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BBenenue

B crartbe 00 3¢upe ucnonb3yercs eAMHCTBEHHAs He3aMbIclioBaTast (opMyJia, 3aMMCTBOBaHHAS U3
IIKOJIBHOI0 Y4eOHMKA (PU3HUKH, IOATOMY JUIsl 3HAKOMCTBA € CO/IEP KAHUEM CTaThbH, JOCTATOYHO 3HAHUH,
MOJIyYeHHBIX B 00meo0pa3oBaTensHol mKoie. [1oJo0HbIe M0 CIOKHOCTH CTaTbU MOXKHO BCTPETHTDH B
TaKUX HAy4HO-IIOMYJIAPHBIX KypHasaX, kak «Hayka u >xu3Hb» win «Texnuka mononexu». Koe-rae B
CTaThe MPHUBOAATCA BECbMa IMOJPOOHBIC PA3BACHEHMs, KOTOpBIC MENAIOT CTAThIO JOCTYMHOH st
IOHUMAaHHUs €€ CYTH Jja’ke MPOCThIM, a HE TOJIBKO MPEYCIEBAIOIIUM IIKOJIbHUKAM, [I03TOMY €CIIH KOMY-
TO OTH Pa3bsCHEHUS TMOKAKYTCA W3JIUIIHUMH TPOCTPAaHHBIMH, TO HE 00eCCyIpTe, CTaThs
npeHa3HayaeTcs A IUPOKOro Kpyra YuTaTeliel.

K crarpe npuiaraercs 4eTbipe npumMepa, KOTOpPbIE CIIOCOOEH PEHIUTS JIF0OOH CTapIIEKIACCHUK CO
cpeaHel ero ycrneBaeMocThio. [Ipumepsl paccunTanbl Ha 0000 JH0003HATENBHBIX YUTATENEN, KOTOPbIE
CaMH TIOXKENAroT yOeAWThCS B JAOCTOBEPHOCTH MPUBOIUMBIX B cTaThe IU(p. OMHAKO pe3yabTaThl
pelLIeHHs IPUMEPOB TIIATENBHO POBEPEHBI, U B JJOCTOBEPHOCTH MPUBOJUMBIX B CTaThe LU(DP MOKHO
HE COMHEBATbhCSI, IO3TOMY IIPU 3HAKOMCTBE C COJEP’KaHUEM CTaThU MpHIIaraéMble IPUMEPHI MOKHO U
HE paccMarpuBaTh, a O3HAKOMUTHCS C MPUMEPAMHU, €CIIM MOSIBUTCS TaKOe XKeJlaHHE, MOKHO U I10CIIe
IPOYTEHUSI CTAThbU. XOTsl, KKl BOJIEH B CBOEM BbIOOpE — €CJIM KTO-TO MOKEIA€T 0O3HAKOMHUTHCS C
IpUMepaMu Iepesl HayajloM MPOYTEHUs CTaTbU WIK B MPOLIECCE MPOUYTEHUS CTaTbU, TO 3TO €ro MPaBo.
IIpumepsl pa3MeIIeHbl B KOHIIE 3TOM CTaThHU.

Hauunas ¢ 1881 roga, amepukanckue yuenole A. MaiikenbcoH u . Mopnu, a B IOCIIEICTBUE U
NpYTrUe€ HCCIIENOBATENM MPOBOJIMINA OIBITHI, IEIBI0 KOTOPBIX OBUIO OOHApYXEHHE Cpeabl
pacrpoCTpaHEHUs] IEKTPOMAarHUTHBIX BOJH. Cpely paclnpoCTpaHEHHs 3JIEKTPOMATHUTHBIX BOJIH
OOHapyXHUTh HE YJaJlOCh, U 3TO IOCIY)XMJIO IMOBOJOM JUIsl TEOPETHYECKHX pa3pabOTOK, KOTOpPHIE,
BCTyHasi B MPOTHBOPEYMS C KJIACCHUECKUMH 3aKOHAMHM (U3HMKHM, M3MEHSJIM CYIIECTBOBABILNE
MPEJICTABICHUSI O MHOTMX Ha0JII0/Ia€MBIX B IPUPOJIE SIBICHUSIX.

B 1905 rony A. Diinmreitn o6HapogoBan CrenuanbHyI0 TEOPUIO OTHOCHTEIBHOCTH, B OCHOBY
KOTOPOM OBLIIM MTOJIOKEHBI TOCTYNAThI, CYTh, OTHOTO U3 KOTOPHIX COCTOUT B TOM, UTO CKOPOCHb céemad,
mo ecmb CKOpOCHb IIEKMPOMAZHUMHBIX 60JIH, PACHPOCHPAHAIOWUXCA 6 6aKyyme, umeem
00UHAKO0GOE 3HAYEHUE 60 6CEX 603MONCHBIX UHEPUUATbHBIX cucmemax omcuema. I1pu 3ToM enanach
OTFOBOpKA, YTO BaKyyM JOJDKEH CUMUTaTbCS HUYEM HE 3aIlOJIHEHHBIM (IIyCTBIM) INPOCTPAHCTBOM.
CnenoBarenbHO, B COOTBETCTBHE CO CJIEJIAaHHOM OrOBOPKOH, 3JIEKTPOMArHUTHBIE BOJIHBI, B OTJINYUE OT
BCSAKHMX JIPYTMX BOJIH, PaCIPOCTPaHSIOTCS BHE BCAKOW cpenbl. OQHAKO He 0bl1o Obl OCHOGAHUI 0N
COMHEHUIl 6 UCMUHHOCMU K1ACCUYeCKUX 3aKOH06 usuku u 014 noaenenus Teopuu
OMHOCUmMENbHOCU, eclU Obl YOANOCh GblAGUMb CPEOY, GO3MYUIEHUS KOMOPOU NPUHUMAIOM BUO
PAacnpocmpaHAoOwuxcs 31eKmpoMacHUMHbIX 60IH, d MAKAA CPeda Cyuiecmeyem, u é c60e 6pems Imy

cpedy naszeanu Igpupom.

§1. DaekTpuueckoe nmoje, NpUHaAJIeKaLIee JIEKTPUIECKHU
HEUTPAIBLHOMY BellleCTBY

[Ipu B3aMHOM HaJIO)KCHUHM HECKOJIBKUX JJIEKTPUUYCCKUX TOJIeH (TIpU COBMEIIEHNN HECKOJIbKHUX
AIIEKTPUUYECKUX TIOJeH) (QOpMHUpYETCs pesyavmupyrouiee rieKmpuyeckoe none, 3HAYCHUE
HaIpPSHKEHHOCTH KOTOPOTO B JIIOOOW €ro TOYKE paBHO TEOMETPUYECKON (BEKTOPHOM) CymMMe
HaIpPsKEHHOCTEH BCEX B3aMMHO HAKJIAJbIBAEMBIX IOJIEH — TAKOB MPOBEPEHHBIN TEOpUEN U MPAKTUKON
HPUHUUR CYNREPROZUUUL.
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DOnekTpuyueckas HANpsHKEHHOCTh — OSTO CHIJIOBas XapaKTEepPUCTHUKA AJIEKTPUYECKOTO IOJIA.
CrnenoBaTenbHO, TP CYMMHUPOBAHUU HAMPSIKEHHOCTEH HECKOJBKUX 3JEKTPUUYECKUX TMOJEH TOJKHBI
coOnrofaTbcsi MpaBHJia CYMMHUpPOBaHUS BEKTOPHBIX BenuuuH. [lpu cymMMupoBaHuu, Hampumep,
HECKOJbKMX MEXaHUYECKHUX CUJI OMPEEISETCS BEKTOP PE3YIbTUPYIONIECH CUIIbI, @ BEKTOPHI CIaraéMbIx
CHJI COXPaHSIOT IpPU 1TOM HEHW3MEHHBIMH CBOM 3HaueHus. To ke camMoe MNPOUCXOAUT U TpHU
CYMMUPOBAHUHU HECKOJIBKUX BEKTOPOB AJICKTPUUECKOMN HAIMPSKEHHOCTH, B 3TOM CIIydae ONpeAeIsieTCs
BEKTOP PE3YJIbTUPYIOIICH AJIEKTPUYECKON HANpsSIKEHHOCTH, a 3HAYCHHsS] CyMMHPYEMBIX BEKTOPOB
OCTalOTCSl HEU3MEHHBIMU.

Ecnu HanmpspKeHHOCTH HAKJIaJbIBAEMbIX 3JICKTPUUECKUX MOJIEH OCTal0TCsS HEM3MEHHBIMH, a Kak
pa3 ATO U MPOUCXOJIUT MPU B3aUMHOM HAJIOKEHUHU HECKOJIBKUX 3JIEKTPUUECKUX IMOJIEH, TO U TapaMeTpbl
HAKJIaJbIBaEMBIX TOJIEl OcTaroTcs Heu3MeHHbIMU. (CIenoBaTeNbHO, MPU B3aMMHOM HAJIOXKEHUU
HECKOJIBKUX DJIEKTPUYECKHX TMOoJIeH (opMupyeTcs pe3ylbTUPYIOIIee 3JIEKTPUYECKOe IIoje, a BCe
HAKJIa/IbIBAEMbI€ I0JIS HE MIPETEPIIEBAIOT MIPU 3TOM HUKAKUX U3MEHEHHi. B cBs3u ¢ 3TUM HEOOX0AUMO
OTMETUTh, YTO B DJJIEKTPUUECKH HEUTPATBLHOM TeEJI€ COACPIKATCSA JBAa PABHOBEIMKUX IO CBOEMY
a0COIOTHOMY YHCIIEHHOMY 3HAQUE€HUIO Pa3HOMMEHHBIX DJIEKTPHUUECKUX 3apsa, KOTOPHIE COCTOST U3
MHOKECTBA PAHOUMEHHBIX IJIEMEHMAPHBIX DIIEKTPUUYECKUX 3apsAloB. OJEMEHTapHbIE 3apsiibl
PaBHOMEPHO IepeMellIaHbl MeXKAy co000i 1 paBHOMEPHO pacIpeieNieHbl B 00beMe HEHTpaIbHOro Tena,
MOATOMY MOJTy4aeTCs TaK, YTO JBA PABHOBEIMKUX PAa3HOMMEHHBIX 3apsijia COBMEIICHHI B OJTHOM 00beMe
— 3TO PaBHOCUJIBHO TOMY, UTO JIBa TOUYECYHBIX PA3HOUMEHHBIX PABHOBEIHUKHUX 3apsiia HAXOATCS B OTHOM
TOYKE. DJIEKTPUUECKHUE TOJI 3TUX 3aPsA0B allPHOPU COBMEIIEHBI (TO, YTO MIPOTOHBI COCPEOTOUYECHBI B
AIpax aTOMOB, a AIEKTPOHBI PACCPEIOTOYCHBI HA AIEKTPOHHBIX OPOUTAX KaKJOTO aTOMa, HE OKAa3bIBAeT
BIIMSHUS HA KOHEYHBIA PE3YJIbTAT), MOITOMY HAIPSKEHHOCTh PE3YJIbTUPYIOMIETO 3JIEKTPHUECKOTO
MOJIs1, TIPUHAIICKAIIETO HEHTPaTbHOMY TENy, UMEET HYJIEBOE 3HAaYCHHE BO BCEX BO3MOXKHBIX TOUKAX
MIPOCTPAHCTBA. ITO HE MPOTUBOPEUUT TOMY, YTO OJTHOBPEMEHHO C PE3YyJIbTUPYIOIIMM TOJIEM, KOTOPOE
MPUHAJICKUT DJIEKTPUYECKH HEUTpaTbHOMY BEILECTBY, MPOJOJDKAIOT CYIIECTBOBATh M JIBAa IOJS,
MpUHAJIeKAITUE ABYM PAa3HOUMEHHBIM 3apsiiaM.

[IpocTpaHcTBO, B KaKOM-TO €r0 00bEeMe, MOKHO M30aBUTH OT BEIIECTBEHHOW COCTABIISIOIICH
MaTepuu, IOCJIE€ Yero HTOT OOBEM MPOCTPAHCTBA HEOOXOJUMO CYHTATh BAaKyyMOM, OJHAKO
MPOCTPAHCTBO HEOTAECTUMO OT MaTepUU CUJIOBBIX Mosied. HeBO3MOXKHO OOHApYyX HUTh WM CO3ATh
IIPOCTPAHCTBO, M30aBJIEHHOE OT MaTepUaIbHOrO, MO CYTH CBOEW, I'pPaBUTALMOHHOIO MOJISI, KOTOPOE
NPUHAUIEKAT CyMMapHOM Macce Bcero wumeromerocs Bo Bceenennoir BemiectBa. I[lomumo
rPaBUTALlMOHHOIO  TOJI, HEOThEMJIEMOM COCTaBISIOUIEH JII00Oro MPOCTPAHCTBA  SIBISIETCS
PE3YNBTUPYIOILIEE DJIEKTPUUECKOE TOJIe, MPUHAICKAIEE BCEM BJIEMEHTAPHBIM AJIEKTPUUYECKUM
3apsiiaMH, KOTOpbIe UMEIOTCsl B Tipupojie. CrneaoBaTesibHO, DUHINTEHH OIIMOAICs, KOTJa YTBEPKIa,
YTO BaKyyM — 3TO HMUEM He 3al0JHEHHOE (IyCTOe) MPOCTPAHCTBO.

MoOKHO TPETONIOKUTh, YTO MAPAMETPHI JIEKTPUUECKOTO OIS, TPUHAICKAIIETO KaKOMY-JIH00
DIIEKTPOHY, HM3MEHWIHCh IO/ BIUSHUEM BHEMIHUX (aKTOpoB. B 3TOM ciiydae »IIEKTPOH, Kak
JJIEMEHTapHas 4YacTHlla, HEU30€KHO NPEeKpallaeT CBOE CYIIECTBOBAaHME, a BMECTO DJIEKTPOHA
MOSIBIISIETCA pyrasi 4acTUIa, KOTOpask OTJIIMYAETCS OT 3JIEKTPOHA TEM, UTO apaMETPhl AJIEKTPUUIECKOTO
TOJIsI, TPUHAJICIKAIIETO BHOBD MOSBUBIIICHCS YACTHUIIE, HE COBIIAAIOT C TApaMETPaMH JIEKTPHUIECKOTO
noJist anekTpoHa. CienoBaTeabHO, TapaMeTPhl AJEKTPUUECKOTO 3apsi/ia,  COOTBETCTBEHHO U TapaMeTPhl
AIIEKTPUYECKOTO TOJIs, MPUHAJUIEKAIIEr0 JTOOMY 3JEKTPOHY WM MPOTOHY, BCErJa OCTAIOTCS
HEU3MEHHBIMH U HUKOMM 00pa30M HeE 3aBUCAT OT BHEIIHUX YCIOBHIA.

JIro0oit 57IEeKTPOH WM TIPOTOH MOXKET HAXOJUTHCS B YEAMHEHHOM COCTOSHUH, MOXET OBITh
COCTaBHOM YacCThIO0 M30BITOYHOTO AIIEKTPUYECKOTO 3apsifa, a MOKET BXOJUTh B COCTAaB IEKTPHUECKU
HEUTpaJIbHOTO TEJa, ¥ BO BCEX CIy4asX MapaMeTphl JEKTPUUECKOro MoJisl, IPUHAJIEKAIIETO JTI000MY
AIIEKTPOHY WJIM MPOTOHY, OyAyT OcTaBaThCs HeM3MeHHBIMH. CleI0BaTENbHO, DIEKTPHUUECKHUE MO,
KOTOpBIE TPUHAIICKAT OTJEITBHBIM 3JIEMEHTAPHBIM 3apsiaM, COACPKATUMCS B COCTaBE MIEKTPUIECCKU
HEUTPaIbHOTO BEIIECTBA, TPU UX B3aHMHOM HAJIOXKEHUU POPMHUPYIOT Pe3yIbTUPYIOIIEE JIEKTPUIECKOE
moJie, MpUHAIJIeKAIIee HEHTPATbHOMY BEIIECTBY M COCTOSIIEE U3 IBYX B3aUMHO CKOMIIEHCUPOBAHHBIX,
HO OTHIOJb HE B3aMMHO YHMUTO)XEHHBIX 3JIEKTPUYECKUX Moie. OAHO U3 3TUX MOJEH MPUHAIICKUT
BCEM TIOJIOKHUTEIBHBIM JJIEMEHTApPHBIM 3apsaaMu (TIPOTOHAM), KOTOpPBIE CoOIepKaTcsi B 00BeMe
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3JIEKTPUYECKH HEUTPAIBHOTO BEIIECTBA, & BTOPOE IOJI€ MPUHAAJICKUT BCEM OTPULIATENIBHBIM 3apsaam
(97eKTpoHAaM), HAXOISAIIMMHUCS B TOM K€ 00pasiie BEImecTBa.

U3 nannbix npumepa 1 cienyert, uto oOpasel] AIeKTPUYECKU HEUTPaTIbHOTO BEIIECTBA, KOTOPBII
pacrnoyiaraeTcsi B IPOU3BOJIbHO BBIOpaHHOM MecTe BceneHHONW HM HaxoIuTcs MOJA JACHCTBHUEM
PE3YNbTUPYIOLIEH TPAaBUTALIMOHHOM CUJIbl PAaBHOU OOHOMY HbIOMOHY, OJHOBPEMEHHO IOABEPKEH
JEUCTBUIO JIBYX PaBHOBEIMKHUX IPOTHUBOMOJIOKHO HAMPABJICHHBIX (B3aUMHO YpPaBHOBEIICHHBIX)
SIEKTPUYECKUX CHII, 3HaUYEHUs KOTOPhIX He Menee 10%° upromon. CnenoBarensHo, Mo60e Teno, Mo6oi
oOpaser| BemlecTBa, 000N OBITOBOM mpeaMer o0JanaeT ABYMS B3aUMHO CKOMIICHCHUPOBAHHBIMH
3JIEKTPUYECKUMH IOJISIMU, U 3HAYEHUE HAIIPSKEHHOCTH Ka)X10r0 U3 3TUX MOJIEH OIPOMHBI.

