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Teepnoxnedos I'.A.
YacTHEIN HcceqoBaTeNlb

Poccus, Toapsartn

Teopust Bcex pu3nyecKuX B3aUMOACHCTBUH

Teopun Benukoro obbeamHenuns (aHrn. Grand Unified Theory, GUT) — B m3nke aneMeHTapHbIX
YyacTul, rpynna TEOPeTUYEeCKMX MOAENeN, OMnMCbIBAOWMX eauHbIM 06pa3oM  cunbHOe, cnaboe U
3MeKTPOMarH1THoe B3aumoaencTeus. MpeanonaraeTcs, YTO NpY Ype3BbiYaNHO BbICOKMUX SHEPrusix (Bbllle
1014 '3B) 371 B3aMMOAENCTBUS 06BEANHSAIOTCS.

BrnpoueM, MHOrve (U3NKU-TEOPETUKU CUMTAKOT, YTO 0ObEeAVHSTb 3TW B3auMMoaencTeus 6e3
rpaBuTaUMKM He UMEET CMbICNa, U NyTb K «BenmMkoMy 06beAMHEHMIO» NEXUT Yepe3 CO3aHue «Teopuu
BCEro», CKOpee BCEro, Ha OCHOBE OAHOM U3 TEOPWIA KBAHTOBOW rpaBUTaLIUN.

Ayrokoscxuti Braoumup Axumosuy — 00Kkmop mexuuyecKux
Hayk, akademux Poccutickou akademuu ecmecmeeHHbiX HAYK.

[aHHas paboTa kak pa3 U NpeTeHAyeT Ha CO3AaHNe «TeOpUW BCEro».
Teepooxnebos I A. Hacmuwiii ucciedosamens.

Buabl MarHMTHbIX BIaWMOAEHCTEMHA NOCPEACTEOM NONANWIOBAHHBIX TDABUTOHOB
MpaBuTauMA onpepenaeTca MarHuTHan WHAYHYWMA 3eman InexTpOMArHuTHBIE BonMbl dopmupylorea | Baaumogei-
NONAPMIYET HACTD OKPYHAKUIAY 3eMnio  |3IAEKTPOHAMK W NOIWTPOHAMM, OKPYHEHH BIMK

rPABMTOHOE, CO3A0aBan aE FPABHTOHAMM, KOTOpBIE 33pAAAMM
rPaBMTOHOB MarHHTHOE Mone NOAAPHIYIOTCA, 0DPAIYA  ANEHTPHYECHYIO K

MArHATHYH) COCTABAA KLWYID BOMHBI.

MATHHTHOH WHAYHLMEeR

MNpUTAHYTLIE APYT K APYTY INEKTPOHHO-NOIHTROHHBINA TOK, MonApHI0BaHHBIE BHYTPK TENA NOCTOAHHBIX ﬁna HTh
rPABHTOHbI, 3aKPYYEHHBIE | pacnpocTPaHAIOWMIACA B 3HPE BOKPYT MarHHWTOB rPABMTOHLI CBOEH MarHMTHOM 3M soansl
B FPaBMTOHHBIE Chephi, NPOBOAHMKOB, MMEET MarHUTHYHD MHAOYHLMER NONAPHIYIOT 3dHPHbIE
) ﬁ.pa31ﬂu‘r MaTP.ELu“H'ﬂTU‘Mb COCTABAAKIWYHD, B BMOS FPAaBHTOHEI, ﬂﬁpﬂ.‘ﬂﬂ CHNOBBIE NMHKKA
NOAAPH30BAHHLIX 32 “S:MH rPagMTOHOB NOCTOAHHBIX MarHKTOB
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Monexyibl CTh CHCTEMb], HKOTOPLIE HANOAATCA B AMHAMHYECKOM | [paBWMTOH NpMoGpeTaeT ANEeKTPMYECHKMA 3apAa B BWAE TOpoMAa,
PaBHOBECHM, [OE NPUTAMEHHID 3NEHTPOHOE AAPAMK ATOMOE KOTOPBIA, Bpallancs, reHeEpHpyeT, NWbo ceBepHBIA NoAC
NPOTHEOAEHCTEYET OTTANHMBAHHE BCTPEYHO NONAPHI0BAHHBIN MarHuTa (anexTpon), NMbo WiHBIR nonoe (No3UTPoH).
rPAaBRMTOHOE, OBPA3YIOWME NOrpaHKYHBIE 0BNACTH Ten MpoTHEONONOMHBIE NONKCA MArHKTOE TORPOWA reHEDHPYET
CORAMHA LMNCA aTOMOE BHYTPEHHEH YacTbio ceoei 0BonoYHH.

