MOJIe, MPEBOCXOIAT B CBOEM 3HAYEHUH IPABUTALIMOHHBIE CUIIBI O0Jiee YeM B
10* paz (npumep 1). D10 sBIseTCA emle OAHUM MOJITBEPKIACHUEM TOr0, YTO B JHOOOM TOUKe
npocTpancTBa eauHoe HDO-mone mnposBisier ceds, no omHowleHuro K pacnpocmpaHaiouuMcs
INEKMPOMACHUMHBIM 60]IHAM, KAaK TBEPAOE TEJNO, KOTOPOE OO0JAaJaeT BECbMa BBICOKOM CTENEHBIO
KECTKOCTH.

JIBa odleKTpUYEeCKM HEUTpaibHBIX Tella BCTYMAlOT BO B3aUMOJICHCTBUE MEXIYy CO0Oi
IIOCPEACTBOM IOJIEH, MPUHAMIEKAMMX 3TUM TenaM. OJHAKO B IPOLIECCE B3aUMOACHCTBUS CHJIBI
JNEKTPUYECKUX IIOJIEW, IMPUHAJICKAINUX IOJOKUTEIBHBIM 3apsaM, KOTOpbIE BXOISAT B COCTaB
KaXXJ0ro TeJla, YPAaBHOBEUIEHHBl CHJIAMM JJIEKTPUYECKUX IOJIEH, MPUHALICKANX OTPULIATEIBHBIM
3apsanam. CiienoBaTenbHO, 3HAUEHUE PE3YyJIbTUPYIOIINX CUJT B3aUMOICUCTBHS, 101 BIUSHUEM KOTOPBIX
HaxXoJsTCs 00a pacCMaTpPUBACMbIX Telld, PaBHBI HYII0. DTO 03HAYAET, YTO JABMIKYIIEECS DICKTPUUECKU
HEUTpaJbHOE TEJI0 U CBS3aHHOE C HHUM HEUTpajJbHOE Iojie HE OyAeT HCHBITHIBATH HUKAKOIO
MPOTUBOJICUCTBUSI CBOEMY JBMIKEHHUIO CO CTOPOHBI HEUTPATbHBIX MOJEH, MPUHAIICKANINX JIFOOBIM
OPYTrUM  JJIGKTPUYECKM  HeUTpanbHbIM  TenaM.  ClieoBaTelnbHO, MO  OMHOWIEHUI) K
PACRPOCMPAHAIOWUMCA  IIEKMPOMAZHUMHBIM ~ 60JIHAM,  6CENEHCKOe  HelmpanbHoe noje
nposensiem ceos, KAK meepoas 6ecoma NPOYHAs ynpy2asn cpeoa, d N0 OMHOUWEHUIO K OBUNCYUIUMCA
INEeKMPUYEeCKU HEUmpanbHbIM Menam 6CeneHCKoe HellmpanbHoe noje npoasiiem ceds, Kak cpeoa
C HYJ1e6bIM 3HAUEHUEM KOIPPuyuenma eazkocmu.

[TomrygaeTcst Tak, 4TO «HECOBMECTUMBIC» CBOMCTBA THIIOTETHYECKOTO dPUpA: ero HeoObruaiHas
KECTKOCTh U OJHOBPEMEHHO HYJEBas BSI3KOCTb, OKA3aJUCh MPUCYIIU BCEIEHCKOMY HEHUTPaJbHOMY
nosito.  CrefoBaTenbHO, 6CeleHCKoe HeumpanbHoe none o00aadaem «HeCOo8MeCHUMbIMU)
ceolicmeamu mozo upa, Komopuiii neimanuce ooHapyscumo Maiikeavcon u Mopnu.

§6. Paamepbl anemeHTapHbIX 3NEKTPUYECKUX 3apsaoB U X
B3aMMoaencTBue C 3JIeKTPOMarHMTHbIMMU BONTHaAMM

3HayeHue HAIMPS’KCHHOCTU NMPUHAAJIC)KAIIETO TCIY I'PaBUTAIMOHHOI'O ITOJIA ITPOIMOPUHHUOHAIBHO
Mmacce 3toro tena. CieqoBaTeNbHO, ecial Kakoe-Tu00 MakpoTeno, TepsieT 3JIeMEHTapHYI0 YacTHIly, TO
SHAYCHUEC HANPsIKCHHOCTH, MPUHAAJICKAIICTO MAKpPOTC/ITy IpaBUTAllUOHHOIO IIOJIA, B 110001 TOYKe
9TOTO TOJIsI YMEHBIIAETCS NMPONOPLHOHAIBHO Macce YTEPSIHHOM TEJIOM YacTUIbl. DTO O3HAYAET, 4TO
pasumayuonHoe noJe 1106020 mena — Mo pPe3yibmam 63auUMHO20 HANOIHCEHUS ZPAGUMAUUOHHDIX
noneii, NPUHAONEHCAUUX 6CEM INEMEHMAPHBIM HACHMUUAM, KOMOpble 6X00Am 6 CcOCmae
paccmampueaemozo mena.

[Ton BIMsSHUEM IpaBUTAIMOHHBIX CHJI (POPMHUPYIOTCS TPACKTOPHUM IUIAHET, 3B€3Jl, TAIAKTUK U
BCEr0 OCTAJIBHOIO BCEJIEHCKOIO BEIIECTBA, a HAOIIOAEHUS 3a JBU)KEHUEM BellecTBa BceneHHON
CBUJCTEIBCTBYIOT O HEOIPAaHWYEHHOCTH paauyca [JEHCTBUS TIpaBUTAlMOHHBIX cwil. M eciomn
IPaBUTALMOHHOE T0JIE€ MaKpOTeNa — 3TO Pe3yJbTaT B3aUMHOI'O HAJIO)KEHUS TPABUTALIMOHHBIX MOJEH,
MIPUHAUIEKANIMX DJIEMEHTAapHBIM 4YacTULAM, KOTOPbIE BXOJAT B COCTaB 3TOrO0 MAakpoTena, TO
HaIMpalIuBaeTCs BBIBOJ O TOM, UTO Kaxycoas, umerouwiasca 60 Bcenennoii anemenmapnaa wacmuya,
obnaoaem 2pagumayUOHHbIM NOJEM, pasmepbl KOMOpPO20 HEOZPAHUYEHHbl. YTBEPKIEHUS O
HCOTPaHNYCHHOCTHU pasMEpoB TpaBUTAaIMOHHOT'O I10JI4 CITpaBCAJINBbI n B OTHOUIICHUH
HEOrPaHUYEHHOCTH Pa3sMEpPOB NIEKTPUUECKOTO MO, MPHUHAIIEKAIEr0 KaXI0My 3JI€MEHTapHOMY
ANEKTPUYECKOMY 3apsiny.

W3BectHbl deThlpe BuJa (yHAAMEHTAIbHBIX B3aUMOJEUCTBUH — ATO CHIbHOE, ciaboe,
IPAaBUTALIMOHHOE M AJIEKTPOMArHUTHOE B3aUMOJICHCTBUSA. YCTAaHOBJIEHO, YTO CHJIBHOE U ciaboe

B3auMofieiicTBus orpamdeHsl pagmycom 107w um  107°m  cooTBerctBeHHO. MCTOUHHMKM
IPaBUTALlMOHHOTO (Macca) M JJIEKTPOMATHUTHOTO (SJIEKTPUYECKUH 3aps]) B3aMMOJAEWUCTBUSA
CUMTAIOTCS TAaKUMH, YTO MPOSBIAIOT ce0sl Ha HEOrpaHMUEHHO OOJIBIIOM paccTosHUHM. BmecTe ¢ Tem,
YTBEPKACHUSI O HEOTPAaHMYEHHO OOJIBIIOM PACCTOSHUM HE CBSA3BIBAIOT KaKUM-THOO o0pa3zom c
BEJIMYMHON MacChl MM BEJIMYMHOM 3apsja, CIeA0BATENbHO, 10001 31eMEHMAPHbLIL INeKMPUUECKUTL
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3apa0 oonadaem HeoZPAHUYEHHO OONLUUM PAOUYCOM 63AUMOOCIICMEU.

PazMepbl 37eMEeHTapHBIX 3JEKTPUYECKUX 3apsA0B HUKOMM OOpa3oM HE 3aBUCAT OT pa3MEpoB
YacTULl, SBJSIONIMXCA HOCHUTEISIMH  3JIEMEHTapHBIX 3apsanoB. HeorpanuueHHoCTh paamyca
AJIEKTPOMAarHUTHOIO B3aMMOJEHMCTBUSI yKa3blBaeT Ha TO, YTO XOTS BecbMa HEeOOJbIIAs 10 pa3Mepam
3JIEeMEHTapHasi 4YaCTUIA-HOCUTENb 3JIEKTPUUECKOT0 3aps/ia U SBJISETCS HEOThEMIIEMON COCTAaBIISIIOIICH
3apsja, HO KaKIbIi 2JIEMEHTapHbBIN AIEKTPUUECKUH 3apsi — 3TO, B IEPBYIO OUEPE/lb, IPUHAIEIKALLIEE
3apsy DJIEKTPUYECKOe IO0Jie, pa3Mepbl KOTOpPOro He uMeroT rpanuil. CienoBaTelbHO, KaxicOblil
cyuwiecmeyrouuil 60 Bcenennoi snemenmapHulit I1eKmpudecKuil 3apa0 umeem HeoZPaAHUYEeHHble
Pasmepul, NOIMOMY RPUCYIICIEYEHn 00HOBDEMEHHO 80 8CeX MOUKAX 6CENEHCKO20 RPOCHMPAHCHEa,
U 3asa6j:1em OH 0 C60eM NPUCYMICIEUU CEOUM IIEKMPUYECKUM NOJIEM, KOMOpoe 8 10001 MOMeHm
6pemMeHu  20moe0 6CHMYnUmb 60 63aumoolelncmeue ¢ INEKMPOMACHUMHLIMU  GOTHAMU,
U3JIYUAeMbIMU JIH0OBIM UCHOYHUKOM.