B nacrosieit cratbe mpuBEACHBI 10Ka3aTENBCTBA TOTO, YTO 2IEKMPUUECKUM 3aPA0aM, KOMOpble
cooepoicamcs. 8 INEKMPUUEeCKU HeumpaibHoll COCMABIAIOUCH 6Ce20 BCEICHCKO20 8eujecmed,
NPUHAONIEHCUM DNIEKMPUYECcKoe noje, AGNAIoueecs cpeoou pacnpoCmpaHenus 31eKmpOoMaASHUMHbIX
BOJIH.

B nanbHeliem oanekmpuueckoe none, npunaonexcaujee momy UAU UHOMY INeKMPUHUECKU
HelmpanibHOMy 00pasyy eewjecmaa, Oyoem Ha3vl8amvCs HEHMPAIbHbIM 1EKMPUYECKUM NOJIeM UlU
bonee Kpamko — HeUmMpPAIbHLIM noaem. OJlekmpuueckoe noie, Gopmupyemoe 31eKMpUYecKu
HeUmMpaibHol cocmasnawell ece2o umerujeocs 60 Bcenennotl eewecmea, 6yoem HA3b16aMbCs
6CeNIeHCKUM HeUMpaibHblM INEKMPUUECKUM NOIEM, UlU KPAMKO — 6CEJICHCKUM noJiem. BeeneHckoe
HEUTpaIbHOE SJIEKTPUUECKOE TOJE — 3TO U €CTh TOT 3(Hp, MOMCKAMH KOTOPOTO 3aHUMAIUCH
MaiikenbcoH 1 Mopiu, HO TIOKa 3TO HE JI0Ka3aHO YKa3aHHOE ToJie OyAeT Ha3bIBaThCs HE dPupom, a
BCEJICHCKHUM IOJIEM.

§2. BzaumoaeiicTBue HEMTPAJIBLHOI0 JIEKTPUUYECKOIO OIS €
3JIEKTPOMATHUTHBIMM BOJIHAMU

PaGoTta ycTpoHCTB paauocBs3M SBISETCA HKCHEPUMEHTAIbHBIM IOJTBEPXKJIEHHE TOr0, YTO B
IIPOLIECCE PACIPOCTPAHECHMS HJIEKTPOMATHUTHBIX BOJIH IPOUCXOJAT HENPEPBIBHBIE BO3MYILECHUS
BCEJICHCKOT'O HEUTPAIBLHOTO IOJIA.

Bynyuu 351eKTpHYeCKU HEUTPAIbHBIM TEJIOM, aHTEHHA PAJIHOIIEPEAAIOIIETO YCTPOUCTBA, B CIydae
IIPOTEKAHUs B €€ TOKOIIPOBOIALLEH LIETIH IEPEMEHHOI0 DJIEKTPUYECKOT0 TOKA, U3JIydaeT paJuOCUTHAIL.
IIpn nmpoTexkaHMM NEPEMEHHOIO0 TOKAa Ha IPOTUBOIIOJIOKHBIX CTOPOHAX AHTEHHBI HAKAILJIMBAIOTCS
N30BITOYHBIE PA3HOMMEHHBIE SJIEKTPUYECKHE 3aps/Ibl, BEIMUUHA U MOJSPHOCTh KOTOPBIX HEMPEPHIBHO
MU3MEHSETCS C MEPUOANYHOCTBIO, PABHOM YaCTOTE TEKYILETO B AaHTEHHE IIEPEMEHHOIO TOKA, TO €CTh C
HNEPUOJIMYHOCTBIO PaBHOM YacTOTE U3IYy4aeMOro AaHTEHHOM curHaia. V30bITOuHbIE 3apsibl,
HAKaIlJIMBasCh B TOKOIIPOBOAAIIEH IENU aHTEHHBI, POPMUPYIOT PE3YJIbTUPYIOIIEE FTEKTPUUECKOE MOJIE,
HANpPsDKEHHOCTh KOTOPOTO HMMEET ONpeesIeHHOe (HEe paBHOE HYJ0) 3HaueHue. Pesynbrupyroiiee
IEpEMEHHOE JJIEKTpUUYECKoe TMose, (GopMHupyeMoe H30bITOYHBIMHU 3apsjaMH, — 3TO U €CTb TO
IIEPBOHAYAJIBHOE BO3MYIIEHHE, KOTOPOE BIIOCIEACTBUM IPUHHUMAET BHJ PACIPOCTPAHSIIOLIUXCS
AIIEKTPOMArHUTHBIX BOJH (DM BOJIH).

N30bITOuHbBIE 3apsibl, KOTOPbIE HAKAIJIUBAIOTCA B paJMOINEpeNalolleil aHTeHHE B Ipoliecce
IPOTEKaHUs B €€ LEeNM I[EPEMEHHOrO0 TOKA, OKAa3bIBACTCA HE TOJBKO pPa3sHOMMEHHBIMH, HO U
PaBHOBEJIIMKMMHM TI0 CBOEMY aOCOIIOTHOMY 3HAU€HUIO, I[I03TOMY HM3HAYAJIbHO DJIEKTPUYECKH
HelTpalbHas aHTEHHa M MpH M3IYyYECHUHM pPaJUOCUTHAJa OCTaeTcs, B OOIEM 00beMe CBOEM,
ANEKTPUYECKH HEUTpaNbHBIM TesloM. CIelI0BaTENbHO, 6 paduonepeoarouieli aHmenHe U3nyiaemolii
cuzHan popmupyemcsa ¢ pe3yivmanie 603MYULeHUN HEUMPAIbHO20 NOA, NPUHAONEIHCAULES0 IMOTL
aHmenHe.

MosxHO mpeanonaraTb, 4TO BO3MYILEHHS HEUTPAIBbHOIO MO, SBISIOLIMECS pPE3YyIbTaTOM
MPOTEKaHUs MEPEMEHHOI0 TOKa B LIEMH U3Ty4arolleld aHTEHHBI, — 3TO BCETO JIUIIb HCXOHOE COOBITHE,
HeoOxoauMoe A 3aposkaeHuss DM BOJIH, caM ke Mpolecc pacupocTpaHeHuss DM BOJH HE CBs3aH C
BO3MYILIEHUSIMU KaKOH-I100 cpefibl. To ecTh MOKHO npearnoiaraTs, 4To M BOJHBL, paclpOCTPAHSISICh,
HE BCTYNAalOT BO B3auUMOJEHcTBUE C KakoW-mubo cpenoid. OnHAKO MOMHMO paaHoNepeaaronInx
YCTPOMCTB CYIIECTBYIOT €IIE U PaIMONPUEMHBIE YCTPONHCTBA, AaHTEHHBI KOTOPBIX, OYAYUH dJIEKTPUUECKH
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HEUTPAJIbHBIMU TE€JIaMH, BCTYIAIOT BO B3aUMOIecTBHE ¢ DM BOJIHAMU.

ONEKTpUYECKUE TMOJsl, KOTOpblE IPHUHAJIEKAT 3JIEMEHTAPHBIM 3JIEKTPUUECKHUM 3apsjiam,
BXOJSIIIIMM B COCTaB MPHUEMHOW aHTEHHBI, BCTYNAIOT BO B3aHMMOJICUCTBUE C BHEIIHUM 3JIEKTPHUUYECKUM
II0JIEM, KOTOPOE SIBIISIETCA OJHOM M3 COCTABIIAIOIIMX pacmpocTpansomuxcs OM BoaH. Benencreue
TaKoro B3aUMOJEHMCTBUS B TOKOIPOBOJAIIEH LEMH INEKTPUUYECKH HEUTPAIbHON NMPUEMHON aHTEHHBI
MOSIBJISIETCS IEPEMEHHBIN AIEKTPUUECKUN TOK.

DJIEMEHTapHBIM 3apsAJiaM, BXOJSAUIUM B COCTaB IPUEMHOM aHTEHHBI, IPUHAJIEKUT HEUTPAIbHOE
noJie 3Toil anTeHHbl. Cl1e10BaTENbHO, TOJBKO B PE3yJIbTaTe B3auMOAEHCTBHS DM BOJIH C HEUTPaAJIbHBIM
[OJIEM TPUEMHOM AaHTEHHbl B €€ TOKOIPOBOJAIIEH LIENH MOXKET TMOABUTHCA IEPEMEHHBIN
AJIEKTPUYECKUI TOK, & 3TO O3HAYaeT, YTO IM 60J1HbI 6bI3bIEAIOM 603MYUICHUA HEUMPATbHO20 NONA,
Komopoe c@opmuposano 3InNeKmpudecKumMu 3apaoamu, 6X00AWUMU 6 COCHAE INeKMPUUYECKU
HelmpanbHOoU NPUEMHOU AHMEHHDbL.

OM BOJHBI HE MOTYT JeHWCTBOBAaTh BBIOOpOYHO. Ecam DM BOJHBI B3aMMOJICHCTBYIOT C
HEUTpaJbHBIM II0JIEM pAJAMONPUEMHON AHTEHHBI, TO 3TU BOJIHBI OyIqyT B3aMMOJEHMCTBOBAaTH U C
HEUTpaJIbHBIMHM IOJISIMM BCEX OCTAJIbHBIX OKPYKAIOIIMX AHTEHHY IPEAMETOB, B TOM YHUCJIE U C
HelTpanbHbiM mnosneM 3eminu, ConHua, JIyHbl M BCEro OCTaJbHOIO BCEJIEHCKOI'O BEILECTBA.
CrnenoBarenbHO, npoyecc pacnpocmpatenus /OM — 6onn  conpogodicoaemcs HenpepvleHbIMU
B03MYUEHUAMU HEHUMPATbHO20 INEKMPUUECKO20 NONA, KOMOPOEe POPMUPYENCIL 6CeM UMEIOUWUMCS 80
Bcenennoii sewgecmeom — nenpepuoléHuIMU 803MYUWEHUAMU 6CETIEHCKO20 HEUmMpanbhozo nous. OIHaKo
BO3MYILIEHUSI CPEllbl MOTYT U HE NMPUOOPECTH BUJ PACHPOCTPAHSIOLIUXCS B 3TOHM cpene BOJH. DTO
MOATBEPKIAETCS CIEAYIOIIHUMHU OIBITAMHU.

OnuH KOHel Y3KOM CTaJbHOM, a 3HAuuT YNpPyroul IUIACTHUHBI, B POJIM KOTOPOM MOKET
UCIIONIb30BAThCSl CTallbHAs M3MEpUTENbHAs JIMHEIKa, HEOOXOAUMO >KECTKO 3aUKCHpPOBAaTh B
HETIOJIBUKHOM COCTOSIHUM. ECIii MpOTHUBOMOJIOAKHBIN HE3aKPEIUICHHBIN KOHEL 3TOM IMJIACTUHBI OTBECTH
B CTOPOHY, a 3aT€M IPEJOCTaBUTh €My CBOOOAY, TO MO>KHO HAOIIOAATh KOJIeOaHUs HEe3aKPEIJIEHHOTO
KOHIIA IJIACTUHBI — 3TO TaK HAa3bIBAEMbIE C6000OHbBIE KONEDAHUS .

CrasibHyI0 IUIACTMHY MOKHO 3aMEHUTh COBMAJAIONIEH MO F€OMETPUUYECKUM pa3MepaM MeIHOU
IUTACTUHOM. MSITKyI0 METHYIO IUIACTHHY HEBO3MOKHO BBECTH B PEKUM CBOOOIHBIX KojeOaHui. OqHaKo
€CJIM HE3aKPEIUICHHBI KOHEI| MEJHOW IUIACTUHBI OKaXXETCsA I0J, BHEUIHUM BIUSHUEM, TO OH,
HNOMYUHSSACH JEHCTBUIO BHEIIHUX CHJI, MOXXET COBEpIIaTh KojeOaTelabHbIE JBHUKEHHUS, KOTOpbIE
OK@XYyTCS CXOJHBIMH CO CBOOOIHBIMHM KOJICOAHUSMH CTaJbHOW IJIACTUHBI — 3TO TaK Ha3blBaeMble
GbIHYHCOCHHbIE KO1eOaHUusA MEIHOMN TIaCTUHBI.

Bonanwvl —3mo pacnpocmpansaiouwjuecs é Kakou-1uodo cpede c60000Hble KONedanus ImMoii cpeobsl.
CnenoBarenbHO, poJib CPebl PACPOCTPAHEHUS BOJIH MOJKET MCIIOJIHSATH TOJBKO Ta Cpela, KoTopas
criocoOHa HaXOJIUTbCS B peXHMME CBOOOJIHBIX KOJIeOaHMH, a MeJHas IUIACTHHA, B3aUMOJEHCTBYS C
HCTOYHHUKOM KOJeOaHUM, HE MOXKET BOWTH B COCTOSHHE CBOOOMHBIX KOJIEOAHHI. DTO O3HAYAET, YTO
(bakT B3aMMOJIEHCTBHS HEUTPATIBLHOIO MOJISE ¢ PACIPOCTPAHAIOUIMMHUCS 3JEKTPOMAarHUTHBIMU BOJIHAMHU
HE MOXET OBbITh JOCTATOYHBIM U OE€CCIOPHBIM ISl TOTO YTBEPKICHHS, YTO BCEJIEHCKOE HEUTpanbHOE
TI0JIE SIBJISIETCSI CPENIOM pacIPOCTPAHEHNUS AIEKTPOMArHUTHBIX BOJIH.

HeiitpansHoe mosie 10mpKHO 00MaaTh HAOOPOM CBOKMCTB, KOTOPBIE CIIOCOOHBI 00ECTICUUTh MY
pPEeKUM CBOOOJHBIX KOJIEOAHUH, TOJIBKO MPU COONIONEHUH 3TOTO YCIOBHUS BCEIEHCKOE IOJE CMOXKET
UCIIOJIHATH POJIb CPENIbl PACIIPOCTPAHEHUS AIEKTPOMATHUTHBIX BOJIH.

§3. CBoiCTBA HEUTPAJIBLHOT0 JIEKTPUIECKOTO OIS

Besikne cB0OOIHBIE KOJIEOAHUS MOTYMHEHBI €AWMHBIM (U3HMYECKUM 3akoHaM. CreaoBaTeNbHO,
BBISIBUB MPUYHMHBI CBOOOJHBIX KOJIEOAHMI MOJBEIICHHOTO HAa MPY)XHHE TPy3a, MOKHO OMPEICIUTh U
CBOMCTBA Cpe/bl, B KOTOPOM MOTYT HaOIIOAATHCSl BCIKHUE APYTrUe CBOOOIHBIE KOJIEOAHHs, B TOM UHCIIE
U T€, YTO UMEIOT BHUJI pacipocTpaHstomuxcs M BoJH.

[ToxBemeHHbId HAa TPYXHHE TPY3, HAXOIAIIUICS B HEMOJBIKHOM (MCXOTHOM) ITOJIOKECHUH,
HEO0OXOJIUMO CMECTUTh BEPTUKAIBHO BHU3. Cusibl ynpyzocmu, NEMCTBYIONINE B MaTepualie MPY>KUHBI,
MOMBITAIOTCSI BO3BPATUTD TPY3 B MCXOIHOE TIOJIOKEHHE, U €CITU TPYy3y MPEAOCTaBUTh CBOOOIY, TO OH,
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ROOYUHAACL O0elCMEUI0 CUJl YRPY20cHu, YCTPEMUTCS B HCXOAHOE mojoxkeHue. Ilpubnmxkasch k
HCXO/HOMY TIOJIOKEHHIO, TPy3 OOpETET OIpeNeIeHHYI0 CKOPOCTh M, KaK CJIEJCTBHE, OKAXETCS O[T
nerctBueM cua unepyuu. Illoouunaace oeiicmeuro cun uHepyuu, Tpy3, He OCTAHABIUBASCH, POUJIET
MCXOJHOE TIOJIOKEHUE U CMECTHUTCS BBILIE 3TOrO MOJI0KEHUS, a 3aTEM CHOBA YCTPEMUTCS BHU3, U TaKHE
Kosie0aTeNbHbIE JABMKEHUS OyayT HaOMIOAAaThCAd B TEUEHUE HEKOTOPOIro MPOMEXKYTKa BPEMEHU U 0e3
KaKoro-au0o JONOJHUTEIBHOIO BHEUIHETO BIMAHUA. DTO O3HAYAET, YTO CHCTEMA Ipy3 — IpPYKHHA
CIOCOOHA HAXOUTHCS B PEKUME CBOOOTHBIX KOJICOAHUIA.

Amnanus mporecca cBOOOAHBIX KOJIEOaHUI CUCTEMBI IPy3 — IPY>KHUHA MTO3BOJISIET YTBEPKAATh, YTO
HEKas cpe/ia MOXKET HaXOJIUTHCS B COCTOSIHUM CBOOOTHBIX KOJI€OaHUH, a 3HAYHUT, MOXKET UCIIOIHSTDH POJIb
CpeJibl pacpOCTPaHEHUS BOJIH, €CIIU 3Ta Cpelia 00IaJaeT CAEAYIOIUMMHU CBOMCTBAMMU:

1. B3aumooeiicmeyem c cuzHaiom, 2eHepupyemvim UCHOUYHUKOM BOJIH.

2. Haxooumcs noo deiicmeuem cujl ynpyzocmu.

3. O6naoaem unepyuoHHOCMbBIO.

HeoOxonuMo  nokazarth, 4YTO HEWTpaJbHOE DJIEKTPUUECKOE TMoje  00JadaeT  BbIIIE
MEPEYUCIICHHBIMU CBOMCTBAaMH, TOCJIE YEro MOXKHO YTBEpXkJaTh, YTO BCEJICHCKOE HEHUTPAJIbHOE I0JIe
ABJIIETCS Cpefiol pacnpocTpaHeHus: OM BOJIH.

Joka3atenbcTBO 1-10 cBOMcTBA. CUTHAI, TEHEPUPYEMBI HCTOYHUKOM DM BOJIH, BCTYIAET BO
B3aMMOJICICTBHE CO BCSKMM HEWUTPAJbHBIM IOJEM, U 3TO HOJATBEPXKIACTCS HE TOJIBKO HaJIUYHUEM
YCTPOMCTB PaiMOCBS3H, HO U PE3yIbTaTaMH MHOTHX JPYTUX SKCIIEPUMEHTOB.