CreneHp nposiBIEHUs NPUCYTCTBUS 3apsja B TOM MM MHON Touke BceeneHHol omnpexpensercs
3HAYEHUEM HAMNpPSHXKEHHOCTH MPHUHAJJISKAIIEr0 3apsiy JJIEKTPUYECKOro TMOojs, a 3HaueHue
HaIpPsLDKEHHOCTH HAaXOAUTCS B 0OpaTHOM KBaJpaTUYHOW 3aBUCHUMOCTH OT PAaCCTOSIHMS, Pa3AEISIOLIEr0o
YacTUIY-HOCUTEIIb 3apsijia U HHTEPECYIOUIYI0 Hac TOUKy BceneHHoit.

3HaueHue HSJIEKTPUYECKON HANpPSDKEHHOCTHU ONpeeNsieT MHTEHCUBHOCTh B3aUMOAECUCTBUS —
CHIIy, C KOTOpPOH DSJEKTpUUYECKUU 3apsij B3aUMOJICHCTBYET C 3JIEKTPOMAarHUTHBIMU BosiHamMu (DM
BoniHaMu). CrenoBaTenbHO, ecii DM  BOJHBI TEHEPUPYIOTCS HA MOBEPXHOCTH 3€MIIM, TO
3JIEMEHTapHbIE SJICKTPUUECKUE 3apsi/ibl, BXOJAIINE, HAIpUMeEp, B cocTaB JIyHBI, HCTIBITHIBAIOT BeChMa
HE3HAYUTEJIbHOE CUJIOBOE BIIMSHUE CO CTOPOHBI FreHepupyeMblx Ha 3emisie OM BoaH. B To xe Bpems,
OM BOJHBI, MPUOIMKASCH B MPOIECCE CBOET0 PaCHpOCTpaHEHUs! K MOBepXHOCTH JIyHbI, ObICTpO (B
KBaJIpaTUYHOM 3aBUCHMOCTH) YBEJIMYMBAIOT MHTEHCHUBHOCTb CBOETO B3aUMOJACHUCTBUSI C JIYHHBIMHU
ANEKTPUYECKUMU 3apsiiaMd. A B3aUMOJICHCTBUE C 36MHBIMU 3apsilaMU, XOTS M OCJa0eBaeT B TOH ke
KBa/IpaTUYHOM 3aBUCUMOCTHU, HO COXPAHSIETCS B TEYEHHUE BCEIO BPEMEHU CYIIECTBOBaHUS DM BOJIH.

Bce cymiectByronue Bo BceneHHolt siaeMeHTapHbIe 3apsibl OJIHOBPEMEHHO MPHUCYTCTBYIOT BO
BCeX Toukax BceneHHoOM, MOATOMY Bce O3TH 3apsAlpl, IIOCPEACTBOM MPUHANIEKAIIUX UM
ANEKTPUYECKUX TOJIeH, MTHOBEHHO BCTYMAaIOT BO B3aWMOJEWCTBHUE C T€HEPUPYEMBIMH KaKUM-JIHOO
ucToyHukoM OM BonHaMu. OJIHAKO YacCTUIBI-HOCUTEIN 3JIEMEHTAPHBIX JJIEKTPUUYECKUX 3apsa0B
pearupyroT Ha OM BOJIHBI TOJIBKO IOCJE TOTO, KaK 3TH BOJHBI, PACIIPOCTPAHSIACH, TOCTUTHYT CaMUX
yactull. CreoBaTeiabHO, €CIM YaCTULA-HOCUTENb 3JIEMEHTAPHOTO 3apsijia HaXOAUTCS, HalpUMep, Ha
3Be3fe Cupuyc, TO 3TOT 3apsii MTHOBEHHO BCTYIIHUT BO B3aMMOJCHCTBHE C TEHEPUPYEMBIMU Ha 3eMJiIe
OM BoJIHaMH, a 4aCTULA-HOCUTENb 3TOT0 3JIEKTPUUYECKOr0 3apsja Cpearupyer Ha 3TU BOJIHBI TOJIBKO
yepe3 8,8 2oda — uepe3 BpeMs, B T€UEHUE KOTOPOIO pachpocTpaHsomuecs M BOIHBI JOCTUTHYT
Cupuyca. Takoit xapakTep B3aWMOJEHCTBUS SJEKTPUUECKHUX 3apsiIOB, MOXKHO OOBSCHUTH TE€M, YTO
JIEKTPUUYECKOE TI0Jie JIH0OO0ro 3JIEMEHTApHOIO 3JEKTPUYECKOro 3apsia IOJBEPKEHO YIpYyroi
nepopManuu. OTO MOATBEPKAAECTCS paHEe NPUBEIECHHBIMHM JOKa3aTeIbCTBAMMU TOTO, 4TO Jt00OE
HelTpallbHOE TOJIe HAXOAUTCS MO ASUCTBUEM CHUJI YIIPYTOCTH, O3TOMY J1I000€ HeHTpalbHOE 1oJie U
ANEKTPUYECKOE TOJI€ JIF0OO0ro 3JEMEHTAPHOrO 3apsiia CIocOoOHO AePOPMHUPOBATHCS IO BIMSHUEM
JEUCTBYIOIIE HAa HETO CWIbl. OTO MOATBEPKIOAIOT U PUCYHKH, HA KOTOPBIX CHJIOBBIMHM JIMHMSIMH
M300paKeHbl ANEKTPUUYECKUE IO ABYX B3aUMOACUCTBYIOIINX MEKTPUUECKUX 3apsAI0B. Y €IMHEHHBIE
JIEKTPUUYECKUE  3apsi/ibl  00JaJaloT  3JEKTPUUYECKUMHU  MOJSMH, CHJIOBBIE JIMHUM  KOTOPBIX
MPSIMOJIMHEIHBL, a Y B3aUMOACHCTBYIOLINX 3aps10B 3JIEKTPUUECKUE CUIIOBbIE JIMHUN UCKPUBJIEHBI, UTO
CBHUJIETENILCTBYET O JedopManuu syeKkTpuyeckux mnoneid. ClieoBaTeNbHO, 1eKmpuueckoe nogie
Kaxc0020 31emMenmapnozo 31eKmpuiecKo2o 3apaoa, a, c1e006amenbvho, u cam Imom 3apao — Imo
ynpyzoe HeoZPaAHUYEHHOE 6 C6OUX PAIMEPAX Mel0.

§7. Hannune achmnpa noaTBepAAT IKCNEPUMEHTDI

Od4eBHIHO, YTO TOJBKO PE3yAbTAThl OIMBITOB MOTYT OKOHYATEeNbHO YOEIUTh HAacC B TOM, YTO
BCEJICHCKOE HEUTpaIbHOE TIOJIe SABJISETCS 3(PHPOM — Cpelod paclpoCTpaHCHHS SJIEKTPOMArHUTHBIX
BOJIH. BOT M mpUCTYNIUM K PacCMOTPEHHUIO CYTH BO3MOXKHBIX OTMBITOB, MO3BOJISIONINX OOHAPYKHUTH
a¢up.

Hcnonp30BaHue yCTPOMCTB PAAMOCBI3U — 3TO IKCIEPHUMEHTAIbHOE MOATBEPXKACHUE HATHUUs
a¢upa, moaApoOHOE ONMUCAHHE ITUX IKCIEPUMEHTOB MPUBEACHO B §2, HO MOXKHO IPOBECTU U JAPYyTUE
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AKCIIEPUMEHTBHI, Pe3yJIbTaThl KOTOPHIX MOATBEPAST HATHUKE dPUpa.

OnBIT ¢ KaMyIIKOM 3HAKOM BCEM, TOTOMY KakK 3TOT OMBIT SIBIISETCS OJHOM W3 JIETCKUX 3a0aB.
[Tnockuii kamyIek, OpOIICHHBIM MapauieIbHO CIIOKOWHOW BOJHOW TOBEPXHOCTH, HAXOJMTCS IO
JEHUCTBUEM CUJI TSDKECTH, MIOITOMY TPAEKTOPUs KaMyIIKa OKa3bIBA€TCsl TAKOW, YTO OH, MHOTOKPAaTHO
yIapsisicb O BOJHYIO TJIajib U HOJIIpPHITMBasi, OyJeT NBUTaThCs O TEX IMOp, MOKa HE YTPATUT CBOIO
cKopocThb. Kaxioe CONpUKOCHOBEHME KaMyIKa C BOAHOW MOBEPXHOCTHIO NPHUBOJAUT K IOSBICHHUIO
BOJIH Ha MOBEPXHOCTH BOAbL. CKOPOCTh PACIPOCTPAHEHUS BOJIH OAMHAKOBA BO BCEX HAIPABIICHUSX,
MO3TOMY BOJIHBI 00pa3yrOT PacXOASIIHecs OKPYXHOCTH, IIEHTPbI KOTOPBIX COBHANAIOT C TOYKAMHU
CONPUKOCHOBEHUS KaMyIlIKa C BOJIHOM MOBEPXHOCTHIO. Takas ¢opma BOJH CBHAETEILCTBYET O TOM,
YTO CKOPOCTh pPACIpPOCTPAHEHHUS BOJIH HUKOUM O00pa3oM HE 3aBHUCHUT HHM OT CKOPOCTH, HH OT
HaIpaBJICHUsl JBM)KCHMSI KaMYIIKa, SIBJISIOIIETOCS HWCTOYHUKOM BOJIH. CKopocmb 601H eceyeno
3aeucum om 0codeHHocmeil moii cpedvl, 8 KOMOPOIL IMU G0IHbL PACHPOCHIPAHAIOMCA.