TokomnpoBojsMe LENU PagdOAHTEHH H3rOTaBIMBAIOTCA U3 IMPOBOJHMKOBBIX MaTepUalioB, B
KOTOPBIX, B Cllydyae M3JIy4YeHHS WM IpUeMa PaJuOCUTHAIOB, IPOTEKAIOT MepeMeHHble TOKU. OIHaKo
pe3ysIbTaThl ONBITOB, CBSI3AHHBIX C MCCIEAOBAHUAMU SIBJIEHUI 3JEKTPOCTATUUECKON WHIYKLUH,
CBUJICTENLCTBYIOT O TOM, YTO HE3aBUCHUMO OT TOTO MPOBOAHUKOM WU JUIIEKTPUKOM SBIISETCS
AIIEKTPUYECKH HEUTpPaJbHOE TEJIO Ha €ro MPOTHUBOIIOJIIOKHBIX CTOPOHAX, IOCIE TOTO KaK 3TO TEJIO
OKa)XeTCA MOJ] BIUSHUEM BHEIIHETO 3JIEKTPUUYECKOTO MOJIsA, MOSABISIOTCS U30BITOUYHBIE pA3HOMMEHHbBIE
aneKTpuueckre 3apsapl. llosBieHne W30BITOYHBIX 3apsoB — 93TO PE3yAbTaT YHOPSIOUYEHHOTO
CMEIIECHHUS IIEKTPUUYECKUX 3aps/IOB, KOTOPbIE BXOIAT B COCTaB HeiTpanabHOro tena. CleoBareiabHo,
BHEIIHEE 3JIEKTPUYECKOE I10JI€ B3aUMOJAEUCTBYET C AJIEKTPUUYECKUMHU IMOJISIMM, NPUHAMJIEKAIIUMU
DIIEMEHTApHBIM DJJIEKTPUYECKUM 3apsAlaM, KOTOPbIE COJEP)KAaTCS B DIIEKTPUUYECKH HEUTpPAIbHOM
BEIIECTBE, U TAKOE BELIECTBO MOXKET ObITh, KaK IPOBOJHUKOM, TaK U JUIIEKTPUKOM.

3aKIII0YeHHbIE B HEUTPaIbHOM BEILECTBE JIEKTPUUECKUE 3aps/Ibl PearupyroT Ha J1000e BHELIHee
AIIEKTPUYECKOE TI0JI€, TO3TOMY POJIb BHEIIHETO 3JIEKTPUYECKOTrO MOJISl C YCIIeXOM OyAeT UCIONHATh U
TO TIEPEMEHHOE DJIEKTPUUYECKOE II0JIE, KOTOPOE SABISAETCA OJHOM U3 COCTABIAIOIIMX OM BOJH.
CnenoBarenbHO, 6CelleHCKoe HellmpanbHoe 31eKmpuieckoe noje, 6cmynaen 60 e3aumooelicmeue ¢
IM eonnamu.

Jloka3aTeabcTBO 2-r10 cBoOiicTBA. B3auMHyI0 ypaBHOBEIIEHHOCTb HECKOJIBKHX CHIJI MOJKET
HapyIIUTh HEKasi CTOPOHHSISI CUJIA, U €CJIM ATO MIPUBENET K MOSIBIIEHUIO PE3YJbTUPYIOIIEN CUJIBbI, KOTOpas
CTPEMHUTBHCS BOCCTAHOBUTH HApYIIEHHOE PaBHOBECHOE COCTOSHUE, TO W3HAYAIbHO YPABHOBELICHHbBIE
CHUJIBI U NOSBIISIOLIASCS Pe3yNbTUPYIOIIAsl CUIIA SBIIIOTCS CUIAMH YIIPYTOCTH.

[Toka snexkTpUuecKd HEUTpanbHOE TEJIO HE IMOABEPKEHO BIMSHHUIO BHEUIHETO 3JIEKTPUUYECKOTO
II0JIsA, DJIEMEHTAPHBIE 3apsbl, KOTOPBIE COJEPIKATCA B 3TOM TEJIE, PABHOMEPHO NEPEMEIIaHbl MEKIY
c000¥ 1 paBHOMEPHO pacmpeiesieHbl B 00beMe Tenna. B 3Tom ciryuae cuiibl, 1eMCTBYIONIHNE Ha OT/ICTBHBIE
AJIEMEHTApPHBIE JIEKTPUUECKHUE 3apsbl, OKa3bIBAIOTCS B COCTOSIHUM B3aUMHOW ypaBHOBEIIEHHOCTH, a
PE3YJIbTUPYIOLINE CUJIbI, KOTOPBIE MOTJIM OBl BbI3BAaTh YHOPSAJOUYEHHOE MEPEMELICHHE AIEKTPUUECKUX
3aps/10B, OTCYTCTBYIOT. DTO O3HAYAET, YTO IEKTPHUUECKHUE MOJIs, CHOPMUPOBAHHBIE PAa3HOMMEHHBIMU
3apsaaMHu HEUTPaJIbHOTO BEIIECTBA, HAXOASTCS B COCTOSSHUU B3aMHOM CUJIOBON yPaBHOBEIIEHHOCTH.

[Ton nedcTBMEM CHJI BHEIIHErO JJIEKTPUUYECKOTO IO Ha IPOTHUBOIOJOKHBIX CTOPOHAX
HEUTpaJbHOTO TeJla HAKaIUIMBAIOTCS M30BITOYHBIE Pa3HOMMEHHBIE AJIEKTPUUYECKUE 3apsbl, KOTOpbIE
HaXOJATCS MOJ JEUCTBUEM CHJI B3aUMHOTO NpUTsDKEHUS. CHUIIbl B3aUMHOTO NPUTSDKEHUS CTPEMSATCS
BO3BpATUTh 3apsi/ibl B UCXOJHOE MOJIOKEHNE U BOCCTAHOBUTH TEM CaMbIM HAapyIIEHHOE PaBHOBECHOE
COCTOSIHUE JEMCTBYIOIUX CUJI. DTO 03HAYAET, YTO CHUJIIBI DJIEKTPUUECKHX MOJIEH, KOTOPbIE IPUHAIEKAT
Pa3HOMMEHHBIM 3aps]iaM, BXOJSIIMMHU B COCTaB AJIEKTPUUYECKH HEUTPAIbHOTO Teja, AEUCTBYIOT Kak
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cuibl yripyroctu. CrefoBaTeabHO, 8CeleHCKoe HellmpaibHoe )1eKmpudecKoe noje, Haxo00umcs noo
oeiicmeuem cui ynpy2ocmu.

Joka3zaTebcTBO 3-T0 CBOMCTBA. B 3JIEKTPOTEXHHMKE CYHIECTBYET TaKO€ IOHSATHE Kak
WHAYKTUBHOCTh — 3TO KO(DPUIMEHT NpPONOPIHOHATHHOCTH, ONMPEICSISIIONINA MEpYy 3aBUCUMOCTU
MEXIy NCUCTBYIOIICH Ha 3apsiibl MPOBOJAMMOCTH 3JeKTpoaBmxkymehd cwion (DJC) u yckopeHuem
3apsiIoB B MPOIECCE UX YIOPSIOYCHHOTO IBUKCHHUS:

dl

e=L—
dt

rae e — neucrtsymomas B npoBoaHuke J/1C camMOMHIOyKIMM, 3HaYEHHE KOTOPOW IPONOPLUOHAIBHO
pPE3YJIbTUPYIOLIEH CUJIE, AEUCTBYIOUIEN Ha 3apsiabl IPOBOJIUMOCTH;

3HaueHHe JJIEKTPUYECKOro Toka | TpomopruoHanbHO 3HAYEHUIO CKOPOCTH, C KOTOPOH
HPOUCXOAUT YIOPSAOUCHHOE JBHKEHHE 3apsioB poBoauMocTh. CieoBarelibHo, Boipakenue dl/dt

HMPOMOPLHUOHAIEHO YCKOPEHUIO, C KOTOPBIM ABMKYTCS 3apsiabl IIPOBOIUMOCTH.
Koaddunment nponopunroHanbHOCTH, ONPEACISIONIUNN MEPY 3aBUCUMOCTH MEXAY JIeHCTBYIOIIEH
Ha 3apsi/ibl IPOBOJAMMOCTH CWJIOH € M ycKopeHueM 3apsjoB dl/dt, Ha3piBaeTCs MHIYKTUBHOCTBIO U

o0o03Hauaercss cuMBoJIoM L .

OJ1C caMOMHAYKIIMU € TOSBISETCS TOJIBKO MPU U3MEHEHUH 3HAYECHMS TEKYIIEro B MPOBOJIHHUKE
Toka | W Bcerma NPOTHBOACHCTBYET JIIOOBIM HM3MCHEHHSAM 3HAUEHHUS 3TOro Toka. To ecTh Ha
HEPaBHOMEPHO MABMXKYIIUECS 3apsabpl mpoBoguMocTd DJIC caMOMHIYKIIMU JEUCTBYET TaK K€, Kak
MEXaHUYeCcKas CWJIa MHEPLMH ACHCTBYIOT Ha HEPABHOMEPHO JBMKYIIYIOCS Maccy, a 3HadeHue JD/(C
HAaxXOJIUTCA B TMPSMOW 3aBUCUMOCTH OT 3HAYEHUs HWHIYKTUBHOCTH, CII€IOBATEILHO, 3HAYCHUE
WHAYKTUBHOCTH OMpEJeNaeT Mepy MHEPLUUOHHOCTH 3apsa0B MPOBOAMMOCTH. MOXHO Ipeanoararsb,
YTO 3HAYCHUE HHAYKTUBHOCTH L 3aBHCHT OT MacChl 3aps0B MPOBOJAUMOCTH, HO TAKOE MPEIMOIOKCHHE
orpoBepraetcs (pakToM CyiecTBOBaHUS OUPHUIAPHON KATYIIKH.

NunayknuoHHas KaTyIlka, HaBUTas OJWHAPHBIM IPOBOJHUKOM, 00JIagaeT OINpeleicHHBIM (HE
HYJIEBBIM) 3HAYEHHUEM MHIYKTUBHOCTH, a 3HAUCHHUE UHAYKTUBHOCTH OU(UISIPHON KAaTyIIKU — KaTyIIKH
HAaBUTOM TEM K€, HO BJIBO€ CJOKEHHBIM IMPOBOJHUKOM — HACTOJIBKO OTPAHUYEHHO, YTO STUM
3HauEHHUEM, KaK MPaBHUIIO, MpeHeOperaT U MPUHUMAIOT €0 PaBHBIM HYI0. BMmecTe ¢ Tem u B 1enu
KaTYIIKU, HaBUTOW OJWHAPHBIM MPOBOAHUKOM, W B IIEMH KATYIIKH, HABUTOH TEM e, HO BIBOE
CJIO’KE€HHBIM MPOBOJHUKOM, COAEPKATCA OJHHM U T€ K€ 3apsibl MPOBOJUMOCTH C UX OJAMHAKOBOU
Maccoil. CnefoBaTenbHO, €ciu Obl 3HAYCHUE WHIYKTUBHOCTH 3aBUCEJIO OT 3HAYCHHS MACChI 3apsiioB
MPOBOAMMOCTH, TO CHOCOO HAaBHUBKM KaTyIIKM HE MOT OBl OKa3aTh BIUSHUS Ha 3HAYCHUE
WHIYKTUBHOCTU. OJHAKO 3HAYEHWE WHIYKTUBHOCTH KATYIIKH, HABUTON OJUHAPHBIM MPOBOJIHHKOM,
UMEET MHOTOKPATHOE MPEBOCXOJICTBO HAJl 3HAUEHHWEM WHIYKTUBHOCTU OUGDUISIPHON KaTyIIKA — 3TO U
SBJISIETCSI TIOJITBEPXKIACHUEM TOTO, YTO DJIEKTPUUYECKHUE 3apsiibl 00Jaal0T HE3aBUCAIIEH OT MacChl
MHEPLUUOHHOCTHIO.

[Ipu nmpoTexkanuu Toka B TOKOTPOBOSIICH 11T KATYIIKH, HABUTOW OJIMHAPHBIM MPOBOJIHHUKOM,
HABOJUTCS. MarHUTHOE TOJIE C ONPEEICHHBIM 3HAUEHHUEM MHAYKIHMH, & UHAYKIUS MarHUTHOTO IOJS,
HABEJEHHOTO TOKOM OMQWISIpHON KaTylIKU, MMEET IMpeHeOpeXuMo Majoe 3HaueHue. Hamuuwme
MarHUTHOTO MOJIsl, KOTOPOE HABEJIEHO KAaTYIIKOW, HABUTOW OJIMHAPHBIM IMPOBOJHUKOM, KaK pa3 U
SBJISICTCS] IPUYMHON WHEPIIMOHHOCTH 3aPs/I0B TPOBOTUMOCTH.

Nmest B Hanmuuuu JBa MOCTOSIHHBIX MAarHWTa, HE COCTAaBUT TPYAA MPOBECTHU OIBITHI, KOTOPHIE
yOeXIal0T B TOM, YTO B pe3yjbTaTe B3aMMOJICHCTBHSI MATrHUTHBIX TIOJICH, TMPUHAICKAIIUX JTBYM
MOCTOSIHHBIM MarHWTaM, ’TH MarHUTbl MOTYT U3MEHSTh COCTOSTHUE CBOETO ABMXKeHUs. ClieJ0BaTeNbHO,
KOJTMYECTBO KNHETHUECKOU DHEPTHH, 3aIIACCHHOW MAacCOU JBIDKYIIIETOCS MarHUTa, MOKET U3MEHSAThCS
B pe3yJIbTaTe B3aUMOJICHCTBHSI MarHUTHBIX MOJIEH. DTO CBUAETENLCTBYET O TOM, YTO MAarHUTHOE MOJIE
M BEIIECTBO MOTYT HAaXOJHUTHCSI B COCTOSTHMH B3aMMOOOMEHa sHeprueil. Takoe COCTOsTHUE BO3ZMOYKHO
JUIIb B TOM ClIy4ae, KOr/la B MArHUTHOM I10JI€ 3aKJII0YEHO ONPEEICHHOE KOJIMYECTBO SHEPTUH, U ITa
SHEPTUSI MOXKET TPEOOPa30BLIBATHCS B IPYTHE BUJIBI DHEPTHUH.

H3MmeHeHne KoMruecTBa YHEPTUH, KOTOpas 3aKII0ueHa B KaKOM-JTHMOO MarHUTHOM IIOJIe, BCEra
MIPOUCXOAUT B pe3yibTaTe BO3MYIIECHHS, TO €CTh B PE3ybTaTe JABUKEHUS 3TOTO MarHUTHOTO TOJISA, U
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TaKoE JABUKEHUE COITPOBOKIACTCS ICUCTBUEM MAarHUTHBIX CJI. CHIIBI HE MOTYT JOCTUTATh OECKOHEUYHO
OONBIIMX 3HAYCHMI, a TIEpEMEIICHUs, JaKe Ha BeCchMa HEOOJNBIIUE PACCTOSHHS, HE MOTYT OBITh
MTHOBEHHBIMHU. JTO O3HAYAET, YTO KOJIMYECTBO SHEPTrUU HE MOKET U3MEHUTHCA CKaukoM. M3meHnenus
KOJINYECTBA SHEPTrUH BO3MOKHBI TOJIBKO B TEUECHHE ONPEACICHHBIX MTPOMEKYTKOB BPEMEHH, TO €CTh
W3MEHEHHUSI KOJIMYECTBA DHEPrUM — HTO IPOIECChl MHEPLUMOHHBIE — IPOILECCHI, COMPOBOXKIAEMBIE
JIEUCTBUEM CHJI MHEPLIMH. B 3JIeKTpUUYECKUX LENSAX CUIIbl HHEPLIMU IPOSIBISIFOTCSA B BUAE ICUCTBYIOIIEH
B npoBogHuke DJIC caMOMHIYKIIMH, YTO CBHJACTEIBCTBYET 00 JJICKTPOMArHUTHOW MPHPOAC CHJII
WHEPLHH, ICUCTBYIOIINX HA JIBUKYIIHUECS JJIEKTPUUECKHUE TOJISI U CBA3aHHBIC C HUMH DJIEKTPUUYECKHUE
3apsiibl.

[Ipu pacnpocTpaHeHUM BIEKTPOMATHUTHBIX BOJIH IPOUCXOASAT HENPEPBIBHBIE B3aWMHBIE
npeoOpa3oBaHMsl SJIEKTPUUYSCKUX M MATrHUTHBIX IIOJIEH. OTH TNpeoOpa3oBaHHS COMPOBOXKIAOTCS
MOCTOSTHHBIM B3aMOOOMEHOM HEpTHel, HaKaIUTMBAEMOM B 3THX TOJISX, U, KK CICJICTBUE, ICHCTBUEM
cunl uHepuuu. CnenoBaTesibHO, 803MYUi€HUA 6CEIeHCKO20 HEelmpPaibH0o20 NoisA, 603HUKAlOWUE 6
npoyecce pacnpocmpanenus IM eonn, conpoeoxcoaromca oOeiicmeuem Ccujil UHEPUUU — 3STO
MOCJICTHEE M3 TPEX paHee Ha3BaHHBIX CBOMCTB, KOTOPBIMH JIOJDKHA 00J1aaTh Cpelia paclipoCTPaHCHHS
BOJIH.

Bcenenckoe HeTpanbHOE Tosie 00JaaeT BCEMHU CBOMCTBAMH CPEIbl PacHpOCTpPaHEHUsS BOJIH,
MO3TOMY BO3MYILICHHUS, TTOSIBUBIIMECS B OTPAHUYCHHOM OOBEME BCEJICHCKOTO TMOJisi, MOTYT, U OyayT
pacupoCcTpaHsATbCSI Ha CMEXKHBIE C OrPaHUYCHHBIM O0O0BEMOM O0JacTH U, NpHOOpeTas BHJI
pacnpocTpaHstomuxcss DM BOJH, OyayT yHausAThCS OT MeCTa MEPBOHAYAILHOTO BO3MYIICHUS.
CrenoBaTenbHO, 2/1eKmMpuyeckoe none, Cc@opmuposannHoe 31eKmpuiecku HeumpaibHou
cocmasnaouenl 6cezo umeruiezoca 60 Beenennoit eewgecmea, — 6cenenckoe HeumpaivHoe noJie —
aenaemcea cpedou pacnpocmpanenus IM eonn.