Wuorna BBICKA3BIBAIOTCS MHEHHS O HEOOXOJUMOCTH TPOBEICHHS ONBITOB MaiKelnbcoHa —
Mop:au B yciaoBHsIX, KOT/Ia MCTOUHUK CBETa JBUKETCS OTHOCUTEIbHO UHTEepdepomerpa. OHAKO OMBIT
C KaMYIIIKOM CBUJIETEIILCTBYET O TOM, YTO PE3YJIbTaThl ONBITOB Malikenbcona — Mopiiu, mpoBOAMMBIX
C JBUXKYIIMMCSI UCTOYHUKOM CBeTa, HE OyIyT OTIMYAThCA OT pPE3yJbTAaTOB OIbBITOB, KOTOPbHIE
MIPOBOIMJIUCH C HEMOJABUKHBIM HCTOYHUKOM CBETA.

OnbIT ¢ KAMYIIKOM MO>KHO TTOBTOPUTH Ha BOAHOW MOBEPXHOCTH IJIABHO JBUIKYIIETOCS BOJIHOTO
1oToka. Takol ONbIT NO3BOJIET BU3YaJbHO HAOI0aTh, KAK KPYTH PAacCXOSIINXCS BOJIH YBIIEKAIOTCS
JIBWKYIIMMCS BOJAHBIM IOTOKOM. CrieoBaTelbHO, pe3yJbTaThl ONbITOB Malikenbcona — Mopiu
OK@XKYTCSl TOJOXKHUTEIbHBIMH, €CITU HHTEPPEPOMETp ABIIKETCS OTHOCHTEIBHO 3dupa Win 3Pup
MepeMenaeTcsi OTHOCUTENBHO HHTEp(hepoMeTpa, Kak pa3 Jijis 3TOr0 U co3/1aBajics UHTepHEpoOMETP.

OneiTel MalikenbcoHa — Mopi 1enecooOpa3Ho MPOBOJUTH B YCIOBHSX KocMmoca. Ecim
uHTEpPEepOMETp yCTaHOBUTH HA KOCMHUYECKOM arlapare, TO OH OyJIeT IBUTaTbCi OTHOCHUTEIHHO
a¢upa, a HEIOMYCTUMBbIE BUOpALMK OyAyT OTCYTCTBOBATh, YETO TPYIHO, & TO U HEBO3MOXKHO JTOOUTHCS
B 3eMHBIX ycnoBusx. K Tomy e, ¢ yuérom cnenudpuku Kocmoca BO3MOXKHBI YCOBEPIIEHCTBOBAHUS
uHTEphEpOMETpa, U €CITM MHOTOKpPATHBIE MpeIojaraeMple (pacyeTHbIC) MOKa3aHusl HHTEpPepoMeTpa,
COBMAJIYT C pe3yJbTaTaMH SKCIIEPUMEHTOB, TO 3TO U OyAET MOATBEPKIEHUEM Han4us 3upa.

B Kocmoce MOXHO NpPOBECTH HE TOJIBKO OIBITBI MalkenbcoHa — Mopiau, HO U OIBITHI IO
U3MEPEHUI0 CKOPOCTH CBETA. 3HAUYEHUE CKOPOCTU CBETA, U3MEPEHHOE B YCJIOBHUAX KOCMOCA, MOXKET
okaszatbest kak Menbime 300000 km/c, Tak W GoJblne 3TOro 3HaueHHWs. M B 3TOM ciydae, eciu

MHOTOKpaTHbIE IPEenoiaraeéMble (pacueTHbIe) 3HAUYEHUSI CKOPOCTH CBETA, COBIAAYT C pe3ybTaTaMH
HKCHEPUMEHTOB, TO 3TO M OyneT mnoiaTBepxkaeHueM Hanuuusa 3¢upa Kocmuueckass ycTaHOBKa,
U3MepSIoNIasi CKOPOCTh CBETA, I0JKHA YUUTHIBATh TOJIBKO OJIHOCTOPOHHUI XOJ] CBETOBOI'O HUMITYJIbCA.
Ecnu yunThiBaTh mpsiMON M OOpaTHBIA XOJ HMIOYJIbCca MM KakKylo-THOO JPYryi0 3aMKHYTYIO
TPAEKTOPHUIO UMITYJIbCA, TO PE3YNIbTAThl U3MEPEHUN OKAXKYTCSI OTPULIATEIbHBIMHU.

Opnnako Kocmoc — 3T0 naneko, JO0poro U He BCEM JIOCTYIHO, MO3TOMY OyAeM Imojaratbcs Ha
0osiee TPOCTBIE OMBITHI, KOTOPbIE HAIpaBJIEHbl Ha HCCIENOBaHUS 3(dUpa U MPOBOJATCS B 3EMHBIX
ycIoBUsAX. MOYKHO ITPOBECTH ONBITHI 110 PETMCTPALIMM MAarHUTHOTO I10JIs, HABEEHHOTO JIBHKYIIUMCS
ANEKTPUYECKUM 3apsiioM. Pe3ynbTaThl TAKUX OIMBITOB OYAYyT CBUAETEILCTBOBATH O HAIMYUU 3(upa.

B yueOnuke «®usuka» [3] Ha ctp. 105 mpusenensl nBa pucynka. Ha puc. 101 uzobOpaxen
HaxXOJAIIMNCA Ha TEJIEeKKE MalbUMK, KOTOPBIA IBUKETCS BMECTE C TEJIEKKONH M HaXOISAIIMMCS Ha
TEJIEKKE 3apsJIOM, CIEA0BATEIBHO, 3aps] HEMOJABUKEH OTHOCUTEIBHO MAJbUYMKa, IIO3TOMY Yy 3apsjaa
OTCYTCTBYET HaBeJleHHOe MarHuTHoe noje. Ha puc 102 uzobpakeH HEMOJIBUKHO CTOSIILIUN Ha 3emile
TOT € MaJb4MK, MUMO KOTOPOTO JIBHJKETCS Ta )K€ TEJIEKKA C HAXOMALIMMCS Ha HEH 2JIEKTPUUECKUM
3apsaoM. B aToMm ciywae 3apsin IBHXKETCSI OTHOCHTENBHO MaJIbUMKa, IMO3TOMY 3aps]l HaBOAMT
MarHuTHOE MoJie. eKmpuuecKuil 3apao, OGUICYWUIICA OMHOCUMENbHO HADII00amens, HagooOum
euxpeeoe MaZHUmMHOe noje — STO BECbMa pACHPOCTPAHEHHOE, HO JajJeKo He OeccriopHoe
YTBEp)KJCHHE, BCTpeYarolleecss He TOJbKO B IIKOJBHBIX Yy4YyeOHUMKAaX, HO W B JIUTEparType,
MpeHa3HauYeHHOU i cTy/ieHToB BY30B, HH)KeHEPOB U HayYHBIX paOOTHHUKOB.

MBICIEHHO YCIOXHHM SKCIEPUMEHT, OMUCAHWE KOTOPOTO MPUBEICHO B IIKOJIHHOM Y4EeOHMKE
«Dusukay [3]. Tlpennonaokum, 4To 3a OJHHM 3apsAA0M, HAXOASIIMMCS Ha IBIIKYIIEHCS TEIe)KKe
OJTHOBPEMEHHO HAOMNIONAIOT JBa MajbuMKa, OJUH M3 HUX HAXOAMUTCS Ha JBIXKYIIEWCS TENeKKe, a
BTOpPOI HEMOJBUKHO CTOUT Ha 3emiie. B aToM citydae, 3aps HAaBOJUT MarHUTHOE TOJI€ OTHOCUTEIHHO
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CTOSIIIEr0 Ha 3eMjie MallbuMKa, HO, KaK yTBepkaaeT y4eOHuk «Dusuka» [3], 3apsa He HABOAUT
MarduTHOTO MOJISI OTHOCUTEILHO MaIbUlKa, HAXOISIIEIOCs Ha TEICIKKE.