§4. Ddpup BecbMa MAJIONIOABUKEH OTHOCUTEIHLHO MOBEPXHOCTH 3eMJIU

DPup — 3TO W eCTh BCEICHCKOE HEUTpPaJIbHOE »JJIEKTPUUYECKOE II0Jie, KOTOpoe oOmagaeT
HEKOTOPBIMU HE YIIOMUHABUIMMUCS paHee CBOMCTBaMH, SBJISIOUIMMUCS  JOMOJTHUTEIHHBIM
MOJTBEPKJIEHUEM TOTO, YTO KaK pa3 3TO MoJje sABJIseTcs cpeaoi pacnpoctpaHeHuss OM BosaH. OgHO U3
CBOMCTB BCEJICHCKOT'O TOJII HE MMEET MPSIMOTrO OTHOILIEHHS K BOJIHOBBIM IIPOLIECCaM, HO 3aBEIOMO
oOpekaeT onbIThl MaiikesnbcoHa — Mopiu Ha ojlydyeHHe OTpULIATEIbHOIO pe3ybTaTa.

Pa3pabotannbiii MaiikenbcoHoM npuOop — uHTEpdepoMeTp — ObIIT pacCUMTaH Ha OOHApyKEeHHE
TaKOW Henodsuxcnou cpeap-3dupa, KoTopas Mmogo0HO BETpy, «00ayBaeT» co ckopocthio 30 km /c
osudcyugyrocs nosepxuoctsb 3emitu (30 km /¢ —3TO CKOPOCTH OpOUTATLHOTO ABMKEHUS 3eMitH). OTHAKO
B JIEUCTBUTEIBHOCTU BCEJIEHCKOE I0JIe O00JaJaeT CTOJb HE3HAYUTEIbHOW MOJBUKHOCTBIO
OTHOCHUTEJIbHO MOBEPXHOCTH 3€MJIM, YTO I UHTEpPEepoMeTpa 3Ta MOABHIKHOCTh OKa3bIBA€TCS Majo
3aMETHOM, a TO ¥ BOBCE HE3aMETHOU

OueBUIHO, YTO IIEKTPUUYECKUE 3apPsiIbl, BXOAIINE B COCTaB 3eMJIU, JBMKYTCS BMECTE C 3eMIICH,
MI03TOMY HEWTPAJIBHOE IEKTPUYECKOE TOJIE, IPUHAIEKAIIEE 3EMHOMY BELECTBY, BCETJa OCTAETCS
HEMOABUHBIM OTHOCUTEIHHO oBepXHOCTH 3emuin. Ho momumo 3emiu cymiectByet emé Connie, JlyHa
1 BCE OCTAJIBHOE BCEJIEHCKOE BEILIECTBO — 3TH COCTABIISIOIIME OKA3bIBAIOT BIMUSHHUE HA MOJBUKHOCTh
BCEJIEHCKOT'0 HEHTPAIILHOTO TOJISI, IPUJIETaloIIero K MOBEPXHOCTH 3eMIIH.

[Ipexxne yem mepexoauTh K ONpPENENCHUIO BIMSHMS BellecTBa BceleHHON Ha MOABUXHOCTD
BCEJICHCKOTO TIOJISl, MPHJIETAlOIIer0 K IIOBEPXHOCTH 3eMiIM, HEOOXOJMMO BBECTH MapaMerp,
XapaKTepU3YIOMIM WHTEHCUBHOCTh HEHUTPaIbHOTO TIOJII, W TYCTh TaKUM MapaMeTpoM OyIeT
AIIEKTpUYecKasl HaIpsHKEHHOCTh HEWTpalibHOTO NoJs. HanpsbkeHHOCTh HEWTpallbHOTO OJIs B JIt00OH
€ro TOYKE paBHA HYJIIO, HO HANPSKEHHOCTh JJIEKTPUUECKOrO MOJIsl, KOTOPOE MPUHAJICKUT OAHUMHU
TOJIBKO TIOJIO)KUTEIbHBIMUA WJIM OJHUMHU TOJIBKO OTPHUIATEIHHBIMH 3apsiIaMH, BXOJSIIMMHU B COCTaB
AIIEKTPUUYECKH HEHTPAILHOTO BEIIECTBa, B JIFOOOW TOUKE MPOCTPAHCTBA UMEET BIIOJIHE OIpEJIeIEHHOE
(oTnMuyHOE OT HyJs) 3HaueHue. Ha ocHOBaHUM 3TOro W MPUMEM TO YCIIOBHE, UTO eclu 8 OalbHelulem
mekcme Hacmoswel Cmamvy 6CMpemumcs 8blpadceHue KHanPAICEHHOCHb HEMPAIbHO20 NOAA», MO
OO 3MUM NOOPA3YMEBAemcs HANPANCEHHOCMb INEKMPUYECKO20 NOAsA, KOMOpPoe NPUHAOIEeHCUm
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O0OHUMU MOJILKO NOTOHCUMETbHBIMU 3APAOAMU, 8XOOAUWUMU 8 COCMAB INEKMPUYECKU HEeUMPAIbHO20
sewecmaa.

HanpspkeHHOCTh  HEWTpallbHOTO — MOJS,  COPMUPOBAHHOTO Y  IMOBEPXHOCTH  3eMIIU
IIEKTPUYECKUMU 3apsiilaMH, COAEpXKAIIMMUCA B JIYHHOM M COJIHEYHOM BeulecTBe (mpumep 2)
npuomsuTenbHo B 296 000 m 1670 pa3 MeHbIlle HANpsHKEHHOCTH HEHUTPAIBHOTO IOJs, KOTOPOE
MPUHAJUJICKUT 3apsiiaM, BXOISIINM B COCTaB 36MHOTO BelecTBa. HelTpanbHbIe MOJsl, TPUHAICKAIIHE
JNEKTPUYECKUM 3apsiaaM, BxoasummMm B coctaB Jlynsl u ConHua, ABUrasch BMECTE C 3TUMHU
KOCMUYECKHUMH OOBEKTaMH, OJHOBPEMEHHO IMEPEMEIIAIOTCS W OTHOCUTEILHO MOBEPXHOCTH 3EMIIH.
Opnnako HanpsHKEHHOCTH HEUTPAJbHBIX MOJIEH, MpUHAIIeKAIIMX TYHHOMY U COJTHEYHOMY BEIIECTBY,
OKa3bIBAIOTCS HACTOJIPKO OTPAaHUYCHHBIMH Y IIOBEPXHOCTH 3EMIIA B CBOMX 3HAYCHHSIX, YTO TH MO HE
MOTYT OKa3aTh CYIIECTBEHHOTO BJIMSIHMS Ha MOJABHXKHOCTb PE3YJIbTUPYIOLIEr0 HEHTPaIbHOrO MO,
KOTOpPOE TPHUJIETaeT K MOBEPXHOCTU 3E€MJIM M COBMECTHO (hopMupyeTcs BemecTBoM 3emud, JIyHBI u
CounHiza.

Cpenusist olleHOYHasi IJIOTHOCTh BemiecTBa Bcenennoii cocrapnser 7 - 10_27KI‘/M3, a 551
103 kr/M3 — 5To MIOTHOCTH 3eMHOro BemiecTBa. Takoe COOTHOIIEHHE ILIOTHOCTEH BellecTBa, a
COOTBETCTBEHHO M HANPSIKEHHOCTEH HEHUTPaIbHBIX MOJIEH, CBUACTENHCTBYET O TOM, UYTO BCEJICHCKOE
BEIIIECTBO, JIaXKe €CIM OBl BCE €r0 COCTABIIAIONINE, COXPAHSS CBOIO CKOPOCTb, JABHTAINCH B OJHOM
HAIPaBIEHUU, TO OHO HE MOTIJO OBl OKa3aTh 3aMETHOTO BIIMSHHUS HA MOJBUKHOCTH BCEJIEHCKOIO
HEUTPaILHOTO TOJIsI, HAXOIAIIETOCs y TIOBEPXHOCTH 3eMiin. DTO o3HadaeT, uyro Coninye, JIyna u éce
O0CMalbHOe 8CE/ICHCKOE 6eU4eCHIB0 He MOZYM 6bl36amb 3aMemHuoll (3aMETHOU A1 MHTephepoMeTpa
MalikenbCOHa) HOOBUIHCHOCMU 6CEIEHCKO20 HEUMPAIbHO20 NOJIA, NPUIE2alouie20 K n08epxXHoCmu
3emnu. Bmecte ¢ TeM, B HEKOTOPBIX CIIy4asix, IPU MPOBEACHUU ONBITOB y1aBaJI0Ch PUKCUPOBATH HEKYIO
MOJIBIKHOCTB 3(pupa. JTa MOJABMKHOCTh MOIJIA OBITH pe3yinbraToM BiausHUS ConHia u JIyHbBI, OHAKO
BO3MOkHOE BiusiHUe ComnHia U JIyHbl He yUUTHIBAJIOCH, a SIBJICHUE MOABIKHOCTH 3(pHpa HE TOTYyUUIIO
000CHOBAHHBIX OOBSICHEHHH.

§5. «HecoBMecTUMBIE» CBOMCTBA 3(pUPA UM COBMELIIEHUE
HECOBMECTHUMOI0

Bcenenckoe HelTpanpHOe Mosie 00jajaeT MOUCTHHE (EHOMEHATbHBIMH CBOWCTBAMH TOTO
TUIIOTETUYECKOro 3(upa, B CYIIECTBOBAHUM KOTOPOTO Majlo KTO COMHEBAJICS A0 MosiBieHus Teopun
OTHOCHUTENIBHOCTH. BOT uTo 1o aToMy nosony nuiuyt basunesckuii C. A. u Bapun M. I1. B cBoeli ctaTbe
«Omunbka DitHmTeHay [5]: «dup, Kak HOCUTEh CBETa, JOKEH 00J1a/1aTh MHOTUMH YAUBUTEIbHBIMHU
CBOWCTBaMH: C OJIHOM CTOPOHBI, OH JIOJDKEH OBITh YPE3BBIYAHHO «TOHKHM», HEBECOMBIM, YTOOBI HE
MEIIaTh JBMKEHUIO MUKPOYACTULl U HEOECHBIX TEN, C APYTroil CTOPOHBI, OH JIOJKEH OBITh HEBEPOSITHO
«OKECTKHM», YTOOBI Iepe/iaBaTh MONEPEUHbIE BOJIHBI CBETA CO CKOPOCTHIO B COTHH THICSY KHJIOMETPOB
B CceKyHJy. Bo3moxHas Ui Hero dacrora KojieOaHMM [OJKHA OXBaThIBaTh BECh JUAIa30H,
TIPaKTHYECKH OT HyJs 10 MHOTuX TpusutnoHoB (1018) B cexynay. Ho Bo BTopoit monosune XIX Bexa
Tpynamu Cen-Benana, Penes u CtoneroBa ObLIO BBIICHEHO, YTO MOJOOHBIE TPEOOBAHUS K BEILECTBY
COBEPIIEHHO HEOOOCHOBAHHBIY.

OnHako HECOBMECTHMBIE, Ka3ajloch Obl, CBOMCTBa 3¢upa MPEKPAaCHO COCYILECTBYIOT BO
BCEJICHCKOM HEUTpaibHOM Moje. B mpumepe 3 onpeneneHo, 4yTo ABa 3apsiaa, BEIUYUHOW MO OJHOMY
KYJIOHY KaX/bli, KOTOpbIE HaXOASATCS B BAKYyM€ U pa3/elIEHbl PACCTOSIHUEM PaBHBIM OJJHOMY METpY,
MOJBEPKEHBl CHJIAM B3aWMOJICMCTBUS, pPAaBHBIM CYMMapHOMY Becy o0onee 150 cpysycennvix
HCeNEe3HO00POIHCHBIX COCMABOG, U OJIUHA KAIHCO020 MAKO20 COCMABA npesvliiaem 00UH KUioMemp.
3HaueHus CUJl OTPOMHBIE, a BOT OJIMH KYJIOH — 3TO BeChbMa HEOOJbIION 3aps/l, TOTOMY KaK B METHOM,
HAaNpUMep, Iapuke, obnanalomeM o6beMoM Beero 1cMm3, colepikuTcs aBa pa3sHOMMEHHBIX 3apsAna
sHaueHneM 394 400 Kn xaxnaprii (mpumep 4). Cuitbl B3aUMOJCHCTBUS MEXKAY dTHMHU 3apsIaMH BO
MHOTHE TPWIIMOHBI pa3 MPEBBIIIAIOT T€, YTO ONpeAeaeHs! B IpuMepe 3. 1 3T cuiibl MpOSIBISIFOTCS CO
BCEW CBOEU NOJIHOTOM, €CIU MOSIBISAIOTCS TaKME BO3MYILECHHS] HEUTPAJIBbHOTO MOJISA, IPUHAIIEKAIIETO
MEAHOMY LIAPUKY, KOTOPBIE CTPEMATCS Pa3AEIUTh 3TO MOJIE HA JABE €r0 COCTABIIAIOIINE — PA3JIEINUTh
Pa3HOVMMEHHBIE 3apsJIbl, COAEPKALIMECS B COCTABE MIAPHKA.



PabGora mnepenaromux M TPUEMHBIX PaJUOAHTEHH COMPOBOXKAAECTCA MPOTEKAaHMEM B HUX
MEPEMEHHBIX AJIEKTPUUYECKUX TOKOB M, KaK CIEACTBUE, HAKOIJICHUEM Pa3HOMMEHHBIX 3JIEKTPUUYECKUX
3aps70B Ha TPOTHBOIOJIOKHBIX CTOPOHAX ATUX aHTEHH. DTO O3HA4YaeT, 4yTo (HOpPMHUPOBAHHE HU
pacnpoctpaHeHre DM BOJIH COIPOBOXKJIAETCS TaKUMU BO3MYILEHUSMHU BCEJIEHCKOTO HEHTpPaibHOIO
MOJIs, KOTOpPbIE CTPEMATCS pa3leiduTh ATO IOJE€ Ha JBE €ro cocrapisionie. To ectb mpu
pacripocTpaHeHMH DM BOJH aKTUBU3UPYIOTCS T€ CHJIBL, 3HAYEHHUE KOTOPBIX OBLJIO OIpPEIEICHO B
npouecce pemieHusi npumepa 3, npumepa 4. OIHaKO B 3THX MPUMEpax paccMaTpuBajINCh BeChbMa
OTrpaHMUYEHHBIE B CBOMX 3HAUEHUSX 3apsi/ibl — 3aps]] BEJIMUYMHON OJMH KYJIOH U 3apsijibl, COAepKaluecs
B MEJHOM IlIapuKe, 00beM KOTOPOTrO PaBeH BCEro-TO OAHOMY CaHTUMETpY KyOuueckomy. Ecmu xe
YUUTBIBaTh 3apsbl, BXOISAIIME B OOBbEMBI 3B€3]l M IUIAHET, TO OKAXKETCS, YTO HE TOJBKO BOJIM3U
MaCCHBHBIX T€JI, HO U B MEX3BE3/IHOM, MEKTaJIaAKTUIECKOM IPOCTPAHCTBE — B JIKOO0N TOUKE 0003pHUMOii
Bcenennoii — ecenenckoe neiimpansrnoe none nposagiaem ceos, no omuouwienuio kK IM gonnam, Kax
cpeoa, 0ona0aruwan 02pOMHbLIM 3HaAUeHUeM KoIhpuuyuenma meépoocmu.

[Ton BiMsSHUEM TpaBUTAIIMOHHBIX CHJI (DOPMHUPYIOTCS TPACKTOPUHU IUIAHET, 3BE3Jl, TAIAKTUK U
BCEr0 OCTAJIBHOTO BCEJIECHCKOTO BEUIECTBAa, YTO CBUICTEIBCTBYET OO0 OIPOMHOM 3HAUY€HUU
JNEHCTBYIOIIMX T'PAaBUTALMOHHBIX cUJ. BMmecre ¢ TeM AJIEKTpUYECKHE CUJIbl, JACUCTBYIOLIUE BO
BCEJICHCKOM HEUTpajbHO MOJIe, IPEBOCXOIAT B CBOEM 3HAYEHHH I'PAaBUTAIMOHHBIE CUJIBI OOJiee YeM B
1035 paz (upumep 1). DTo sBIAETCS elle OXHUM IOATBEPXKICHHEM TOTO, 4YTO B JIOOOH TOYKE
MIPOCTPAHCTBA BCEJIEHCKOE IOJIE MPOSBISET ceOsl, no omHowlenuio K pacnpocmpauaowumca IM
607IHAM, KAK Meepooe meno, Komopoe obiadaem 6ecbMa bICOKOU CMENneHblo MEEPOOCHU.

JIBa AyeKTpUYECKU HEHTPATIbHBIX TEJIa BCTYNAIOT BO B3aUMOJICHCTBUE MEXKTy COOO0M TOCPEICTBOM
noJieH, mpuHaaIexamux 3TuM TenaM. OIHako B IPOLECCe B3aUMOJICHCTBUS JBYX HEHTpaIbHBIX TEJ,
CHUJIBI DJIEKTPUYECKHUX TOJIEeH, MPUHAATEKAIUX MOJI0OKUTEIBHBIM 3apsiaM, KOTOPhIE BXOJAT B COCTaB
KQ)KJ0ro Teja, YPaBHOBEIIEHHBI CUJIAMHU JJIEKTPUYECKUX IOJEeH, MPUHAIIEKAUUX OTPULIATEIbHBIM
3apsaam. CrieZjoBaTeabHO, 3HAYCHUE PE3YIbTUPYIOIIUX CHII B3aUMOJICHCTBHS, MO BIUSHUEM KOTOPBIX
HaxXoJATcsl 00a pacCMAaTPUBAEMBIX TEJa, PaBHBI HYJII0. DTO 03HAYAET, YTO JABHMIKYILEECS IEKTPUUECKU
HEUTpaJbHOE TEII0O M CBSA3aHHOE C HUM HEWTpalibHOE TMojie He OyleT HCHBITHIBAaTh HUKAKOIO
IPOTUBOAECUCTBUS CBOEMY JIBM)KEHUIO CO CTOPOHBI HEHUTPAJBHBIX IMOJIEH, MPUHAJICKAINX JTHOOBIM
JpPYTUM  DJIEKTPUYECKHM  HEWTpaibHbIM  TenaMm.  (CleaoBaTelbHO, N0 OMHOWIEHUN) K
PACnRPOCMPAHAIOUWIUMCA ITEKMPOMACHUMHBIM 80JIHAM, 8CENICHCKOE HEllMPAlbHOe noJle NPOASIACH!
ceda, KaK meepoas eecbmMa NPOUHAA Ynpy2as cpedqa, a N0 OMHOWEHUI) K OBUICYUWUMCA
IEKMPUUECKU HEUMPAIbHbIM MEIaM 6CEIeHCKOe HellmpaibHoe NoJle npoasiaem ceds, KaKk cpeoa
C HY1e6bIM 3HaAYeHuem Kol duuuenma eazxocmu.