Haxonsimuiicst Ha TenexXKe 3apsig MOKHO TIOJIBECUTh Ha JITTMHHOW HUTH U TIOMECTHTH TOT 3apsif
B MarHUTHOE TI0JIe CTOPOHHET0 MarHuTa. B 3ToM ciiyyae HaBEJACHHOE 3apsiJOM MarHUTHOE ToJie OyaeT
B3aUMOJICHICTBOBATh C MArHUTHBIM TOJIEM CTOPOHHET'0 MarHWTa, TO3TOMY CTOSIIMKI Ha 3eMJIE€ MATbUYHK
YBUJUT, YTO MOJBEIICHHBIA HA HUTHU 3apsij OTKIOHSETCS B CTOpoHY. OHAKO MaJIbUMK, HAXOALIIUNCS
Ha TeJIeKKe, He 0OHAPYKUT OTKJIOHEHHUE 3apsi/ia MOTOMY, YTO OTHOCHTEIIBHO 3TOTO MaIb4uHKa 3aps]l He
HAaBOJUT MArHUTHOTO TIOJIS, TOSTOMY OTCYTCTBYIOT CHJIbI, CIIOCOOHBIE OTKJIOHUTH 3apsl.
CrnenoBaTenbHO, MaJIbYUK, CTOSIIUN Ha 3emiie, OOHAPY)KUT OTKJIOHUBIIUKUCS 3apsij B OJHOW TOUYKE
MPOCTPAHCTBA, & MAJIbYHMK, HAXOAAIIMICS Ha TEIEKKE, OOHAPYKUT, YTO TOT K€, HO OCTaBIIHICS
HETIOJBMKHBIM 3apsi/l, HAXOJUTCS B IPyroil Touke npoctpancTra. [lonyyaeTcs Tak, 4TO OJUH U TOT Ke
3aps)l OAHOBPEMEHHO HAaXOJMTCS B JABYX Pa3IMYHBIX TOYKAX MPOCTPAHCTBA, & 3TO YK OYCHb CHIIBHO
CMaxuBaeT Ha MUCTUKY. HO HE CTOUT MATH HA MOBOJLY MUCTHKH, JTYYIlIe MPOJAOJIKUTH SIKCIIEPUMEHTHI.

Heobxoaumo ynanuTh MaabYMKOB U JIFOOBIX IPYTrUX OAYIICBIEHHBIX HAOIIOAATEIICH, H OCTABHUTh
TOJILKO 3apsil M O€CCTPACTHBIC HEOAYIICBIEHHBIC YCTPOUCTBA M PUOOPHI, PETUCTPUPYIOIINE HATUIHEC
HaBEJICHHOTO 3apsiJIOM MarHUTHOTO ToJisl. B 3TOM ciydae Tenexka BMeCTe ¢ 3apsioM OyJIeT ABUTAThCS
co ckopocthio 30 km/ ¢ BMecTe ¢ 3emiéii B mporecce OpOUTAIBLHOIO ABMKEHHS 3€MIIH, CO CKOPOCTHIO

200 km/c Bmecte ¢ ComHeuHoO# cuctemoi B mporecce aBmkeHUs: COJHIA OTHOCUTEIBHO LIEHTPA

TaJJaKTHUKU. OI[HOBpCMeHHO C 3THUM MHOXCCTBO OAYHICBJICHHBIX M HCOAYHICBJICHHBIX O6”I)CKTOB,
HaxoaA1muxcs BOJIM3H 3apsada U YAAJICHHBIX OT 3apsAa, MOT'YT JABUT'aTbCS OTHOCHUTCIIBHO 3apsJa, U HA
OAHO M3 BCECX INCPCUMCICHHBIX BBIIIC I[BI/I)KCHI/H\/JI HEC HpI/IBeI[éT K HaBCACHHUIO 3apsJ0M MarHuTHOI'O
nojas. MarHutHoe mnojie Yy 3apsaa IMOABJIICTCS TOJIBKO B TOM ClIydae, KoOrga 3apial ABUIKCTCH
OTHOCHUTCIIbBHO MOBCPXHOCTU 3emin.

Ecau BBINOJIHUTH SKCIICPUMCHTBI C ABUXYIIUMCA JJICKTPHUYCCKUM 3apsAaOoM, TO PE3YJIbTAThbL

TaKUX SKCIEPUMEHTOB, OyAYT UMETh BHYIIUTEIBHYIO HAYUYHYIO IIEHHOCTD, MO CJICAYIOIIUM MPUYUHAM.
Bo-nepBbIX, DNEKTpUYECKOE I0JIE HABOAMUTCS JJIEKTPUUYECKUM 3apsOM TOJBKO B CIlydae
JBIKEHUS TOTO 3aps/ia OTHOCUTEIHHO MOBEpPXHOCTH 3emiu. CienoBarenbHO, 3emMiie MPUHAIJICKUT
HEKas cpefla U ITOM CpPeloH SIBISETCS HEUTpaIbHOE JJECKTPUUYECKOE I0JIe, KOTOPOe B MaciuTadax
Bcenennolt ucnomHseT posib 3pupa — pob CpeIbl paCIPOCTPAHCHUS DIEKTPOMArHUTHBIX BOJIH.

Bo-BTOpBIX, pe3yabTaThl OMBITOB C ABMKYIIMMCS 3apsiioM yOeXIarT B TOM, YTO HaBEJIEHHOE
MAarHUTHOE TOJIE€ — 3TO BO3MYUIEHUS HEWTPAJIBbHOrO IOJS, BBI3BAHHBIE IABHMKYLIIMMCS B 3TOM IIOJIE
aNeKTpudeckuM 3apsanoMm. CrenoBaTellbHO, MarHUTHOE IOJIE — 3TO CBOEOOpa3HbIE COBMECTHBIC
«3aBUXPEHUSD HEUTPAIBHOTO MOJII M AJIEKTPUYECKOTO MOJIA, MPUHAUIEKAIIETO 3apsAny, KOTOPBIN
JBIDKETCS B HEUTPATBLHOM M0JIE, — 3TOT (DaKT MOATAIKUBAET K MEPEOCMBICIEHUIO CYTH MarHUTHOTO
0JIA U K He00X0IUMMOCTH O0Jjiee TIyOOKOro Mo3HaHUS MPUPOIbl MATHUTHOTO TIOJIS.

B-Tperbux, pe3yapTarhl ONBITOB C JBWXYIIMMCSA 3apsSaoM IMO3BOJSIOT JaTh OTBET Ha
HEpa3peIEHHbIA 10 3TOr0 BONPOC — IOYEMY JBa IMPOBOJAHHKA, NMPOBOIAIIMX TOKHM OJMHAKOBBIX
3HAYEHHUM U HAMPaBICHUN, HAXOIATCS MO ICMCTBUEM MAarHUTHBIX CHJI B3aUMHOTO NMpUTsDKeHus? Ecnu
JIBAa OJMHAKOBBIX NapajuIeJIbHBIX IMPOBOJHUKA IIPOBOJIAT TOKHA OJWHAKOBBIX 3HAYEHUM W OJMHAKOBBIX
HAMpaBJIE€HUA, TO B 3TOM CIy4ae CKOPOCTb YHOPSAOYEHHOTO ABWKEHHS 3apsSaoB MHPOBOJAMMOCTH
OKa)XeTCsS pPABHOBENUKONH B O00OMX TPOBOJHUKAX, TOITOMY 3apsiibl MPOBOJUMOCTH OJHOTO
MPOBOJTHUKA OKAXKYTCSI HEMOJBH>KHBIMU OTHOCUTEIBHO 3apsAI0B MPOBOJMMOCTH BTOPOrO MPOBOHHUKA,
M OTO HE MeEIIaeT HAaBEJACHHUIO MAarHUTHBIX MoNed oOoumu mpoBoAHHMKamH. CreaoBarenbHO, HH
JIB)KEHUE 3apAJIOB IPYr OTHOCUTEIBHO JIpyra, HU JABWKECHHS 3apsA0B OTHOCUTEIBHO CTOPOHHETO
HaOIto1aTeNsl, HU Kakue-In0Oo WHBIC ABM)KCHUS HE MOTYT MPUBECTH K HABEJIEHUIO MAarHUTHOTO IOJIA.
Eouncmeennoii npuuunoil HagedeHH020 MAZHUMHO20 NOJIA AGIACMCA 0BUNCCHUE ITICKMPUYECKUX
3apAa008 OMHOCUMENbHO NOGEPXHOCMU 3emau, a eémecme ¢ meM, 3apAadbl OGUICYMCA U
OMHOCUMENbHO HEUMPAIbHO20 IJIEKMPUUECKO20 NOJIA.

Kak BUIMM, ONBITHI C JBHXKYITUMUCS SJICKTPUUECKUMHU 3apsiiaMd TOATBEPIAT, (PaKT HATUUUS
a¢upa, MO3BOIT TIIYOKe MO3HATH MPUPOTY MAarHUTHOTO TIOJII W HAWTH OTBETHI Ha HEpa3pelIuMbie
JIOCEJIE BOIIPOCHI.
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§8. Heob6xoaumMocTb AanbHeMnwero uccnegoBaHua acupa

Jlo HacToOSAIIero BPEMEHHM OTHOLICHHE O(UIMANBHOW HAyKH K JJIEKTPUYECKOMY TOJIIO,
IPUHAJIEKAIIEMY IEKTPUUECKH HEUTPAIbHOMY BEILIECTBY, OBUIO TaKUM, KaK €ciau Obl TaKoe MOJIe B
npupoae He cymectByeT. OIHAKO HM3y4EHHME HEHTPaJbHOrO IOJIs, B YACTHOCTH, M BCEJIEHCKOIO
HEeHTpaJIbHOrO MOJIs, B LIEJIOM, 000raTUT HayKy HOBBIMU OOIIMPHBIMU O3HAHUSAMH.