[TosryuaeTcst Tak, YTO «HECOBMECTUMBIE» CBOMCTBA MMIOTETUYECKOr0 3(upa: ero HeoObuaiiHas
TBEPAOCTb U OJHOBPEMEHHO HYJIEBAsl BA3KOCTb, OKA3aJIMUCh NPUCYIIH BCEIECHCKOMY HEUTPAIBLHOMY
nosito. Cne10BaTeNnbHO, 6CeeHCKOe HellmpanbHoe nojie 001a0aem Heco8MeCmuUMbIMU, KA3aa0ch Ovl,
ceolicmeamu mozo Ihupa, Komopuiii netmanucey 0onapyrcums Maiikenvcon u Mopau.

§6. Pazmepbl 3j1eMEHTAPHBIX 3JIEKTPHYECKHUX 3aAPA/I0B U UX
B3anMMO/IeliCTBHE C JJIEKTPOMATHUTHLIMYM BOJTHAMHU

3HaueHUE HANPSHKEHHOCTH IPHUHAJUIEKAIIETO TNy IPABUTALMOHHOTO MOJS MPONOPLHMOHAIBHO
Mmacce 3toro Tena. Cie1oBaTenbHO, €CIIU KaKoe-JIM00 MaKpoTeNo, TEPSET IEMEHTAPHYI0 YacTHUILy, TO
3HaYeHHE HANPSHKEHHOCTH, NMPUHAAJIEKAIIEr0 MAKpOTeNly TPaBUTALMOHHOTO TOJIA, B JIHOOOH TOYKe
3TOTO IOJIsI YMEHBIIAETCS NMPONOPLIUOHAIBHO MAcCe YTEPSHHOM TEJIOM YaCTHIBL. DTO O3HAYAET, YTO
2pasumayuonnoe nouae 11d020 mena — IMO Pe3yabmam 63aUMHO20 HANOHCEHUA ZPACUM AUUOHHBIX
nonei, NPUHAONEHCAUWUX 6CEM IIEMEHMAPHBIM HYACMUUAM, KOmMOpble 6X00Am 6 COCmag
paccmampueaemozo mena.

[Ton BIUSHUMEM TPaBUTALMOHHBIX CHJI (OPMHUPYIOTCS TPACKTOPHUM IUIAHET, 3BE€3[, TFalakTHK U
BCEr0 OCTAJILHOTO BCEJIEHCKOI'O BELIeCTBA, a HAOMIOJEHMs 3a JABWKEHHEM BellecTBa BceneHHOM
CBHUJICTEIILCTBYIOT O HEOTPAHWYEHHOCTH paaWyca JACHUCTBUA TpaBUTAlMOHHBIX cuil. W ecnam
IPaBUTALIMOHHOE I10JIE MAKpPOTEIa — 3TO PE3yJbTaT B3aUMHOI'O HAJIOKEHUs IPABUTALIMOHHBIX TOJIEH,
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MPUHAUICKAUX JJIEMEHTAPHBIM 4YacTHLAM, KOTOpbIE BXOISAT B COCTaB 3TOr0 MAakKpoTesa, TO
HAIPALIMBAETCS BBIBOJ O TOM, UTO KaAxcoas, umeruiaaca 6o Bcenennoit snemenmapuan yacmuuya,
odnadaem 2pasumayUOHHbLIM NOJIEM, PA3MEPbL KOMOPO2O0 HEOZPAHUUEHHbl. YTBEPXKICHUSI O
HEOTPAaHMYEHHOCTU  pa3MEpoOB  T'PABUTALMOHHOTO  IIOJII  CIPAaBEJIMBBI W B OTHOILICHUU
HEOTPAaHUYEHHOCTH PA3MEPOB 3JIEKTPUUECKOTO MOJIs, MPUHAJIEKAETO KaXXIOMYy 3JIEMEHTAPHOMY
AIIEKTPUYECKOMY 3apsiy.

W3BecTHbl 4eTblpe BHAAa (PYHIAMEHTAIbHBIX B3aUMOJCHCTBHII — 3TO CHJbHOE, ciaboe,
IPaBUTALMOHHOE U 3JIEKTPOMAarHUTHOE B3aWMOJEHCTBUA. YCTaHOBIEHO, YTO CHUJIBHOE M cllaboe
B3amMojeiicTBis  orpaHudensl  pamuycoM 107°M wu 1078Mm  coorBercrBenno. McrouHHKH
rPaBUTALMOHHOTO (Macca) U 3JIEKTPOMArHUTHOTO (3JIEKTPUUYECKUM 3apsil) B3aUMOICUCTBUSI CUMTAIOTCS
TaKUMHU, YTO MPOSBIISAIOT ce0s1 HA HEOTPaHUYCHHO OOJIBIIOM paccTOSTHUU. BmecTe ¢ TeM, yTBepkKaeHUs
0 HEOrpaHMUYEHHO OOJIBIIIOM PACCTOSIHUN HE CBSI3BIBAIOT KAKUM-JINO0 00pa3oM ¢ BETMUMHON MacChl WIIN
BEJIMYMHOW 3apsifa, CIEI0BATEIIbHO, 000U 2/1eMeHmMAapHblil IJ1eKmpuiecKuil 3apao ooaadaem
HeOZPaHUYeHHO OOTbUIUM PAOUYCOM 83AUMOOECIICMEUSL.

Pa3mepsl a1eMEeHTapHBIX AJIEKTPUUYECKUX 3apsAI0B HHUKOMM OOpa3oM HE 3aBHCAT OT pa3MepoB
YyacTUll, SBJISIOLIMXCS HOCHUTENSIMU  JJIEMEHTapHbIX 3apsnoB. HeorpanuueHHocTh panuyca
3JIEKTPOMArHUTHOTO B3aMMOJICHCTBHS YKa3bIBaeT HA TO, YTO XOTS BechbMa HEOOJbIIAs MO pa3Mepam
AJIEMEHTapHAas 4aCTULA-HOCUTENb AJIEKTPUUYECKOIO 3apsiia U SBJSETCSI HEOThEMIIEMOM COCTABIISIOIIEH
3apsAia, HO KaK]Iblil AJIEeMEHTapHbIN JIEKTPUUECKUN 3apsi — 3TO, B IEPBYIO OYEpE/b, IPUHAJIECKALIEE
3apsy 2JIEKTPUYECKOE II0JIe, pa3Mepbl KOTOPOro He HMMEIOT rpaHull. CrenoBaTelIbHO, KatcOblil
cywecmeyrouwiuil 60 Bceenennoil snemenmapHulii 31eKmpuiecKuil 3apao umeem HeopaHuyeHHbvle
pasmepbl, nO3IMOMY RPUCYHICHIEY e 00OHOBPEMEHHO 60 6CEX MOUYKAX 6CENEHCKO20 NPOCMPAHCMEa, U
3aAa614em OH 0 C60eM RPUCYHICMEUU CEOUM INEKMPUYECKUM NOJIeM, KOmopoe 8 J11000ii MOMEHm
épemenu 20moeo ecmynump 60 e3aumooeiicmeue c¢ IM eonnamu, uzyuaemvimu Ja0OLIM
UCMOYHUKOM.

CreneHp NposiBICHUS NMPUCYTCTBUS 3apsiia B TOW WM MHOW Touke BceeneHHol ompenensercs
3HAQUEHUEM HAIPSHKEHHOCTH MPUHALICKAUIET0 3apsay SJIEKTPUUECKOro IoJis, a 3HAaueHHUe
HANPSDKEHHOCTH HAaXOAMUTCS B 0OpaTHON KBAaApAaTUYHOW 3aBUCHMOCTH OT PacCTOSHUS, Pa3JIeNsIOIIEro
YaCTULY-HOCHUTEIIb 3apsa U HHTEPECYIOIIYIO HAac TOUKY BceneHHoi.

3HaueHUe FIEKTPUUECKON HAPSHKEHHOCTH OTIpeAesieT HNHTEHCUBHOCTD B3aUMOAECHCTBUSI — CUITY,
C KOTOPOM DJIEKTPUUECKUH 3aps] B3auMoaencTByeT ¢ OM BonHaMmu. CienoBarenbHO, ecii DM BOJIHBI
TEHEpUPYIOTCS Ha MOBEPXHOCTU 3€MJIM, TO D3JEMEHTApHBbIE 3JEKTPUUYECKHE 3apsijbl, BXOJSIINE,
HanpuMep, B cocTaB JIyHBI, MCIBITBIBAIOT BEChbMa HE3HAYMTEIBHOE CHJIOBOE BIIMSHHME CO CTOPOHBI
reHepupyeMbix Ha 3emsie OM BosH. B TO ke Bpemsi, DM BOHBI, TPUOIMKAACh B IPOIECCE CBOETO
pacripocTpaHeHus K mHoBepxXxHocTH JIyHbI, ObICTpO (B KBaJpaTH4HOM 3aBUCHMOCTH) YBEIHMUYMBAIOT
MHTEHCUBHOCTH CBOETO B3aMMOJIEHCTBHS C JIYHHBIMU 3JIEKTPUUYECKUMH 3apsiiaMU. A B3aUMOJICHCTBUE C
3eMHBIMHU 3apsJaMH, XOTd U ocjlabeBaeT B TOW K€ KBaJApaTMYHOW 3aBUCHMOCTH, HO COXPaHSETCS B
TE€YEeHHE BCEr0 BPEMEHHM CYyIecCTBOBaHUs DM BOJIH.

Bce cymectByromue Bo BeeneHHON 3neMeHTapHbIE 3apsabl OJHOBPEMEHHO IPHUCYTCTBYIOT BO
BCeX Toukax BceneHHOMH, TOTOMY BCE 3T 3apsijibl, IOCPEICTBOM MPUHAAISKALIUX UM JIEKTPUUECKUX
1oJiei, MTHOBEHHO BCTYIAIOT BO B3aUMOJIEHCTBUE C T€HEPUPYEMBIMU KaKUM-ITHOO MCTOYHHKOM DM
BosiHaMU. OJHAKO YacTULIBI-HOCUTENN 3JIEMEHTAPHBIX AJIEKTPUUYECKUX 3apsiioB pearupyroTr Ha OM
BOJIHBI TOJIBKO IIOCJIE TOTO, KaK 3TH BOJHBI, PACIPOCTPAHSACH, AOCTUTHYT CaMHUX OSTHX YacTHUL.
CnenoBarenbHO, €CIIM YacTUILIa-HOCUTEh 3JIEMEHTAPHOTO 3apsijia HaXOJIUTCs, HallpuMep, Ha 3Be3Je
Cupuyc, TO 3TOT 3apsi] MTHOBEHHO BCTYIUT BO B3aMMOJEHCTBHUE C I€HEpUPYEMBIMH Ha 3emie OM
BOJIHAMH, @ YaCTULA-HOCUTENb 3TOTO AJIEKTPUUECKOI0 3apsa CpearupyeT Ha 3T BOJHBI TOJBKO Yepes
8,8 200a — uepes BpeMs, B TEUEHHE KOTOPOTO pacnpocTpanstonirecs M BoiHbI 1ocTUrHyT Cupmyca.

Takoil xapakTep B3aMMOAECHMCTBUS 3JIEKTPUUECKUX 3aps/IOB, MOXKHO OOBSCHUTH TEM, YTO
AIIEKTPUYECKOE TIOJIe JIIOOOr0 AIIEMEHTAPHOTO HIIEKTPUYECKOTO 3apsiia MOJBEPKEHO YIpyrou
nedopManuu. ITO TOATBEP)KIACTCSl paHee NPUBEACHHBIMU J0Ka3aTeIbCTBAMHU TOTO, 4YTO JI00OE
HEeUTpalbHOE 10JIe HAXOAUTCA MO JeMCTBUEM CHII YIPYTOCTH, TO3TOMY JIF000€ HEeHTpaibHOE Moje U
AIIEKTPUYECKOE TOJIE JHO0ro 3JIeMEHTapHOro 3apsia CHocoOHO nedopMHUpOBATHCS IMOJA BIUSHHEM

10



JIEHCTBYIOLIEH HA HETO CWJIBl. JTO MOATBEPXKIAIOT U PUCYHKH, Ha KOTOPBIX CHJIOBBIMHU JIMHHUSIMHU
U300pakeHbl DJIEKTPUYECKHE TMOJS JBYX TOUYEYHBIX WM CHEPUUYECKUX DICKTPUUYECKUX 3apsIOB.
YenuHEeHHbIE 3IeKTPUYECKUE 3apsibl 00JaAat0T ANEKTPUUECKUMU MOISIMH, CUIIOBBIE TUHUH KOTOPBIX
IPSIMOJIMHENHBI, a Y B3aMMOJICHCTBYIOIIUX 3aPsi10B MIEKTPUUECKUE CUIIOBBIE TUHUM UCKPUBIIEHBI, YTO
CBUJIETENBCTBYET O JAedopmaiuu 3JeKTpuueckux mojeil. CrenoBarenabHO, 2aeKmpudecKkoe noie
Kaxc0020 31eMEeHMAPHO20 31eKMPUIecKo20 3apada, d 3HAYUM U _cam IMom 3apad — 3mo ynpyzoe
HEO2PAHUYEHHOE 8 C6OUX PA3Mepax meo.

§7. Hasiuume 3¢pupa noATBEPAAT IKCIEPUMEHTbI

O4eBHIHO, YTO TOJBKO PE3yJIbTaThl OMBITOB MOTYT OKOHYATEIHHO yOEIUTh HAC B TOM, YTO
BCEJICHCKOE HEUTpAJIbHOE TOJIE SBISCTCA d(PUPOM — CPEIOH pactpoCTpaHEHHUs 3JICKTPOMarHUTHBIX
BOJIH. BOT ¥ MpUCTYNMM K pACCMOTPEHHIO CYTH BO3MOXHBIX OITBITOB, IIO3BOJISIFOIINX OOHAPYXKUTH dPUP.

Hcnonb3oBaHue yCTPOUCTB PaJMOCBSI3M — 3TO SKCIEPUMEHTAIBLHOE MOJATBEPKICHUE HATAYUS
a¢upa, ONMcaHue ITHX IKCIIEPUMEHTOB IPUBEICHO B §2, HO MOXKHO IMPOBECTH U JPYTHUE IKCTICPUMEHTHI,
pe3yNbTaThl KOTOPBIX MOATBEPIAT HAIU4YHE dupa.

OneIT ¢ KaMyIIKOM 3HAaKOM BCEM, TIOTOMY KakK 3TOT OIBIT SBISETCS OJHON W3 JIETCKHUX 3a0aB.
[Tnockuii kKamyIiek, OpOIICHHBIN MapallieIbHO CIIOKOMHOW BOJHON MOBEPXHOCTH, HAaXOAMUTCA IOJ
JNEUCTBUEM CHJI TSDKECTH, MOTOMY TPAEKTOPHS KaMyIlIKa OKa3bIBACTCS TaKOM, YTO OH, MHOTOKPATHO
yaapssicb O BOAHYIO TNl M MOANPHITUBAs, OyAeT ABUTAThbCA 1O TEX IMOp, MOKa HE yTPATHT CBOIO
CKOpOCTh. Kaxk10€ CONPUKOCHOBEHUE KaMyIIIKa C BOJHOM MOBEPXHOCTHIO TPUBOIUT K TOSIBJICHUIO BOJIH
Ha NOBEPXHOCTH BOJIbl. CKOPOCTh paclpOCTPAaHEHHUsI BOJIH OJJMHAKOBA BO BCEX HAIIPABJICHUSX, IOATOMY
BOJIHBI O0Opa3yloT pacXosIIMecss OKPY>KHOCTH, LIEHTPhl KOTOPBIX COBHAAAIOT C TOYKaMHU
CONPUKOCHOBEHMSI KaMyIIlIKa C BOJHOM MoBepXHOCThI0. Takas popma BOJIH CBHAETEILCTBYET O TOM, YTO
CKOPOCTh PacIpoCTpaHEHHUs BOJH HUKOMM 00pa3oM HE 3aBUCUT HU OT CKOPOCTH, HU OT HAIPABJICHHS
JBWKECHUSI KaMyIlIKa, SIBJISIOIIETOCs HCTOYHUKOM BOJH. CKopocmwv 601H éceyeno 3aeucum om
ceolicme moii cpeodwvl, 6 KOMOPOI IMU 60JIHbL PACHPOCMPAHAIOMCA .

MHora BhICKa3bIBAIOTCSI MHEHHUS O HEOOXO0IMMOCTH MPOBEJICHUS OMBITOB MaiikenbcoHa — Mopiu
B YCJIOBHSIX, KOTJIa MCTOYHHMK CBETa JIBIJKETCS OTHOCUTEIBHO HHTEepdepomeTrpa. OIHAKO OIBIT C
KaMYIIKOM CBUJETENICTBYET O TOM, YTO PE3yJIbTaThl ONBITOB MaiikenbcoHa — Mopiin, MPOBOAUMBIX C
JIBIDKYIIMMCST UCTOYHMKOM CBETa, HE OYIyT OTIUYAThCS OT pPe3yJbTaTOB OIBITOB, KOTOPHIC
MPOBOJIUJIUCH C HEMOABM>XKHBIM HCTOYHUKOM CBETA.