Habnronas 3a nBrKeHHEM 3Be3]l, y4EHbIE MHOTA ONPEACISIOT MOJI0KEHNUE ITUX 3BE3/], KOTOpPBIE
OHU 3aHMMAJIM HECKOJIbKO ThICSUYENIeTHH Ha3zad WM OyAyT 3aHMMAaTh Yepe3 HECKOJIbKO ThICSUYENICTHI.
[Ipu 3TOM y4eHble HE YYUTBHIBAIOT TOTO, YTO 3(UpP NMPHUHAICKHUT BEIIECTBY BceneHHO, mosromy
MOJIBUKHOCTD 3(Hpa HAXOAUTCS B IPSIMOM 3aBUCUMOCTH OT MOBM)KHOCTH BCEJIEHCKOIO BEIIECTBA.
CrnenoBarenbHO, yueHbIE HE YYHTHIBAIOT TOTO, KyJa M HACTOJIBKO 3a MPOUICAIINE WIM Oyayline
ThICAYENICTHsI CMELIAeTCs BEIIeCTBO, a BMeCTe€ C HHUM cMemaercs U caMm  3dup,
pacmpocTpaHsitonuiicss B 3pupe B CBET, UAYNUH OT MaNEKUX 3BE3[, U ITO BHOCHT OTPOMHBIC
IIOTPEIIHOCTH B BBIYMCIICHUS YUEHBIX, ONPEICIIAIOMUX ITOJI0KECHHUE 3BE3 .

DneKkTpuuecKas HanpsHKeHHOCTh HEMTPaIbHOTO MOJIS, TO €CTh IUNIOTHOCTh 3(Upa, B HEKOTOPOU
€ro TOYKE, HAXOAUTCS B OOpaTHOW KBaJpAaTUYHOM 3aBUCHUMOCTH OT DPACCTOSHUS, DPa3IeNAIOLIEro
YKa3aHHYI0 TOYKY M 3JIEKTPUUECKU HEUTpPaIbHOE TENIO0, KOTOPOMY HPHHAJIEKUT PaccMaTpUBacMoOe
HeiftpasibHoe moje. CrenoBaTeNbHO, BCEIEHCKOE HEeHTpanbHOe moje — 3dup — 3TO cpexa,
HEOAHOPOJHOCTb KOTOPOM 3aBUCUT OT HEPaBHOMEPHOCTH pAacHpeleieHus BelecTBa BceneHHOM.
CKOpOCTb pacnpoCTpaHEHMsI 3JEKTPOMAarHUTHBIX BOJH 3aBUCUT OT IIOTHOCTH 3¢dupa — oOT
HaIpPsLDKEHHOCTH BCEJIEHCKOTO0 HEUTPAJIbHOrO Mouisd. B CBA3M ¢ 3TMM BO3HMKAaeT BOIPOC: HACTOJIBKO
IPaBUIBHO BOCIpPUHMMaeM Mbl HH(popMamuio o BceneHHON, KOTOpas JIOHOCUTCS Ham
ANEKTPOMarHuTHBIMU  BoJiHaMu? To ecTh cyllecTBYeT BOIPOC: HACTOJIBKO COOTBETCTBYET
JeUCTBUTENLHOCTH HaOmroaemMasi HaMu KapThHa BceeneHHOH? B03MOXHO «KpacHOe cMelleHue» U
«B3phIBaroIasics Beenennas» — 310 He Ooiee yeM ONTHYECKUit oOMaH?

3Be31aM W IJJaHeTaM [OpPUHAMIEKAT HelTpalpHble 1oy, uMeromue (opmel  chep,
CJIEIOBATEIbHO, HEHUTPAJIbHBIE IOJIA 3B€3[ M IUIAHET — 3TO CBOEOOpa3Hble ONTHYECKHUE JIMH3BI,
KOTOPBIE BHOCST JIOMOJHUTEIbHBIC HCKAKEHHUS KAPTUHBI HAaOtogaeMoii Hamu BeeneHHOi.

Camass cnoxHas 3ajgada, pelleHHe KOTOpoH MO3BOJAMIO Obl co3gaTh 3¢ (EeKTUBHBIN
TEPMOSIIEPHBII PEaKTOp — 3TO yAEpKaHHe IIa3Mbl B 33JaHHOM pabouem oObeme. Y aepikaHue 1mia3mMbl
OCYILIECTBIISIETCS. C IOMOILIBI0O MAarHUTHBIX MOJIEH, M €CIM O HAcTOALIEr0 BPEMEHM HE CO3/aHa
HaJeKHas JOBYIIKA JJIs TUIa3Mbl, TO IPUUMHON TOMY SIBISI€TCS, BOSMOKHO, HE 1O KOHIIA NTO3HAHHAs
IIPUPO/a MarHUTHOTO nousisd. HaBeneHne MarHUTHOTO IOJISI IPOUCXOIUT B PE3yIbTaTe BO3MYILECHUN
a¢upa, ¥ BO3MOXKHO, pa300paBIINCh B 3TOM, MOKHO CTOJIb INIyOOKO MO3HATh IMPUPOJY MarHUTHBIX
M0JIeH, YTO CO37aHNe HAIS)KHOW MAarHUTHOM JIOBYIIKH JUIs TUIa3Mbl HEe Oy/I€T MPeACTaBIATh IPOOIIeM.

Her orBera m Ha Takoil Bompoc, a He NOSBATCS JU Oojiee COBEpLICHHBIE, Y€M HbIHE
CYIIECTBYIOIIUE 3JIEKTPUUECKNE MALIHHBI, T03HAM Mbl 60JI€€ OIHO NPUPOAY HEUTPATBHOTO MO ?

CkopocT U MaHEBPEHHOCTH COBPEMEHHBIX KOCMHYECKHMX allllapaToB BECbMa OTPaHUYEHBI, a
pEeaKkTHBHbIE JBUTATEIM Majdod(p(EKTUBHBI, JOPOTrOCTOSINME, a BO MHOTHUX CIy4asx eme H
OJIHOKpaTHOro npuMeHeHus. Camblii OOJIBIION MOPOK PEAKTUBHOTO JIBUraTeNsl — €ro BeCbMa HHU3Kas
CTENeHb HAJEKHOCTU M CBS3aHHas C 3TUM upena Kartactpod. M 3To mpuTOM, YTO NPUHIUITY
PEaKTUBHOTO JIBU)KEHUS BO3MOJKHA allbTEPHATHBA, KOTOpas, KakK HeJIb3sl JIy4lle, MOET ObITh
peamm3oBana B Kocmoce. BceneHnckoe HeWTpanabHOE Mojie MpOsBIsSET cels, MO OTHOIIEHUIO K
AJIEKTPOMAarHUTHBIM BOJIHAM, KaK BeCbMa IPOYHas TBepas cpena. B cBs3u ¢ 3TUM BO3HUKAET BOIMPOC:
a Henb3s JM ¢ nomouibto OM BOJH omepeThecsi 0 HelTpanbHoe none? M ecnm MOXKHO, TO, KakuX
KOCMUYECKHX CKOPOCTEH MOXHO JOCTHYb, OTTAJKHUBAsChb OT HEUTpPalIbHOrO IMOJIA, U HACTOJIBKO
COBEPIICHHBIMH ¥ 3(P(EKTUBHBIMH MOTYT OKa3aThCs OTTAJKUBAIOLIMECS OT 3(upa IBUraTenu?
[losiBnsieTcss Hanexa, yTo B Onipkaiiiiee BpeMs, MCOb3ys 3Hepruto CoslHIIa U OTTaJKUBAasCh OT
HEHUTPAJIBLHOIO I0JI, MOKHO OpPraHu30BaTh NoJjeT K JIyHe mnu Mapcy U OKakeTcs, UTO TaKOM MOJeT
He 0oJiee XJIONOTHOE 3aHATHE, YeM MOe3/1Ka B APYTroil KOHEeIl ropojia K Tellle Ha OJMHBI.

MBI HONBITATNUCH JIUIIb CIETKA «IIPUKOCHYTHCS» K 3QHUPY, U cpa3y, CKOJIBKO BOIIPOCOB, PELICHNE
KOTOPBIX MOKET IPUHECTU OTPOMHYIO HAYUHYIO U NMPAKTUYECKYIO MONb3y. VI HUKTO CeroHs He 3HaeT,
CKOJIBKO HE MEHEE aKTyaJbHBIX BOIIPOCOB MOXKET IOSIBUTHCSA M YCIIELIIHO PAa3pelIUThCS B MPOLECCE
HCCIIEIOBaHMSI BCEJIEHCKOT0 HENTpanbHOro mosisd — B npouecce no3Hanus Ero Beinuecrsa JOUPA.
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3aknro4yeHue

Bot yxe Oonee cronerus (HauumHas ¢ 1905 roma) BOKpyr adupa HAET HEIpPUMUpHUMAs U
oxkecTou€HHast 60pp0Oa U 1711 3TOro eCcTh Beckue npuuuHbl. [Ipu3Hanue Hanuuus 3pupa o3HavaeT Kpax
Teopuu otHocutenbHoctd (TO) DiiHmiTeliHa M, Kak CIEACTBUE, HAYaJ0 HAy4YHO-TEXHUYECKOU
PEBOJIIOLIMYA B MUPOBOM HAYKE.

Cnyunnoce Tak, 4TO Ha CErOJHSLIHMM JI€Hb BCE TJABEHCTBYIOIHME M PYKOBOJSAIIME IOCTHI B
HayKe 3aHHMMAlOT, B OCHOBHOM, cTopoHHuUKH TO, Ha3piBaromue ceOs pensTuBHCTaMH. B ciyuae
kpymenuss TO pensTUBHCTaM €CTh, YTO TepATh. M3 00IIero Koau4ecTBa BBIACIUM JIHIIb HEKOTOPYIO
MaJIylO0 4acTh IPUYMH, BEIHY)KJAIOIIUX PEIATUBUCTOB OTPULIATh (PAKT HANU4Ms ddupa:

® HEKOTOpbIE PEIATUBUCTHI, MO3HaBIIKE cMbICI TO, cuuTaroT ceds, 4yTh JIM HU XPAHUTEISIMU
HEKHMX CaKpaJbHBIX 3HAHUH, CYThb KOTOPBIX HE BKJIAJbIBAETCS B CO3HAHME MPOCTHIX CMEPTHBIX, U
9TO KaK Obl BO3BBIIIAET PEJIATUBUCTOB HAJl BCEMU OCTaJIbHBIMU;

® KaXAOMY SpOMY pENsSTHUBUCTY, B ciaydae kpaxa TO, mpunércs uszberarts OOIICHUS WU
U3BUHATBCS IEpe]l IUIEA0M CBOMX YYEHHUKOB M IIOCIIEJOBATEIECH 3a HaBA3aHHBIE UM JIOXKHBIE
3HaHUS, a TaKue W3BUHEHUS PABHOCWIBHBI IPU3HAHUIO PEISITUBUCTOM OLIMOOYHOCTH MU
0ECIIOJIE3HOCTH BCEM CBOEH KU3HU,

e B ciayyae kpaxa TO orpomMHOe KOJMYECTBO HAYUHBIX TPYAOB PEIATUBUCTOB MOKHO OyneT
OTIIPABUTH, €CIIU HE B KOCTEP KAMUHA, TO B MaKyJaTypy, a JUlsl aBTOPOB 3TUX TPYJIOB — 3TO OyaeT
HE3a)KMBAIOLLEH JyIIEBHONW PaHOM;

e [JaBHAas NIPHUYMHA, U3-32 KOTOPOM pEJIATHBHCTAM HENEPEHOCUMO TPYAHO COIJIACUTHCS C
omnbouHocTel0 TO — 3TO TO, YTO MHOTME TPYyAbl M YOEKAEHUS PEISITUBUCTOB, KOTOpbIE
MO3BOJISUIM MM YCIIEHIHO IPOJBUIAThCA MO KAPHEPHOM JIECTHUIIE, OKAXYTCSl JIOKHBIMU — 3TO
MOJKET ObITh OCHOBAHMEM JUIsl JIMIIEHUS MHOTMX PEJIATUBUCTOB YYEHBIX CTEIEHEH M 3BaHUH U,
KaK CJIEZICTBHE, CMEIIEHNUE UX C 3aHUMAaeMBbIX JOJKHOCTEH;

® €CTh €lIE U NOJUTUYECKUE MOTUBBI, KOTOPBIE 3aCTaBJISIIOT PEJIATUBUCTOB HEUCTOBO 3aIIMILATh
TO, HO MBI He OyJieM KacaThCsl MOJIUTHKY.

MHorue n3BecTHbIE POCCHIICKHE U COBETCKHE yu€HbIe ObuTH yoekn€HHbIME poTuBHUKamMu TO.
[IporuBnukamu TO Oputn: Mennenees, Llnonkosckuit, Kykosckuit, Tumupszes, Koctepun u MHOrHe
npyrue. B poccuiickoil Hayke mpoTUBHUKOB TO Ob1710 Ob1 HAMHOTO OOJIbLIIE, €CIM Obl HE MHOKECTBO
cTareil, MOX0KuX Ha cTaThio «O MOJ0XKEeHUN Ha pUIocoPpckoM (GpoHTE COBETCKOM (PU3HKI», KOTOPYIO
akagemuk Modde onybdaukosan B 1937 roay B xxypHane «llojg 3HamMeHeM Mapkcu3Ma JEHHUHHU3May,
BOT IMTaTa U3 3Toi craThi: «Ho BCE emé octanuch TOpeITUBUCTCKHE (PU3UKH, KOTOPbIE YIPSIMO HE
JKEJAI0T MPHU3HABATh TEOPUIO OTHOCHUTENIBHOCTH, — 3TO Jlenapa u Iltapk B 'epmanum, JDx. Ix.
Tomcon B Anurnuu, A. K. Tumupszes u H. I1. Kocrepun B CCCP. Jlenapn u Illtapk coueraroT 3Ty
Hay4YHYI0 PEAKIIMOHHOCTb C MpakoOecueM oroatenoro gammusma...». Ilociae Takux cioB Majo y Koro,
*uBIIKX B 1937 rogy, COXpaHUIIOCH XKEJIaHUE OCTaBaThCs B pAax NpoTuBHUKOB TO.

He Ttonbko B poccuiickoii, HO U B MHUPOBOM Hayke OBLIO MHOTO H3BECTHBIX YYEHBIX, HE
npuzHaBaBmmx TO. Jlaypearamu HoGeneBckoil mpemuun mo ¢usuke, koropsle He npusHaBanu TO,
obumm: JIx. JIx. Tomcon, C. A. Appennyc, I1. V. bpumxmen, Moxannec Iltapk, ®wmnn don
Henapn, O6buin U Jpyrue jnaypeaTsl HoOeneBckoil mpemuu, W ydu€Hble ¢ MHUPOBBIM HMEHEM, HE
npusHaBasue TO.

B Hacrosmiee Bpems poccHiickoe Hay4HOE COOOLIECTBO HAaXOAUTCS TOJ MOCTOSHHBIM
HaOII0JICHUEM HEJAPEMaHHOTO OKa KOMHUCCHU TI0 Oopb0e ¢ JDKeHayKoW. DJTa KOMHCCHS CO37aHa
Poccuiickoii akagemun Hayk (PAH). Ilo odunmansHONW BepcHM LENbIO 3TOH KOMHCCHU SIBIISETCS
O0pbOBI C BCAKMMH TaM acTpOJOraMH, 3KCTpace€HCaMH, TeJenaTaMy, MPOBHUJLIAMHU, CaMOJIECIbHBIMU
Bpav€BaTEIsIMU ¥ NPOYMMH H3JIMIIHE MHUIMATUBHBIMU JUYHOCTSIMH, KOTOPBIE, C LIEIbIO MOJIY4YEHHUS
MaTepuaIbHBIX OJiar, TOTOBBI 3a4acTyl0, Ha UIYJEPCTBO, JIOXKb, MOJJIOr, MOIIEHHHYecTBO. OmHaKo
60opb0a ¢ MOIIEHHUKAMH U IIyJIEpaMu — 3TO NPeporaTuBa MpaBOOXPAHUTENbHBIX OpraHoB, a PAH c eé
00s1e€ YeM CKPOMHBIMH OFOJKETHBIMU aCCUTHOBAaHUSIMU HE ObUIO HUKAKOH HEOOXOAMMOCTH CO3/1aBaTh
KOMHCCHIO TI0 00ph0Oe ¢ JKeHayKO# M pacxoloBaTh Ha 3TO JIOMOJHUTENbHbIE (PUHAHCOBBIE CPEACTBA.
HocratouyHo Obw10 Ob1 W TOro, uro PAH naBama Obl mpaBOOXpaHUTENBHBIM OpraHam, HpU
HE00X0AMMOCTH, KBATM(PUIMPOBAHHBIE HAy4YHbIE KOHCYNbTAllMH. Tak HET ke, HeB3Upas HU Ha 4YTo,
PAH nomna Ha co3gaHue TakOW KOMHUCCHHU — 3TO OOBSICHAETCS TEM, YTO B OTIWYHE OT O(PHUIIHAIBHO
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3asBJICHHOM IIeMM JTOM KOMHCCHHM, ¢ Heo(uIMaabHas W OCHOBHAas Ielb Obuta Oopnba ¢
nporuBHuKamMu TO. Hy, HUKaK HE XOTAT BBICOKOIOCTABJIEHHBIE a]MUHUCTPATOPHI OT HAYKH MOKUIATh
CBOM POCKOIIHBIE CIYXeOHbIe KaOMHETHI M XOPOILIO MPOTPeThie JOKHOCTHBIE Kpeciia, a B clydae
kpaxa TO — TakoB ucxoj Hen30exKeH.

«Ho ckonbkO BepEBOUYKE HE BUTHCH...», BOT UTO B CBOEH crarbe «bieck M HUIIETa TEOPUH
OTHOCHUTEJIFHOCTH DWHIITEHHa» CKa3zajd MO 3TOMY IOBOAY JOKTOP TEXHWYECKHX HayK, Mpodeccop
B. A. AmrokoBckuii [6]: «Ceroans HeT B Mupe 0ojiee peakIMOHHON M JDKHBOM Teopuu, yeM Teopus
OTHOCUTENIbHOCTH DiiHmTeiiHa. OHa OecruiofHa W HE CIOCOOHA JaTh YTO-JIMOO TPHKIATHUKAM,
KOTOpPBIM HEOOXOAMMO pelllaTh Ha3peBlIue 3agaud. Ee mociieoBaTteny HE CTECHSIOTCS HU B 4YEM,
BKJIIOYAs M NPUMEHEHUE aJMHHUCTPATHUBHBIX MEp MPOTUB CBOMX NPOTUBHUKOB. Ho Bpems,
oTmyuieHHoe ucropuer 3tou «Teopum» mcrexno. IlnornHa penstuBU3Ma, BO3ABUIHYTas Ha IIyTH
pPa3BUTHS €CTECTBO3HAHUS 3aWHTEPECOBAHHBIMU JIMIIAMHU, TPEIIUT TOJ HArnopoM (akTOB U HOBBIX
NPUKIIAJHBIX 3a/1a4, ¥ OHAa HEW30eKHO pyXHEeT. Teopus OTHOCHUTENBbHOCTH DWHIITEHHA oOpeyeHa u
OyneT BBIOpOIIIeHA Ha CBAJIKY B OJvkaiIeM Oyaymem.