OMNBIT ¢ KAMYIIKOM MO>KHO TIOBTOPUTH Ha BOJHOM MOBEPXHOCTH IJIABHO JIBIKYIIETOCS BOJIHOTO
noTOKa. Takoii OMBIT MO3BOJISIET BU3YAIbHO HAOMIOAATh, KaK KPYTH PACXOISIIUXCS BOJIH YBJICKAIOTCS
JBIDKYIIUMCS BOJHBIM TOTOKOM. ClieioBaTeNbHO, pe3ynvmamost onvimoe Maiikenvcona — Mopau
OKAMCYMCA NONOHCUMEbHBIMU, eC/IU UHmephepomemp 08UMHCEMCA OMHOCUMENbHO IPupa unu
Iup nepemewaemca ommocumenvHo uHmepghepomempa, Kaxk paz 011 MAKUX ONLIMOE U
cozoaeanca unmepgepomemp.

OneiTel MaiikenbcoHa — Mopnu 1enecooOpa3HO MPOBOIAUTH B YCIOBHUAX KocMoca. Ecmu
uHTEep(HEPOMETP YCTAHOBUTH Ha KOCMHUYECKOM armapare, To OH OyIeT ABUTAThCSl OTHOCUTEIBHO d(upa,
a HEeJOMyCTUMBbIe BUOpanuu OyAyT OTCYTCTBOBATh, Y€ro TPYAHO, @ TO U HEBO3MOXKHO JOOUTHCS B
3eMHBIX ycioBusax. K Ttomy ke, ¢ yu€rom crnenupuku Kocmoca BO3MOXHBI yCOBEPIIEHCTBOBAHMS
uHTepdepomeTpa, U €cI MHOTOKPATHBIE MpeJnoiaraeMbie (pacyeTHbIe) MOKa3aHus HHTephepoMeTpa,
COBIAIYT C PE3yJIbTaTaMH IKCIIEPUMEHTOB, TO 9TO M Oy/IET MOATBEPKICHHEM HAIN4IUs ddupa.

B Kocmoce MOXHO MpOBECTHM HE TOJBKO ONbITHI MaiikenbcoHa — Mopiau, HO U OIBITHL IO
M3MEPEHHUIO0 CKOPOCTH CBETAa. 3HAUYEHUE CKOPOCTH CBETA, M3MEPEHHOE B YCIOBHUSAX KOCMOCA, MOJKET
okazatbcs kak MeHbiie 300 000 km/c, Tak u Oosblie 3TOro 3HaueHus. M B 3TOM ciy4ae, eciiu
MHOTOKpATHBIE TMpeAroiaraeMbie (pacueTHbIC) 3HAUCHUSI CKOPOCTH CBETA, COBIAIYT C PE3yJIbTaTaMHu
OKCIIEPUMEHTOB, TO 3TO W OylIeT MoATBepkAeHWeM Hanmuuus d¢upa. Kocmudeckas ycraHOBKa,
M3MEpSIoNIas CKOPOCTh CBETA, I0JKHA YUUTHIBATH TOJIBKO 0OHOCHIOPOHHUIL X00 C8EM 08020 UMNYIbCA.
Ecnu yuuthiBaTh mpsMONl M OOpaTHBIN XOJ HMMIIYJIbCA WU KAKYIO-TUOO Opyzylo 3aMKHYMYIO
mpaexmopuio IMIyJbca, TO PE3yJAbTaThl U3MEPEHUIN OKAXYTCSI OTPUIATEIbHBIMH.
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Opnaxo Kocmoc — 310 1aneko, 10poro 1 He BCEM JOCTYIHO, T03TOMY Oy/eM rnojaraThcsi Ha 0olee
MIPOCTHIC OTBITHI, KOTOPHIE HAMPABJICHBI HA UCCIIENOBAHUS d(pHpa U MPOBOAITCS B 36MHBIX YCIOBUSIX.
MOXXHO TMpOBECTH OMNBITHI IO PETUCTPALMKA MArHUTHOTO TIOJS, HABEIEHHOTO JBIKYILIUMCS
AIIEKTPUUYECKUM 3apsAoM. Pe3ynbTaTel TaKUX ONBITOB OYyT CBHIIETEIBCTBOBATH O HATMYUU dupa.

B yuebnuke «®wuszuka» [3] Ha ctp. 105 mpuBeneHsl nBa pucyHka. Ha puc. 101 uzoOpaken
HaXOJSIIMKCS HA TEJNEKKE MaJbUMK, KOTOPBIA JIBUKETCA BMECTE C TEJIEKKOW M HAXOIALIUMCS Ha
TEJEKKE 3apsiioM, CIEOBATEeNbHO, 3apsii HEMOABM)KEH OTHOCUTEIBHO MajbiMKa, IIOSTOMY Y 3apsaa
OTCYTCTBYET HaBeleHHOe MarHuTHoe nose. Ha puc 102 n300paxkeH HENMOABUIKHO CTOSIIIMN Ha 3emile
TOT € MaJb4MK, MUMO KOTOPOI'O ABM)KETCS Ta K€ TENeKKa C HaXOJAIIMMCS Ha HEeH 3JIeKTPUYECKUM
3apsaoM. B aTOM ciyuae 3apsi ABMXKETCS OTHOCHUTEIBHO MAab4MKa, IIO3TOMY 3aps]i HAaBOAUT
MarHuTHOE TOJI€. DJIeKMPUUECKUIL 3apPA0, OBUNCYUWUILCA OMHOCUMETbHO Haba00amens, Hagooum
8uUXpesoe MAZHUNHOE NoJle — 3TO BECbMa PacIpOCTPaHEHHOE, HO JAJIEKO HE OECCIIOPHOE YTBEPXKICHHE,
BCTpeUarouieecsi He TOJbKO B IIKOJBHBIX Y4eOHUKAX, HO W B JUTEpaType, MpelHa3HAauYeHHOW s
CHEHATNCTOB U HAYYHBIX PAOOTHHKOB.

MBICTIEHHO YCIOKHUM JKCHEPUMEHT, OMUCAaHHE KOTOPOTO NMPUBEICHO B IIKOJIHLHOM y4EOHHKE
«®Duzukay [3]. Ilpenmnonoxum, 4To 3a OJHUM 3apsAOM, HAXOMSIIUMCS Ha JBWXKYIIEHCS TEIEKKE,
OJIHOBPEMEHHO HAOII0IAI0T /1B MaJIbuKKa, OJMH U3 HUX HAXOAUTCS Ha IBIXKYILEHCS TEIEeKKE, a BTOPOU
HENOJIBUYKHO CTOMT Ha 3emie. B 3ToM ciywae, 3apsii HaBOAUT MarHUTHOE I10J€ OTHOCHUTEIBHO,
CTOAILETO Ha 3eMJIe Majb4MKa, HO, KaKk yTBepxkaaeT yueOHuk «®Duzukay [3], 3apsa HEe HABOIUT
MarHUTHOT'O TOJISl OTHOCUTEIBHO MaJIbuMKa, HAXOSILErocs Ha TEJEXKKE.

Haxopsmmuiics Ha Tenexke 3aps MOKHO MOJIBECUTh HA UTMHHON HUTH M IOMECTUTH STOT 3apsl
B MarHUTHOE TI0JI€ CTOPOHHET0 MarHuTa. B aToM cityuae HaBeJeHHOE 3apsI0M MarHUTHOE ToJie OyneT
B3aMMOJICHCTBOBATH C MATHUTHBIM TOJIEM CTOPOHHET0 MarHuTa, MO3TOMY CTOSIIUI Ha 3eMJIe MalTbUHK
YBUJAMT, YTO MOJBELICHHBIA Ha HUTH 3apsi/i OTKIIOHSETCS B CTOpoHY. OJIHAKO MaJb4MK, HAXOSAIIUNCS
Ha TeJIeXkKKe, He OOHAPYKUT OTKJIOHEHHUE 3apsia MOTOMY, YTO OTHOCUTEIHHO 3TOTO MaJb4YHKa 3apsij He
HAaBOJWUT MAarHUTHOIO IIOJIS, IIO3TOMY OTCYTCTBYIOT CHJIbl, CIOCOOHBIE OTKJIIOHUTH 3apsil.
CrnenoBarenbHO, MalbUUK, CTOSILIMNA Ha 3eMJjie, OOHAPY>KUT OTKJIOHUBIIMICS 3apsii B OAHOW TOYKE
IIPOCTPAHCTBA, a MaJbUMK, HAXOJAIIMICA Ha TEJIEXKKE, OOHAPYKUT, YTO TOT XKE, HO OCTABILUKCA
HEIOJIBUKHBIM 3apsJl, HAXOAUTCS B IpYroi TOUKe MpocTpaHcTBa. [lomydaercs Tak, 4TO OOUH U TOT K€
3aps] OJTHOBPEMEHHO HAaXOJWTCS B JIBYX Pa3IMUHBIX TOUKAX IMPOCTPAHCTBA, a 3TO YK OUYEHb CHUIIHHO
CMaxuBaeT Ha MUCTUKY. HO HE CTOUT MATH HA TOBOJY MUCTHKH, JTy4Ille MPOAOJIKUTH SKCIIEPUMEHTHI.

HeobOxonnMo yaannuTe MalnbuuKOB U JTHOOBIX IPYTUX OAYIIEBIEHHBIX HA0t01aTeNNel, 1 OCTaBUTh
TOJILKO 3apsA] M OeCCTpacTHbIE HEOAYIEBIEHHBIE YCTPOHCTBA U MPUOOPHI, PETUCTPUPYIOLINE HATTMYNE
HABEJEHHOI'0 3apsA0M MarHUTHOIO NoJisl. B 3TOM citydae Tenexkka BMECTe ¢ 3aps oM OyJeT ABUTaThCs
co ckopoctbio 30 km/c BMecTe ¢ 3eMiiéid, B mporiecce e€ OpOUTANIBHOTO IBIKEHUs, CO ckopocThio 200
Kkmlc BMecTe ¢ COTHEUHOM CHCTEMOI, B Ipotiecce qBrkeHus COJTHIIA OTHOCUTEIBHO IIeHTpa [ alak THKH.
OMHOBPEMEHHO C 3THUM MHOXXECTBO OJYIIEBJICHHBIX M HEOAYIIEBIEHHBIX OOBEKTOB, HAXOASLIUXCS
BOJIM3M 3aps]ia U yIaJeHHBIX OT 3apsjia, MOTYT JBUTaThCs OTHOCUTENBHO 3apsija, U HU OJHO U3 BCEX
NIEPEYUCIICHHBIX BBIILIE IBMKEHUI HE IPUBENET K HABEICHUIO 3apsIOM MarHUTHOTO nosist. Maznummnoe
none y 3apaoa noAGNAEMCA MOALKO 6 MoM ciydae, K020a 3apad OBUMNCEMCA OMHOCUMETbHO
nosepxnocmu 3emu.

Ecnu BBIMONHUTE 3KCHEPUMEHTHI C IBUKYITUMCS SIEKTPUUECKUM 3apsiIoM, TO Pe3yIbTaThl TAKUX
HKCIIEPUMEHTOB, OYAYT MMETh BHYIIUTEIbHYIO HAYYHYIO IEHHOCTb, MO CIEAYIOUIMM MPUYHHAM.

Bo-nepBbIX, MarHuTHOE MOJI€ HABOJUTCS 3JIEKTPUUYECKUM 3apsiIOM TOJIBKO B Cllydae JIBUXKEHUS
ATOrO 3apsiia OTHOCUTEIBHO MOBEPXHOCTH 3emiu. CienoBarenbHO, 3eMile IPUHAAIEKUT HEKas cpenia
U OTON CPENIoN SIBISIETCS HelmpanvHoe d1eKmpuieckoe nose, Komopoe 6 macuimabdax Bcenennoi
ucnoaunsaem poiv 3gupa — poilb CPebl paCIpOCTPAHEHUS JIEKTPOMArHUTHBIX BOJIH.

Bo-BTOpBIX, pe3yabTaThl ONBITOB C JBUXKYIIUMCS 3apsAOM YOEKIAtOT B TOM, UYTO HAGEOeHHOe
MAZHUMHOE noJ1e — IMO 603MYU|CHUA HEUMPATIbHOZ20 N0, 6bI36AHHBIE OBUNCYUUMCA 6 IMOM noJle
anekmpuueckum 3apaoom. CienoBaTelbHO, MarHUTHOE I0J€ — 3TO CBOEOOpa3Hble COBMECTHBIE
«3aBUXPEHUSD» HEUTPAIBHOTO TOJII M AJIEKTPUUECKOTO IMOJsl, MPUHAMJIEKAIIETo 3apsay, KOTOpPbIH
JBUKETCS B HEUTPAJILHOM I10JI€, — 3TOT (paKT MOATAIKUBAET K IEPEOCMBICIIEHUIO CYTH MAarHUTHOTO TTOJISI
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1 K HE0OX0IUMOCTH O0J1ee ri1y00KOTo MO3HAHMS IPUPOJIBI MATHUTHOTO TIOJISI.

B-Tperbux, pe3yabTaThl OMNBITOB C JBKXKYIIMMCS 3apsoM TO3BOJSIOT JaThb OTBET Ha
HEpa3pelI€HHbI 10 3TOr0 BOMNPOC — IMOYEMY JBa IPOBOJHHUKA, MPOBOASIIMX TOKH OJMHAKOBBIX
3HAYCHUI ¥ HAIPABJICHUM, HAXOASATCS MO/ IEHCTBUEM MarHUTHBIX CHJI B3aUMHOTO npuTsbkenus? Eciamn
JIBa OJIMHAKOBBIX MapaICIbHBIX MPOBOJHUKA MPOBOJAT TOKH OAMHAKOBBIX 3HAYCHUH M OJMHAKOBBIX
HaIpaBJCHUM, TO B 3TOM CJIy4a€ CKOPOCTH YHOPSJAOYECHHOTO JIBHXKEHHS 3aps/ioB MPOBOIUMOCTH
OKa)KETCSl PABHOBEJIMKON B 000MX MPOBOJIHHUKAX, TOATOMY 3aps bl IPOBOJMMOCTH OJHOTO IMTPOBOTHUKA
OKaXXyTCsl HEMOJABUKHBIMH OTHOCHUTEIBHO 3aps/I0B MPOBOJAUMOCTHA BTOPOTO NMPOBOAHHMKA, U 3TO HE
MeIIaeT HaBEJACHUI0O MAarHUTHBIX MOJIEH oOouMM TpoBOAHHMKaMHU. CleaoBaTeIbHO, HU JIBHIKCHHUE
3apsI0B JPYT OTHOCUTEIBHO JPYra, HU JBKECHUS 3apsiIOB OTHOCUTEIHHO CTOPOHHETO HAOIIOAATEs,
HU Kakue-I11M00 WHBIE ABMKEHUS HE MOTYT IIPUBECTH K HABEJACHUIO MATHUTHOTO 1OJs. Eouncmeennoii
HPUYUHOU HABEOEHHO20 MACHUMHO20 NOJA AGNACMCA O08UMNCEHUE INEKMPUYECKUX 3apA006
OMHOCUMETbHO HEUMPATLHO20 IIEKMPUUECK020 oA (OTHOCUTEIHHO IIOBEPXHOCTH 3EMITH).

Kak BHIUM, ONBITHI C ABMXKYIIUMHUCS DJICKTPUUICCKUMH 3apsaaMH MOATBEPAST, (HaKT HaTUIUs
a(dupa, MO3BOIAT IIy0XKe MO3HATH MPHUPOAY MArHUTHOTO TOJIsSI M HANTH OTBETHI Ha HEpa3pelInMbIe
JIOCEJIE BOIIPOCHI.

§8. Heo0xogumMocTh najibHelero uccjaeaoBanms 3pupa

Jlo Hacrosmero BpeMEHM OTHOLIEHHWE O(UIMATIbHOW HAyKH K 3JIEKTPUYECKOMY IIOJIIO,
IPUHAJISKALIEMY 3JIEKTPUUYECKH HEUTPAIbHOMY BEIIECTBY, ObLIO TAaKUM, KaK €Ciu Obl TaKoe I0JIE B
npupone He cymectByeT. OIHAKO M3ydyeHUE HEWUTPAIBHOTO IOJIA, B YaCTHOCTH, M BCEJIEHCKOIO
HEUTPaILHOTO OIS, B IIEJIOM, 00OTaTUT HAYKY HOBBIMHU OOIIMPHBIMU TTO3HAHUSIMH.

HaOnronas 3a nBHKEHHEM 3Be3/1, yUEHBIE HHOT/IA ONPEAEIISAIOT MOJI0KEHNE ITUX 3BE3]l, KOTOpPbIE
OHM 3aHMMAJIM HECKOJBKO THICSUENETHH Hazaa wid OyayT 3aHMMaTh MO MPOUIECTBUU HECKOJIBKUX
TeIcssueneTui. Ilpu 3TOM ydeHble He YUUTHIBAIOT TOT0, YTO 3(UP NPUHAISKUT BellecTBY BeeneHHoi,
[I03TOMY MOJBUXHOCTh 3(Hpa HAXOIUTCSA B MPSAMONW 3aBUCHUMOCTH OT HOJBHUYKHOCTU BCEJIEHCKOIO
BenlecTBa. CenoBaTENbHO, YYEHBIE HE YYMTBHIBAIOT TOrO, KyJa M HACTOJIIBKO 3a MPOIIECIIINE WIN
Oyayliue ThICSYENEeTUsI CMELIAeTCsl BEIEeCTBO, a BMECTE C HHUM CMelaercs M cam 3¢pup, u
pacrpocTpaHstomuiics B 3¢dupe cBeT, WAYMMHA OT Jan€KuxX 3Be37, M 3TO BHOCUT OIPOMHBIE
HENpeCKa3yeMble MOTPEIIHOCTH B BBIYMCIIEHUS YUEHBIX, ONPEIEISIIOIINX OJI0KEHUE 3BE3 1.