Bynem HagesTbCs, 4TO HACTOSALIAA CTaThsg BHECET CBOM IIYCTh M HE3HAYUTEIbHBIA BKIIAJ B
npouecc kpymenust TO u kpaxa pensiTUBU3Ma *.

* «Penamususm [0 OXEroBy| — Memoodonozuyeckas no3uyus, CMOPOHHUKU KOMOpPOU,
adcontomuzupys OMHOCUMENbHOCMb U YCA06HOCHb 6CEX HAWIUX 3HAHUI, CYUMAIOmM
HEBO3MONICHBIM 00bEeKMUGHOE NO3HANUe OelicmeumeibHocmu»???

Mpumepsbl

HQI/IMGQ 1. OHpG[{GHI/ITI) S3HAYCHHUEC OTHOLICHHA CHJI IJJICKTPHUYCCKOIO MW TI'PaBUTAIIMOHHOIO
B3aUMOJICHCTBHS IBYX NPOU3BOJIBLHO BEIOPAHHBIX M HAXOSAIIMXCS B BAKyyMe 00pa3IioB BEIIECTBA.

Pemenue. /11 Havama ompenenyM 3HA4YE€HHE CHJI DJICKTPUYECKOTO M TPABUTALIMOHHOIO
B3aUMOJICHCTBHS IBYX NMPOU3BOJILHO BEIOPAHHBIX aTOMOB, HAIIPHUMED, IBYX aTOMOB MEJIH.

3HaueHHe CHJI AIICKTPUYECKOTO B3aMMOJCHCTBHS ONPEIEIISIETCS C MOMOIIBI0 YPAaBHEHUS 3aKOHA
Kynona:

E = g9-9
“ Areg,ee-r?

3HaueHHe CUJI TPAaBUTALUOHHOIO B3aUMOJACUCTBUS OIpEAENAeTCS C IOMOILBIO YpaBHEHUS
3aKOHAa BCEMHUPHOI'O TATOTCHUA:
m-m

r.2

OTHOIIEHHS 3TEeKTPHUECKUX M TPABUTAIMOHHBIX CWJI, JEHCTBYIOIIMX Ha KaXKABIH aTOM ME.H,

OIPEIETSIETCS C TIOMOIIBIO YPAaBHEHHUS

F.=7

F 2 2

A q - =1,35.10%. 1

F, 4m-g,-€-y-m m
e &=1 — JWOJEKTpUMYECKas MNPOHMIAEMOCTh BakyyMa;, &, = 8,85-107" Kn/(H-m?) -
SNeKTpHUecKas TMOCTOsHHAA, y =6,67-107" H - m?/k2? — TpaBUTAINOHHAS TOCTOSIHHAS, (—

BEJIMYMHA TTOJIOKUTEIIBHOTO 3apsiia OJTHOTO aToMa MEW; M — Macca OJIHOTO aTOMa MEJIU.

B rtabmune Ilepmommueckoii cuctembl xumuueckux dsnemeHToB [I. M. MenaeneeBa wmenb
HaxoauTcd Ha 29 Mecte. DTO O3HAYaeT, YTO SAAPO aTOMa MEAU COAEPKHUT 29 MPOTOHOB, MOITOMY
MOJIOKUTEIBHBIN 3apsi/i OJTHOTO aTOMa MEIU PaBeH CyMMapHOMY 3apsay 29 mpoTOHOB. 3apsij 0JIHOTO
npotoHa paser 1,6-107"° K, cienosarensro, =29-1,6-10"°=4,64-10"°Kx.

B Ttabmumne Ilepmomnyeckoid CHUCTEMBl XHMHYECKHX DJJIEMEHTOB [UISI KaXJOTO DSJIEMEHTa
MPUBOJUTCS 3HAUEHUE MACChl aTOMa, BBIPAKEHHOE B OTHOCUTEIBHBIX ATOMHBIX €JIMHHUIIAX MACCHI.
YMHOXUB OTHOCHTEIBHYIO MacCy aToMa Ha OJHY aTOMHYIO €IWHHUILY Macchl (a@. e. m.), TIOIyIuM
aOCOJIIOTHOE 3HAYEHHME MacChl aToMa — Maccy aroMa m, BBIPAKEHHYID B KHWJIOTpaMMax.

OrHOcHTeNbHAsT Macca aToMa Meau 63,55, a la.e.m.=1,66-10"""kz, ciemoBaTenbHO, Macca aToMa
MeJ1, BEIpaKEHHAs B Kujgorpammax: m = 63,55-1,66- 1072" =1,055-10%ke.
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HMeroTcst Bce JaHHBIE, ITO3BOJISIOIINE ONPEACIIUT 3HAYCHUE OTHOLICHUS Fq / F,:
F, _1,35-10%-(4,64-107)*
F (1,055-107%)?

m

=2,62-10%

B kaxnom atome coaep)karcsi [1Ba pPaBHOBEIMKUX PA3HOMMEHHBIX JJIEKTPUYECKHX 3apsfa.
CnenoBarenbHO, B COOTBETCTBUE C MPUHIMIIOM CYNEPIO3ULIMM JBa aToOMa MeEAM IpH HX
B3aUMOJICHCTBUM HAXOAATCS O] BJIUSHUEM JIByX B3aUMHO YPAaBHOBELICHHBIX JIEKTPUUYECKUX CHII,
3HAYEHMS KOTOPBIX B 2,62-10% pa3 mpeBbIaOT 3HAYEHNS TPABUTAIIUOHHBIX CHIL.

MGI[B — 9TO IMMPOM3BOJIBHO BbIGpaHHBIﬁ XUMHYSCKHI 9JICMCHT, HO MOKHO OIPCACINTH 3HAYCHUC
OTHOIICHHUA OJJICKTPUYCCKUX MW TI'paBUTAlMOHHBIX CHII, HeﬁCTBYIOHIHX Ha aToMbl BCEX H3BCCTHBIX

XUMUYECKUX DJIEMEHTOB. 3HAYCHHE OTHOIIEHHS cuil F, / F. s renus pasHo 3,13-10%°, u no mepe

YBCIMYCHUA TIOPAAKOBOr0O HOMCpa XUMHUYCCKOIO0 JJICMCHTA 3TO 3HAYCHUC YMCHBIIACTCA. I[JISI
OJICMCHTOB PacCIlOJIOKCHHBIX B KOHIEC nepﬂoz[nquKoﬁ Ta6J'II/IHBI BCJIIMYMHA OTHOLICHUSA Fq/Fm

OKa3bIBaeTCs 0JM3KoM 3Hauenuio 2-10% u Tonbko s BOJIOpOJIA Fq / F.=123- 10%¢,
JIroboe BEIIECTBO COCTOMT M3 OIPENECICHHOr0 Habopa aTOMOB, 3apsj M Macca KOTOPBIX
35
OCTAIOTCS HEM3MEHHBIMH, TIOITOMY M OTHOmeHue F, / F,, >10" Gyner cmpaBeminBa HE TOJBKO B

OTHOILLIEHHUHU JIBYX KaKUX-THOO aTOMOB, HO U B OTHOILLIEHHH JBYX IPOM3BOJIBHO BBIOPAHHBIX 00pa3LOB
BEILIECTBA.

IIpumep 2. Omnpenenutb, B KAaKUX OTHOIIECHUSAX Yy IIOBEPXHOCTHM 3€MIIM HAXOAATCA
HaIpsDKEHHOCTH AJIEKTPUYECKUX IOJIeH, NMpUHAANeXalux BeuiecTBy 3emiau u JIyHbl, a Tak xe
BemiectBy 3emuu u Connna?

Pemienue. MOXHO IONBITATBCS ONPEACIUTh BEIMYHHY IIOJOKUTEIBHOIO U OTPHULIATEIIBHOIO
3apsijia, KOTOphlii conepxkutcs B oobeme 3emiu, ConHua u JIyHbI, a 3aTeM OINpeaesuTh 3HAUYEHUS
HaIIpSHKEHHOCTEN COOTBETCTBYIOLIUX JJIEKTPUYECKUX IIOJIEM M MHTEPECYIOIIUX HAac oTHowmeHud. Ho
MBI BOCIIOJIb3YEMCsI MEHEE TOUHBIM, HO 00JIe€ TPOCTHIM METOJIOM.

CHayasnia  ompeneluM  3HAUE€HUE  OTHOIIEHUS  HANpPSDKEHHOCTEW  COOTBETCTBYIOIIMX
I'PaBUTALMOHHBIX IOJIEH. 3HAYEHHE HANPsYKEHHOCTH TIPAaBUTALMOHHOIO IIOJISI ONpENENseTcs ¢
ITOMOIIBIO CIIEYIOLIErO YPaBHEHUS

_.m
g=v P
HCHOHBSYSI 3TO ypaBHeHI/IC, MO>XKHO COCTAaBUThH BI)Ipa)KeHI/Iﬂ, C ITIOMOIIIBIO KOTOpI)IX OHpG}I@J’IfIIOTC?I
OTHOIICHUS HaHpHH(CHHOCTeﬁ rpaBUTAallHOHHBIX oJIEN 3CMJ'II/I g3 u .HYHBI gﬂ .