DneKkTpuiecKas HapsHXKeHHOCTh HEUTPaIbHOTO MOJISL, TO €CTh MJIOTHOCTh A(Hpa, B HEKOTOPOI €ro
TOUYKE, HAXOAUTCS B 00paTHOM KBa[paTUUHOM 3aBUCUMOCTH OT PACCTOSIHUS, Pa3AEISAIONIEr0 YKa3aHHYIO
TOUYKY M DJIEKTPUYECKH HEUTPAIBHOE TEJI0, KOTOPOMY IMPUHAIJIEKNAT PACCMATPUBAEMOE HEUTPAIIbLHOE
nojue. CiesoBaTenbHO, BCEIEHCKOE HEUTpalIbHOE 10JIe — 3(UpP — 3TO Cpeia, HEOJHOPOAHOCTh KOTOPOH
3aBHCUT OT HEPaBHOMEPHOCTH pacnpezeneHus Bemectsa Beenennoil. Ckopocts pacnpocTtpaneHus OM
BOJIH 3aBUCHT OT IJIOTHOCTH 3(hHpa — OT HANPsSKEHHOCTH BCEJIEHCKOTO HEHTpaNbHOro mnouis. B cBs3u ¢
THUM BO3HMKAae€T BOIPOC: HACTOJIBKO MpPaBWJIBHO BOCHPHUHMMAaeM Mbl MH(popmauuio o BceneHHoOI,
KoTopasi moHocurcs Ham OM BonHamu? To ecTh CyHIeCTBYeT BONPOC: HACTOJIBKO COOTBETCTBYET
NEeNCTBUTENBLHOCTH HaOoaemMasi HaMu KapTtuHa BceeneHHoN? B03MO0XXHO «KpacHO€ CMEIEeHUe» U
«B3pbIBaroIascs Beenennas» — 3To He 6osiee ueM onTHIecKuit ooman?

3Be3/1aM U IUIaHeTaM MIPUHAUIEKAT HEUTpaIbHbIE M0, MMeronue (GopMsl chep, Clie0BaTENBHO,
HEUTpalbHbIE MO 3BE€37 M IUIAHET — 3TO CBOEOOPA3HbIE ONTHUYECKHUE JIMH3BI, KOTOPHIE BHOCST
JOTIOTHUTEIbHBIE UCKAXEHHS B KapTUHY HaOIogaeMoi Hamu BeenenHoil.

Camas crnoxkHast 3aJa4a, pelieHre KOTOPO MO3BOIMIIO ObI CO3/1aTh AP PEKTUBHBII TEPMOSICPHBIN
PEAKTOp — 3TO yAep>KaHUe IUIa3Mbl B 33JaHHOM pabodeM oObeme. Y iepKaHue MIa3Mbl OCYIIECTBISIETCS
C ITOMOIIBI0 MArHUTHBIX MOJIEH, U €CIIM J0 HACTOSIIEr0 BPEMEHU HE CO3/laHa HaJeKHas JIOBYILIKA JJIs
IJ1a3Mbl, TO IPUYUHON TOMY SIBJISIETCS, BO3MOXKHO, HE /10 KOHIIa TO3HAHHAsI TPUPO/1a MAarHUTHOTO TMOJIS.
HaBenenue MarHUTHOrO TOJS TPOMCXOJUT B pe3ysbTaTe BO3MYILEHHH 53Qupa, U BO3MOXKHO,
pa3o0paBUIKCh B 3TOM, MOKHO CTOJIb INIYOOKO MO3HATh MPUPOJY MAarHUTHBIX IOJEH, 4TO CO3JaHHe
Ha/Ie)KHON MarHUTHOM JIOBYIIKH JJIs IJ1a3Mbl He Oy/JIeT MPeACTaBIATh IPOdIieM.

He moanexut COMHEHHUIO TO, YTO MPU KOHCTPYMPOBAHUU M Pa3pabOTKe MpHUEMO-TIepeqaroninX

13



paMOaHTEeHH HEOOXOAUMO YUUTHIBAaTh HAIMUUeE 3upa — cpesl pacupocTpaHeHuss OM BOJH.

Her oTBeTa 1 Ha Takoii BOIIPOC, a HE MOSBSTCS JIK 00Jiee COBEPIICHHbIE, YeM HbIHE CYIIECTBYIOIIHE
JJIEKTPUUECKUE MAIIMHBI, T03HAH MBI O0JI€e MOIHO NPUPOLY HEHTPaILHOTO MOJIs?

CkopocTH M MaHEBPEHHOCTH COBPEMEHHBIX KOCMMUYECKHX allllapaToB BECbMa OIPaHUYEHBI, a
pEaKTUBHbIE JBUTaTedd Majno3(p(EeKTUBHBI, JOPOrOCTOSAIIME, a BO MHOIMX CilIydasx ele u
OJTHOKpaTHOTO mpuMeHeHus. CaMblii OOJIBIION MOPOK PEAKTUBHOTO JIBUTATENsl — €r0 BeChbMa HU3Kas
CTENEHb HAJEXKHOCTH U CBSi3aHHAas C 3TUM upena karactpod. M 3To mpuTOM, 4YTO NPUHLUIY
PEaKTUBHOTO JBM)KEHUS BO3MOXKHA allbTepHATHBA. BeeneHckoe HeUTpaabHOE 1oJIe MPOSIBIISIET ceOst, o
OTHOLICHHIO K OM BOJIHaM, Kak BeCbMa IPOYHas TBEpAAs cpena. B ¢Bs3u ¢ 3TUM BO3HHMKAET BOIIPOC: a
HeNb3s JM C MOMOILIp0 DM BOJH omeperbcs 0 HelTpanbHoe mose? W ecnu MOXKHO, TO, KakuX
KOCMHUYECKMX CKOPOCTEH MOJYKHO JOCTHYb, OTTAJIKUBAsACh OT HEWTPAIBHOIO IO, W HACTOJIBKO
COBEpIICHHBIMH U 3((EKTUBHBIMU MOTYT OKa3aTbCs OTTAJIKUBAIOMIMECS OT A(Hpa IBUTATEIN?
[TosiBnsieTcs Hazexknaa, 4to B Onmxkaiiiiee Bpemsi, UCHOb3ys dHepruio CojiHIA U OTTAJIKHUBASCh OT
HEUTPAJIBHOIO I10JI5, MOKHO OpraHU30BaTh NojeT K JIyHe mnu Mapcy v OKaKkeTcsl, 4TO TaKOM MOJIeT He
6oJiee XJIOMOTHOE 3aHATHE, YEM T0€3/1Ka B IPYrOi KOHEL ropoJia K Telle Ha OJIMHBI.

MBI ONBITAIUCH JIMIIb CJIErKa «IIPUKOCHYTHCS» K 3QUPY, U cpa3y, CKOJIbKO BOIIPOCOB, PEIICHHE
KOTOPBIX MOKET ITPUHECTU OTPOMHYIO HAyYHYIO ¥ IPAKTUUYECKYIO I0JIb3Yy. M HUKTO CEroiHs HE 3HAET,
CKOJIBKO HE MEHEe aKTyaJlbHbIX BOIPOCOB MOXKET IOSBUTBHCSA M YCIECIIHO Pa3pellIUThCA B IPOLECCE
HCCIICIOBAHMS BCEJIICHCKOTO HEUTPaIbHOIO MoJigd — B npouecce no3Hanus Ero Beiuyecrea JOUPA.

3aKJII0YeHHe

Bot yxe Oonee cromerus (maumHas c¢ 1905 roma) Bokpyr sdupa uAET HENpUMUPHMAs U
okecTou€HHast 00pb0a, U Ui ITOTO €CcTh Beckue NpuuuHbl. [Ipu3Hanue Hanuuus 3¢upa o3Ha4aeT Kpax
Teopun otHocutenbHOocTu (TO) DitHmTEHA W, KaK CJIEACTBUE, HAYaJl0 HAYYHO-TEXHUYECKOU
PEBOJIIOLIMYA B MUPOBOM HAYKe.

Ciyumnnocse Tak, 4To Ha CErOJHSAIIHUN 1€Hb BCE INIABEHCTBYIOIIME U PYKOBOSIINE IOCTHI B HAYKE
3aHHUMAIOT, B OCHOBHOM, cTopoHHUKH TO, Ha3bIBaromue cedst pensTuBrctamu. B cinydae kpymenus TO
peNSITUBUCTaM €CTbh, UTO TepATh. M3 o0lIero KoiauuecTBa BBLACIUM JIUIIb HEKOTOPYIO Mallyl0 4acTb
NPUYHH, BBIHYKAAIOIUX PEIATUBUCTOB OTpULATh (aKT HaI4uus >upa:

® HEKOTOpbIE PEIATUBHUCTHI, MO3HaBIINE cMbIcH TO, cuuTaroT ce0sl, YyTh JIM HU XPaHUTEIIMH HEKUX
CaKpaJIbHbIX 3HAHUI, CyTh KOTOPHIX HE BKJIAJbIBAETCS B COBHAHUE MPOCTHIX CMEPTHBIX, U ITO KaK
ObI BO3BBIIIAET PEJISTUBUCTOB HaJl BCEMU OCTAJIbHBIMU;

® KaXJOMY SIpOMY PEISATHBHCTY, B ciydae kpaxa TO, npuaércs uzdberatb 0OLIEHUS WM U3BUHATHCS
nepes Mmiesol CBOUX YYEHHUKOB U IMOCIEoBaTeNel 3a HaBA3aHHbIE UM JIOXKHbBIE 3HAHMS, a TaKHUe
U3BHHEHMS PAaBHOCWIbHBI IPU3HAHUIO PEISTUBUCTOM OLIMOOYHOCTH M OECTIONIE3HOCTH BCel cBoei
KU3HU;

e B ciyyae kpaxa TO oOrpomMHOe KOJHMYECTBO HAyUHBIX TPYAOB PEJIATUBUCTOB MOXHO OyneT
OTIIPaBUTh, €CIIM HE B KOCTEP KaMHHA, TO B MaKyJaTypy, a Uil aBTOPOB 3TUX TPYJOB — 3TO OyneT
HE3aKMBAIOLIEH AYIIEBHON PaHOW;

e T[JaBHas TNpPUYMHA, H3-32 KOTOPOW pESITUBHCTAM HEMEPEHOCUMO TPYIHO COIJIACUTHCS C
omn6049HOCTHI0 TO —3TO TO, YTO MHOTHE TPY/IbI U YOSKIECHUS PENIATUBUCTOB, KOTOPBIE TIO3BOJISLIIN
UM YCIIEUIHO MPOJIBUTATHCS 1O KapbEPHOH JIECTHUIIE, OKAXXYTCS JIOKHBIMU — 3TO MOXET OBITh
OCHOBaHUEM JUIsl JIMILIEHUSI MHOTHX PEJISTUBHCTOB YUYEHBIX CTETIEHEeH W 3BaHUU U, KaK CIIEJICTBUE,
CMEIIIEHNE UX C 3aHUMAEMBIX JOJLKHOCTEMH;

® €CTbh €€ U MOJIUTHYECKUE MOTHBBI, KOTOPHIE 3aCTaBJISIIOT PEIATUBUCTOB HEUCTOBO 3amumars 1O,
HO MbI He 0yJIeM KacaThCsl MOJIUTHKH.

MHorue U3BECTHbIE POCCUICKUE U COBETCKUE yUEHbIE ObUTN YOk IEHHBIMU poTUBHUKaMU TO.
[TporuBaukamu TO 6bun: Mennenees, L{uonkosckuii, XKykoBckuii, Tumupszes, Kocrepun u Muorue
npyrue. B poccuiickoil Hayke npoTuBHUKOB TO Obu10 651 HAMHOTO OOJIBIIE, €CTU OBl HE MHOXKECTBO
cTaTel, MOX0XuX Ha cTarhio «O mosioxkeHuu Ha prtocoPpckoM PpoHTE COBETCKON (PU3UKHY», KOTOPYIO
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akanemuk Modde onydnukosan B 1937 rony B )xypHane «Ilog 3HaMeHeM MapKcu3Ma JICHUHU3May, BOT
nuTaTa u3 3Tod ctathi: «Ho BCE emé ocTamuch NOPENSITUBHCTCKHE (U3UKHU, KOTOPHIE YIPSIMO HE
JKENal0T MPU3HABATH TEOPHUIO0 OTHOCUTEIBLHOCTH, — 3TO Jlenapa u lltapk B ['epmanuu, J[x. k. Tomcon
B Auriuu, A. K. Tumupszes u H. I1. Kocrepun B CCCP. Jlenapn u llltapk codeTaroT 3Ty Hay4HYIO
PEaKIMOHHOCTH C MpaKoOecrueM oroaTenoro gammusma...». [locie Takux cioB Majo y KOro, )KUBIINX B
1937 rony, cCOXpaHUIIOCh KEJIaHUE OCTAaBaThCs B psiiax NpoTUBHUKOB TO.

He Ttonbko B poccuiickoil, HO ¥ B MHUPOBOIl Hayke OBLIO MHOTO H3BECTHBIX YYEHBIX, HE
npuszHaBaBumx TO. Jlaypearamun HoGeneBckoil mpemun mo ¢usuke, koTopble He nmpuszHaBamu TO,
obut: Jix. Jok. Tomcon, C. A. Appennyc, I1. V. Bpumxmen, Moxannec IlItapk, @unumnn pou Jenapy,
ObutH U ipyrue aaypeatsl HobeneBckoil mpemMuu, U yu€Hble ¢ MUPOBBIM HMEHeM, He pu3HaBasmue TO.

B mHacrosimee Bpemsi poccHiickoe Hay4yHOE COOOILIECTBO HAXOIUTCS IMOJ TMOCTOSHHBIM
HaOJIOJICHUEM HEJAPEMaHHOIO0 OKa KOMHUCCHU TO O0pb0e ¢ JDKEHayKoW. DTa KOMHUCCHUSL Co3JaHa
Poccuiickoii akamemueir Hayk (PAH). Ilo odunmansHOil BepcHM IENBIO 3TOW KOMHCCHUHU SIBISICTCS
O00pbOBI ¢ BCAKMMM TaM acTpPOJIOTaMH, HKCTPACCHCAMH, TelemaTraMH, MPOBHIAMH, CaMOJCIbHBIMU
BpaueBaTeIs MU U MPOYUMH U3JIHUIIHE WHULIUATUBHBIMU JIMYHOCTSMHU, KOTOPBIE, C LENbI0 MOIy4YeHUs
MaTepuaibHbIX OJyiar, TOTOBBI 3a4acTyl0, Ha ILIYJIEPCTBO, JIOXKb, MOJJIOr, MOLIEHHHUYeCTBO. OmHako
00pbrOa ¢ MOIIIEHHUKAMH U IIIyJIepaMH — 3TO IpeporaThBa MpaBOOXPaHUTEIbHBIX OpraHoB, a PAH c eé
0oJiee 4eM CKPOMHBIMHU OFO/IPKETHBIMH aCCUTHOBAHUSMH HE OBIJIO HUKAKOW HEOOXOAMMOCTH CO3/1aBaTh
KOMUCCHIO TI0 60ph0e ¢ IKEHAyKOH M pacxoJ0BaTh Ha 3TO JOMOJIHUTEIbHbIC (PMHAHCOBBIE CPEICTBRA.
Hoctarouno Oputo 061 u TOro, uro PAH naBama Obl TpaBOOXpaHHUTEIBHBIM OpraHaMm, NpHU
HEO00XOIMMOCTH, KBAIM(UIIMPOBAHHBIE HAYYHbIE KOHCYIbTAIlMK. Tak HeT jke, HeB3upas Hu Ha uTo, PAH
NoIUIa Ha CO3JaHME TAKOH KOMHCCHH — 3TO OOBSACHSAETCS TEM, YTO B OTIMYHE OT OQHUIMAIBHO
3asBJICHHOM LI STOW KOMHUCCHH, €€ HeopHUIallbHAs U OCHOBHAsI L1eJb ObliIa 00pb0a ¢ MPOTUBHUKAMU
TO. Hy, HUKaK HE XOTAT BbICOKOIIOCTaBJIEHHbIE a/IMUHUCTPATOPbI OT HAYKH IIOKU1aTh CBOU POCKOLIHBIE
cirykeOHbIe KAOMHETHI U XOPOIIO MPOTpeThie JOHKHOCTHBIE Kpecia, a B ciiydae kpaxa TO — TakoB ucxon
HEN30eXKEH.

«Ho ckonbko BepEBOUYKE HE BUTHCS...» BOT YTO B CBOEH cTartbhe «bieck M HulleTra Teopuu
OTHOCHUTEJIEHOCTH DWHINTEHHA) CKa3all 10 3TOMY ITOBOJIY TOKTOP TEXHUYECKUX HayK, mpodeccop B. A.
AmmrokoBckuit [6]: «CeronHss HeT B Mupe Oojiee peaklMOHHOW M JDKMBOM Teopuu, yeMm Teopus
OTHOCUTENIbHOCTH OiHITeHa. OHa OecruiofHa M HE CHOCOOHAa JaTh YTO-TMOO NPUKIIAJHHUKaM,
KOTOPBIM HEOOXOJIMMO pelaTh Ha3peBlIMe 3ajadyd. Ee mocienoBareny HE CTECHSIOTCS HM B 4YeM,
BKJIIOYas U IPUMEHEHHE aIMUHUCTPATUBHBIX MEP ITPOTUB CBOMX NPOTUBHUKOB. Ho BpeMms, oTnyiieHHOe
ucropueit stoin «Teopum», ucrekno. IlnortmHa pendaTuBH3Ma, BO3ABUTHYTas HAa IYTH pPa3BUTHUSA
€CTECTBO3HAHMSI 3aMHTEPECOBAHHBIMU JIMLIAMHU, TPELIUT 0/ HAopoM ()aKTOB M HOBBIX NMPHUKIAJHBIX
3aJa4, 1 OHa HEN30€KHO pyxXHeT. TeopHsi OTHOCUTENLHOCTH DHHINTEiHa 0OpeueHa 1 OyieT BEIOpOIIeHa
Ha CBAJIKy B OnmxkaiiieM Oyaymem». AIIOKOBCKOMY B. A. penaTUBUCTBI™ KIEAT SIPIbIK JIKEYUEHOTO.