9; _ M-y

- 2

Or My-hs

a tak ke 3emnu ¢; n Connna g :
2

9 _Ms-Fe

- 2

Gc Me-ly

Ine m,=5,98-10" k2 — macca 3emnu; m,=199-10"k2 — macca Connua; m, =7,35-10"ke
macca Jlynsr; r,=6,37-10°M — cpenHee paccTosHME MEXIy: TOBEPXHOCTHIO 3€MIHM M LIEHTPOM
3emmn; I, =3,84-10°u — cpennee paccrosaue Mexay 3emseit u Jlynoit; r, =1,5-10"m — cpennee

paccrosinue Mexay 3emieid u ConHIEeM.
OTHOLIEHNE HANpPsSHKEHHOCTEW TpaBUTALMOHHBIX mojed 3emuu U JIyHbI, ompeneneHHoe s
TOUYEK PACIOJIOKEHHBIX Y IOBEPXHOCTH 3€MJIM, UMEET CIEAYIOIIEe 3HAUCHHE:

24 812
g, _598 1o22 (3,84 106)2 205 663
g, 7,35-10%.(6,37-10°%)

OtHomeHue HaHpﬂ)KeHHOCTCﬁ T'paBUTAIMOHHBIX mojie 3eMim u COJ'IHI_Ia, OMpCACIICHHOC JIA
TOYCK PACIOJIOKECHHBIX Y MOBEPXHOCTHU 3eMJ'II/I, HMECT CIICAYIONIECC 3HAYCHHUC!
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g, 5,98-10*.(1,5-10")°
= 30 s = 1667
g 199-10"-(6,37-10°)

Jlannble mpuMepa 1 cBHAETENBCTBYIOT O TOM, YTO M Macca o0Opaslia BelecTBa, W BEIWYHMHA
COJZIepIKAILIETOCs B HEM AJIEKTPHUUECKOTO 3apsja, HAXOIATCS B MPSMON 3aBHCHMOCTH OT KOJIMYECTBA
aTOMOB, BXOJAIIMX B cocTaB BemiecTBa. ClieoBaTenbHO, 3HAYCHHUE OTHOLICHUS HANpPSDKEHHOCTEH
IPAaBUTALIMOHHBIX MOJIEH NPUOJIM3UTENFHO PpaBHBl  3HAYCHHWSIM  AQHAJOTMYHBIX  OTHOUICHUH
HAINpPSDKEHHOCTEH AJIEKTPUYECKUX mosed. To ecTh HapsHKEHHOCTh AJIEKTPUYECKOro MO, KOTOPOe
c(OPMHPOBAHO Y MOBEPXHOCTU 3€MJIM OJHMMHU TOJBKO TOJOKUTEIBHBIMU 3apsiiaMd WM OJHUMH
TOJBKO OTPHULATEIbHBIMU 3apsAaMH, COJICPKAIIMMHUCS B JYHHOM M COJHEYHOM BEIIECTBE
npubmmsurensio B 296 000 m 1670 pa3 MeHblIIe HANPSHKEHHOCTH DJIEKTPUYECKOTO  IIOJIA,
cOpMHUPOBAHHOTO 3apsAaMH, BXOISAIINMH B COCTaB 3¢MHOT'O BEILIECTBA.

IIpumep 3. KakoMy Becy COOTBETCTBYET CHJIA, ACUCTBYIOIIAs Ha KaKJbIH M3 IBYX TOUYCYHBIX,
HaXOJAIIUXCS B BakyyMme (& =1), 3JeKTpHUYECKUX 3aps/IOB, €CIIM UX pa3/IeiisieT PAaCCTOSIHUE PaBHOE

ogHOMy MeTpy (I =1.u), a 3HaUEHHE Ka)XI0T0 3apsiia paBHO ofHOMY Kysony (g, =(, =1 Ku)?

Pemenue. 3HaucHue cusl, pasaoe 9-10° H | SIBIISIETCS. UCXOJIHBIM TIPH OTPE/IENICHUN 3HAYEHHS
JIEKTPUUYECKON MMOCTOSTHHOM, M 3TO 3HAUCHHE PABHO CHJIaM, JCHCTBYIOIIUM Ha pacCMaTpPHBAaEcMbIC B
HACTOSIIEM MpUMeEpe 3apsabl. TO €CTh OTBET Ha MOCTABJICHHBIA BOIPOC YK€ T'OTOB, HO 3TOT OTBET
MOJKHO TIOJIYYHTb U C ITOMOIIBIO ypaBHEHHS 3akoHa KyroHa:

F = 0. -G,
Ar-g,-£-1°
rae &, =8,85-107 Kn?/(H - M*) — anekTpuueckas OCTOSHHAS, CIEI0BATEIBHO,
1
F= T o o Anli2
47-8,85-10
3Ha4YeHUE TOJTYYCHHOW CHIIBI MOKHO CPaBHUTH C BECOM IKEJIC3HOJIOPOIKHOTO COCTaBa, BhIPA3UB
3ToT Bec B ToHHaX. OnuH HpoTOH paBeH 0,102 xumorpamma, a 1000 kwmiorpaMMoB paBHO 00HOU
monmne, cnenposarensuo, 9-10°-0,102 =918 000 000 xI" =918 000 7 .

OnuH TOBapHBIM >KENE3HOJOPOKHBIA BaroH OOIIEro Ha3HA4YeHWs], AJTUHA KOTOpOro paBHa 15
MetpoB, a Bec 20 TOHH, paccuuTaH Ha TmepeBo3ky 60-Tm ToHH Tpy3a. CremoBaTeNbHO,
KEIIe3HOJOPOKHBIM  COCTaB, COCTOSIIMHA ©3 75 BaroHoB, Oyaer oO0nazaTe OOMIMM BECOM
(20+60)75=6000 TonH 1 oOmeit mHOU 15-75=1125 meTpoB.

Paznenus 918000 ToHH Ha BeC OJHOTO >KEIE3HOJOPOKHOTO COCTaBa, MOTYYUM KOJIUYECTBO
COCTaBOB, CYMMAapHbIil BEC KOTOPBIX PaBEH CHJIC, NEUCTBYIOIIECH HAa KaXIbId W3 pacCMaTPUBAEMBIX
3apsmoB: 918 000/6000 = 153. CriemoBarenibHO, HAa KaXKIbI W3 JBYX TOYEYHBIX DIEKTPHUSCKHX

=9.10° H

3apsA70B BEIMYMHOM OJWH KYJIOH, HaxXOJSIIMXCS Ha PacCTOSHUU OAHOIO METpa ApPYr OT Apyra,
JeHCTByeT cuia mpesblmaromas Bec 150 moaHOCTRIO 3arpyKeHHBIX KEJIe3HOAOPOKHBIX COCTABOB, U
JUTMHA Ka)KJ0r0 TAKOI'0 COCTaBa 00JIe 0JTHOTO KUIIOMETpa.

IIpumep 4. OrmnpenenuTb BEIUYMHY [OJIOKUTEIBHOTO U BEIWYMHY OTPULIATEIHHOIO
JIEKTPUUECKOTO 3apsijia, COAEPIKAIIErocs: B OAHOM KyOMUeCKOM CaHTUMETPE MEJIH.

Pemenne. Bennunna MoJOKUTENLHOTO 3JEKTpUYECKOro 3apsaaa Q, copepskarerocs B 1w’
MEIH, OIPEIEIISIETCs C TOMOIIBIO YPaBHEHHUSI
Q=Ngq
rme N — KOJHYECTBO aTOMOB, cojepikarieecs B 1cu® Menu; ( — BEIMUMHA TIOTOKHUTENLHOTO 3apsaaa
OJIHOT'O aToMa MEJIH.
KomaectBo atomoB N , Haxomsmuxcs B 1eu® Memum, onpeiensiercsi ¢ OMOIIBIO yPaBHEHHUS

rme M —macca 1cm® Memu; m — Macca OHOTO aToMa MeJIH.
Macca menn, comepxkameiics B lem® (mwiotHocts Memn), pasra 0,00896 kz/em®, a macca

OJTHOTO aTOMa MeJIM onpesiesiena B npumepe 1: m =1,055-107°ke , ceoBaTensHo,
17



_0,00896
1,055-107*°
Ilomy4eHHBI PE3yJBTAT COOTBETCTBYET TEM, NPUBOAMMBIM B JIMTEPATYpPE AAHHBIMHM, YTO 6

=8,5-10%

00HOM Kybuueckom canmumempe 1106020 memanna cooeprucumes (102 +10%%) amomos.

BenmnunHa MOIOXKHUTENBHOTO 3apsia OAHOro atoma menu (=4,64- 108 Kn (ompeneneHo B
npumepe 1), ciieoBaTeaIbHO, BEIMYUHA HCKOMOTO MTOJI0KUTEIILHOTO 3apsa;
Q=28,5-10%*-4,64-107"* =394 400 Kn
KonuyecTBo conepkamuxcs B aToMe MPOTOHOB PAaBHO KOJIMYECTBY JIEKTPOHOB, CIIEIOBATEIBHO,
YUCJICHHBIC 3HAYCHHUsI CYMMapHOTO IIOJOKHTEIBHOIO W CYMMapHOTO OTPHIIATEILHOTO 3aps/IoB,
comepxamuxcsa B 1en® Memu, OymyT HMETh OIMHAKOBBIE YHCIICHHBIE 3HaueHus, pasHble 394 400 Ko .
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