*«Penamueuzm [110 OXeroBy| — Mmemoodonocuueckas noO3UUua, CMOPOHHUKU KOMOPOIl,
adconomu3upys OMmHOCUMENbHOCHMb U YC106HOCHb 6CeX HAUWUX 3HAHUIL, CUUMAIOM HEGO3MONCHBIM
00beKmugHoe no3Hanue 0elicmeumenbHoCmm»???

IIpumepbl

Ilpumep 1. Onpenenuth 3HAYEHHWE OTHOIICHUS CHUJI D3JEKTPUUYECKOTO W TPaBUTALUOHHOTO
B3aMMOJIEHCTBUS IBYX MTPOU3BOJIBLHO BHIOPAHHBIX M HAXOJALIMXCSA B BAKYyMe 00pa3I0B BEILIECTBA.

Pemienue. Jlig Hayanma OIpPENENUMM 3HAYEHUE CHJI DJIEKTPUYECKOTO M TPAaBUTALMOHHOIO
B3aMMOJIEHCTBUS IBYX MTPOU3BOJILHO BHIOPAHHBIX aTOMOB, HAallpUMeEp, ABYX aTOMOB ME[IH.

3HaueHue CHUJI AJIEKTPUUYECKOTO B3aMMOJEHCTBHS ONPENEISAETCS C MOMOIIBI0 YPAaBHEHUS 3aKOHA
Kynona:

aq
4" 4meger?

3HaueHue CUJI IPaBUTALMOHHOTO B3aUMOEHCTBHSI ONpeIeNsieTcs ¢ TOMOLIbI0 YPaBHEHUS 3aKOHA

BCEMHUPHOTI'O TATOTECHMUS:
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F. =
m=Y—

OTHOIIEHUS 3JEKTPUYECKUX U I'PAaBUTALMOHHBIX CHJI, JEHCTBYIOIIMX Ha KaXIbli aTOM Menwu,
OIIpPENENAETCS C MOMOILBIO YPaBHEHUS

2 2
ﬁ—;.q_— 1 35.1020=.q_
- 2 v 2
F, A4Am- g€y m m
rme €=1 — JudNeKTpUYecKas IPOHHUIAEMOCTh BakyyMa; & = 8,85 10712 Kn/(H-m?) -
3IeKTpHYEcKas TOCTOsIHHAsA; ¥ = 6,67 - 10~ 11 H- Mm% /kr? — rpaBUTAanMOHHAs IIOCTOSIHHAS, ( —

BEJIMYMHA TOJIOKUTEIILHOTO 3apsiia OAHOTO aTOMa MEJIU; M — Macca OAHOTO aTOMa MEJIH.

B tabmuue Ilepumommueckoii cucrembl xumuueckux anemeHtoB [I. M. MenneneeBa wmenp
HaxoauTca Ha 29 Mecte. DTO O3HAYAET, YTO SAPO aTOMa MEAW COAEPXKHUT 29 MPOTOHOB, MOITOMY
MIOJIO’KUTEJIBHBIN 3apsii OJHOTO aTOMa MEAM PABEH CyMMapHOMY 3apsiay 29 MpOTOHOB. 3apsij OJAHOIO
npoToHa paBeH 1, 6 10719 Ku, cnenosarensho, q = 29+-1,6 - 1071° = 4,64-10"18 K.

B rtabmune Ilepwogudeckoit CHCTEMBI XHMHUYECKUX JJEMEHTOB Ui KaKIOTO JJIEMEHTa
MPUBOJIUTCS 3HAYCHHE MAcCChl aTOMa, BBIPAXKEHHOE B OTHOCUTEIIBHBIX aTOMHBIX €IMHHUIIAX MAaccChl.
YMHOXHUB OTHOCHUTEIBHYIO MacCy aToMa Ha OJIHYy aTOMHYIO €IMHHUIlYy MaccChl (a.e.M.), MOJy4YuM
a0COIOTHOE 3HAYEHHE MAaCChl aTOMa — MacCy aTOMa M , BBIPAKEHHYIO B KujlorpamMmMax. OTHOCUTENNbHAS
macca aroma mead 6355, a la.e.m.= 1,66 : 10727 xr, ciemoBarensHo, m = 63,55 1,66 -

10727 = 1,055 - 10725 kr.
I/IMCIOTC?I BCC [[aHHBIe, ITO3BOJIAKOIIINEC OHpG[[GJII/ITI) 3HAYCHHUEC OTHOIICHUSA Fq/Fm .

.10—18\2
F (4641071852 2.62-10%

—41=1,35-10%°
Fm _(1,055-10~25)2
B kaxmom arome cojlep)karcs JBa PaBHOBEIMKUX PAa3HOMMEHHBIX OJJICKTPUYCCKHX 3apsja.
CrnenoBarenbHO, B COOTBETCTBHEC C NIPHHIMIIOM CYIEPIIO3WIMK JIBA aToMa MW TMpPU HX
B3aUMOJICHICTBUM HAXOJATCS TI0J] BIMSHUEM JIBYX B3aMMHO YPAaBHOBEIICHHBIX 3JICKTPUYCCKUX CHII,
3HaYeHHs KOTOPBIX B 2,62 -10% pa3 npeBbIIatoT 3HaYeHHs IPABUTALIMOHHBIX CHIL.

MGIH) — OTO IMPOU3BOJILHO BI>I6paHHI)II71 XUMHAYICCKHM 9JICMCHT, HO MOXXHO OIIPCACIIUTh 3HAUCHUC
OTHOIICHUA JBJICKTPUUCCKHUX W T'PpaBUTAlIUOHHBIX CHII, ﬂeﬁCTBYIOIHHX Ha aToOMbl BCEX MH3BCCTHBIX

XUMHYECKUX DJIEMEHTOB. 3HAYEHUE OTHOIWEHUs cun F, / F, mns remus paseo 3,13-10%, m mo mepe

YBEJIIMUECHUS TIOPSAKOBOIO HOMEpPA XUMHMUYECKOIO OJJIEMEHTA J3TO 3HA4Ye€HHE YyMeHblaercd. Jlns
DJIEMEHTOB PACIOJIOXKEHHBIX B KOHIE MEPHOAMYECKONW TaONuWIbl BENMYMHA OTHOWIEHHs F, /Fm

OKa3bIBaeTcs 0m3Koi 3Hauenunio 2-10%* u Tobko s BOJIOpOZA Fq / F,=123- 10%.
JIro00€ BeIecTBO COCTOMT U3 ONPEIEIIEHHOr0 Habopa aTOMOB, 3aps/] K Macca KOTOPBIX OCTAIOTCSI
HEM3MCHHBIMH, MTO3TOMY U OTHOIIICHHE Fq / F,> 10%® OyzeT cnpaBe[siuBa HE TOJBKO B OTHOLICHHU

JIBYX KaKUX-11M00 aTOMOB, HO U B OTHOLIEHUH JBYX IPOU3BOJIbHO BHIOPAHHBIX OOPA3I0OB BEIECTBA.

Ipumep 2. OnpenennTp, B KAKUX OTHOILIEHUAX Y TOBEPXHOCTH 3€MIIM HAXOIATCS HAIIPSHKEHHOCTH
AIIEKTPUYECKUX TMOJIeH, MPUHAAJISKAIUX BeulecTBy 3eMiau U JIyHBI, a TakKe BEUIECTBY 3e€MJIH U
Connua?

Pemienue. MOXXHO NONBITaTBCA ONPEACINUTH BEJIWYMHY IOJIOKHUTEIBHOTO M OTPULATEIBHOTO
3apsijia, KOTOpbIi copepkutcst B oobeme 3emin, ConHua u JIyHbI, a 3aTeM ONpeNeNuTh 3HAYEHUS
HaIPSKEHHOCTEN COOTBETCTBYIOLIUX JIEKTPUUECKUX MTOJIEN U MHTEPECYIOINX HAC OTHOIMEHUH. Ho MBI
BOCIIOJIb3YEMCS MEHEe TOUHBIM, HO 00JIee MPOCTHIM METOJIOM.

ChHavana  ompeaenVM — 3HAYEHHWE  OTHOLIEHUS  HANPSDKEHHOCTEW  COOTBETCTBYIOIIMX
IPaBUTALMOHHBIX TMOJEH. 3HAUEHUE HANPSHKEHHOCTH TPaBUTALMOHHOIO TIOJSI OHpENENsieTcs ¢

MMOMOIIBIO CICAYIOIICTO YPAaBHCHUA
m

g=v 72
Hcnons3ys 5T0 ypaBHEHHE, MOKHO COCTAaBUTh BBIPAYKEHUS, C IIOMOILBI KOTOPBIX OIPEAEIIAIOTCS
OTHOIICHUSI HAaIIPSDKEHHOCTEN IpaBUTALMOHHBIX ToJiel 3emiu g3 U JIyHbl g -
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gs Mz 1y
dn my-r3
a Tak xe 3emuid g3 1 ConHia gc:
g3 _m3-°Tc
gc mc 13
rae ms = 5,98 -10%* xr — wmacca 3emmn; me = 1,99 - 103% kr — macca Connua; my; = 7,35 -
1022xr — macca JIyHel, T3 = 6,37 - 10® M — cpeqHee paccTosHHE MEXIy: MOBEPXHOCTBIO 3eMIH M
neHtpoM 3emid; rj; = 3,84 - 108m — cpenHee paccrosHue Mexnay 3emieit u Jlynoit; 1o =1,5-
1011 M — cpennee paccrosnue Mexy 3emiteit u ConHIeM.
OTHOILIIEHHE HAMIPSHKEHHOCTEN rPaBUTAMOHHBIX MOJIeH 3eMii U JIyHbI, onpeielIeHHOE 1J1 TOYCK,
PaCIOJIOKEHHBIX Y TIOBEPXHOCTH 3€MJTH, UMEET CJICIYIOIIEe 3HAUCHUE:
gs 5,98-10%*-(3,84-10%)2
gy 7,35-1022-(6,37 - 106)2
OTHOILIICHHE HANPSXKEHHOCTEH TpaBUTAIMOHHBIX Tosiel 3emian v CoJiHIA, ONPEeNeNeHHOE IS
TOYEK, PACIIOJIOKEHHBIX Y TOBEPXHOCTH 3EMIIM, UMEET CIACAYIOIIee 3HAUCHHE:
gs 5,98-10%*-(1,5-1011)2
gc 1,99:103°- (6,37 - 106)2
Jlanubie mpumepa 1 CBHAETENHCTBYIOT O TOM, YTO M Macca oOpaslia BEIIeCTBA, U BEIMYHHA
COJIEpKAIIETOCs B HEM DJICKTPUUYECKOTO 3apsjia, HaXOJATCS B MPSAMOM 3aBUCHMOCTH OT KOJIMYECTBA
aTOMOB, BXOJAIIMX B cocTaB BemiecTBa. Clie0BaTeIbHO, 3HAYECHUE OTHOIICHUS HAINPSHKEHHOCTEH
TPAaBUTAIMOHHBIX  IOJICH  MPUOIM3WUTEILHO PpPaBHBl 3HAYCHHSIM  aQHAJIOTHYHBIX  OTHOIICHUH
HAINPSHKEHHOCTEN JJIEKTPUYECKUX ToJie. TO €CTh HaNpsyKEHHOCTh 3JEKTPUYECKOr0 MOJIsl, KOTOPOe
c(hOpMUPOBAHO Yy MOBEPXHOCTU 3E€MJIM OJHUMHU TOJBKO IMOJONKHUTEIBbHBIMU 3apsiiaMd WU OJHUMHU
TOJIbKO OTPHUIATEIBbHBIMUA  3aps/iaMH, COJACPXKAIIMMHUCA B JIYHHOM M COJHEYHOM BEIIECTBE
npuomsuTenbHo B 296 000 m 1670 pa3 MeHbIIe HAOPSHDKEHHOCTH SJIEKTPUYECKOTO  IMOJI,
c(hopMUPOBAHHOTO 3apsAamMH, BXOAIIMMHU B COCTaB 36MHOT'O BEIIECTBA.
IIpumep 3. Kakomy Becy COOTBETCTBYET CHJIA, ACHCTBYIOIIAs HAa KaXAbId U3 JIBYX TOYEYHBIX,
HaxoIAIuUXcss B BakyyMe (& =1), sIeKTPUUECKUX 3apsiIOB, €CIH MX Pa3leiisieT PacCTOSHHE PABHOE

= 295663,

= 1667,

oHOMY MeTpy (7 = 1 M), a 3HaUeHHUe KaKJ0ro 3apsJia paBHO OJJTHOMY KYJIOHY (@1 = q = 1 Kin)?
Pemenne. 3Hauenue cuisl, papgoe 9 - 107 H siBisieTcst HCXOIHBIM MPH ONPEACICHNH 3HAYCHHU

ANEKTPUYECKON MTOCTOSIHHOM, M 3TO 3HAYEHHE PABHO CWiaM, JEHCTBYIOIIMM Ha PacCMaTpPUBAEMBIE B
HacTosIeM mpuMepe 3apsiibl. To ecThb OTBET Ha MOCTAaBJIECHHBIH BONPOC yXe€ I'OTOB, HO 3TOT OTBET
MOYKHO TIOJTYYHTh U C TIOMOIIBIO ypaBHEeHUs 3akoHa KyroHa:
qi1°q2
4m-gy-£-12
rie £ = 8,85 10712 Kn2/(H - M?) — snekTpuueckas OCTOSHHAS, CIef0BaTeNbHO,
F = ! =9-10°H
© 4-3,14-8,85-10"12
3Ha4YeHrne TOTYYSHHOW CHIIBI MOKHO CPAaBHHUTH C BECOM JKEJIE3HOJIOPOKHOTO COCTaBa, BHIPA3UB
3TOT Bec B ToHHaX. OnuH HpIoTOH paBeH 0,102 kunozpamma, a 1000 kunozpammos pasuo 1 monne,
clieJoBaTeNIbHO, 9 - 10°-0,102 =918 000 000 xr = 918 000 TOHH.
OnvH TOBapHBIA >KEJIE3HOIOPOKHBIH BAaroH OOILIEr0 Ha3HAu€HHs, JJIMHA KOTOpOro paBHa 15
METpOB, a Bec camoro Barona 20 TOHH, paccuuTaH Ha NiepeBo3Ky 60-mu monn rpy3a. CienoBaTenbHO,
KENEe3HOJIOPOKHBI  COCTaB, COCTOSIIUMN U3 75 6azomoe, Oyner o0nanaTh OOLIMM BECOM

(20+60)-75=6000 monn n obmeit gaunoit 15-75=1125 mempos.

Paznenus 918000 monn Ha Bec ONHOTO >KEIE3HOIOPOKHOTO COCTaBa, MOJYUYUM KOJIUYECTBO
COCTaBOB, CYMMapHBbI BEC KOTOPBIX paBEH CHUJIE, JEHCTBYIONIEH HA KaXKIbId M3 pacCMaTpUBAEMBbIX
3apsoB: 918 000/6000 = 153. CremoBarenbHO, Ha KaXKIbI M3 JABYX TOUCUHBIX OJIEKTPHUSCKUX

3apsAI0B BEIMYMHOW OJMH KYJIOH, HAXOISAIIMXCS Ha PAacCTOSHUM OJIHOTO METpa ApPYyr OT Jpyra,
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JnercTByeT cwia  mpeBblmaromas Bec 150  MOMHOCTBIO  3arpyKEHHBIX  (TSKEIOBECHBIX)
JKEJIE3HOJOPOKHBIX COCTABOB, M JITMHA KAXKIOTO TAKOT'O COCTaBa 00JIE OJJHOTO KHIIOMETPA.

IIpumep 4. OnpenenuTh BEIMYUHY IOJIOKUTEILHOTO ¥ BEJIWYHHY OTPHIIATEIBHOTO
AIIEKTPUUYECKOTO 3apsiia, CONEPIKAIIErOCs B OTHOM KYOMYECKOM CAaHTUMETPE MEIH.

Pemenne. Bennunna MoI0KHTENEHOTO JIEKTPHUECKOTro 3apama Q, comepxkamterocs B 1 cm3
MEJIH, ONPEICIISETCS C TIOMOIIBIO YPaBHEHUS

Q=Ngq

rae N — konmuecTBO aToMOB, comepxkameecs B 1 cM3 Meau; (| — BelMYMHA TONOKUTEIBHOTO 3apsa
OJTHOTO aTOMa MEJIH.

KommgecTBo aToMOB N, Haxoasamuxcs B 1 CM3 MCIU, OIIPEACTIACTCA C IOMOIIBIO YPABHCHUA

M
N=—
m

rme M —macca 1 cm3 Menu; m — Macca 0IHOTO aTOMa M.

Macca menn, copepxkameiics B 1 cm? (motHOCTs Memm), paBHa 0,00896 kr/cm3, a macca
OJIHOTO aTOMa MeJIM oIpezesena B npumepe 1: m = 1,055 - 1072% kr, cieoBaTensHo,

0,00896
= =8,5-102%2
1,055-1072%5 ’

[Tony4deHHBIH pe3ynbTaT COOTBETCTBYET TEM, IPUBOJUMBIM B JIUTEPATYPE NaHHBIMU, YTO 8 0OHOM
Kybuueckom canmumempe 1106020 memanna cooepoicumca (10%% + 10%3) amomos.

Bennuuna mosioKUTENbHOrO 3apsija OJHOro aromMa meau q = 4,64 - 10718 K (ompeneneHo B
npumepe 1), crenoBaTenbHO, BETHUYNHA HCKOMOTO TIOJIOKUTEIBHOTO 3apsiia;

Q=8,5-10%2-4,64-10"18 = 394 400 Kn

KommgecTBo copepkammxcsi B aTOMe IMPOTOHOB PaBHO KOJMYECTBY JICKTPOHOB, CIICAOBATEIBHO,
3HAYEHHUS] CYMMapHOTO MOJIOKUTEIBHOTO U CYMMapHOI'0 OTPULIATEIBHOTO 3apsA0B, COJEPKAIINXCS B
1 cm3 Menm, 6ymyT onuHakoBsI ¥ paBHE 394 400 K.
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