MpOoTOH — NO3KUTPOH,
YBENUYMBLUMIA CBOKD
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BMmecTo npeauciioBust
DakThbl, NO0OyAUBIIHE MEHS MUCATH ITY CTATHIO

Qaxr 1.

3apsin anekrpoHa -1,602176565(35)«1071° Kn

3apsin mo3utpoHa +1,602176565(35)«107'° Kn

OTOT (paKT HABOJUT HA MBICITH, O TOM, YTO OCHOBOM 3TUX 3apsA/IOB SIBJISIETCS OJIHA U Ta KE
4acTHIIa, KOTOpas MepeBOPAYNBASICH, 33JI0M Hamepé, BBEPX HOTAaMH HITH eIllé KaKuM-THO0
00pa3oM reHepupyeT 1Mo a0CONIOTHOM BETMYHMHE JIBa a0COIFOTHO OJMHAKOBBIX 3apsja

daxr 2.

3apsin mo3utpoHa +1,602176565(35)+107'° Kn

3apsin npotona  +1,602176565(35)¢1071° Kn

IIpu 3TOM NPOTOH TsHKETIEE TO3UTPOHA.

OTOT (paKT HABOJUT HA MBICITB, O TOM, YTO IPOTOH ATO TOT ke IMO3UTPOH, KOTOPBIH,
KaKHM-TO 00pa3oM, yBeITU4MII CBOIO Maccy. IloiydeHne mo3uTpoHOB MOCPEICTBOM
O60MOapIMPOBKN HEUTPOHAMU SiZiep ATOMOB TOJATBEPKIAIOT 3TO MPEAIOI0KEHUE.

daxr 3.

CoBpeMeHHas MOJIENTb aTOMa — 3TO BpAIIAIOIIKECcs BOKPYT siipa 3JIEKTPOHBI,
OKpY>KEHHBIE ITYyCTOTOH. A COBPEMEHHBIE OIIBITHI IOKA3bIBAIOT, YTO ATOM HEC)KUMAEM.

OTOT (paKT HABOJAUT HA MBICITB, O TOM, YTO IMMYCTOTA 3aMI0JIHEHA HEC)KMMAEMbIMU
«aTroMaMmu» dupa.

Paxr 4.

B siapax aTOMOB IPOTOHBI U HEUTPOHBI C KOJIOCCAIBHOM OBICTPOTOM MpEeBpAILAIOTCS IPYT
B JpyTa.

3ot akT, 6e3 Tpyaa, 00BIACHIET TPaBUTAIIIOHHO-TIOJISIPHAS MOJIEIh aTOMa.

Paxr S.

®oT0 aTOMa BOAOPOAA, CIETAHHOE TPU MOMOIIHU (POTOMOHU3ALMOHHOTO MUKPOCKOTIA
MOKA3bIBAET, YTO AJIEKTPOHBI BPAILLIAIOTCS BOKPYT siipa aToMa He 10 opouTaisam, a mo opouram,
oTpesieNIIeMbIM 3aKOHAMH KJIACCUYECKOM 3JIEKTPOINHAMHKH.

OT1OT akT MpudIMKaeT HAYKY K peaabHON MOJIETTH aToMa.

daxr 6.

Bpamaromuecs BOKpYT siipa 3JI€KTPOHBI HE U3JTy4aloT AJIEKTPOMArHuTHYIO BOJIHY, YTO
OH JIOJDKEH JIeNIaTh 110 3aKOHAM JIEKTPOAUHAMHUKE.

OTOT (paKT HABOJUT HA MBICITB, O TOM, YTO B aTOME JABM)KETCS HE MOJTHOLIEHHBIH
3IIEKTPOH, a TOJBKO €ro 3JIEKTPUUECKasi COCTABIISAIONIAs], B OTCYTCTBUU MarHUTHOM
COCTAaBJISIIOIIEH.

dPakr 7.

B nocrasnennom nBectu et ToMy Hazaa dapasieeM ombITe, ralbBAHOMET]P
JEMOHCTPHUPYET IBUKECHHE, KAK OTPHUIIATEIBHBIX, TAK U MOJIOKUTEIBHBIX 3aPsI0B.

A coBpeMeHHas TeOpHsl JIEKTPUUECTBA MBITAETCS TOCTPOUTH TEOPHS TOKA
IPOBOJUMOCTH, OCHOBaHHYIO Ha JBM)KEHHH CBOOOIHBIX 3JIEKTPOHOB C HEMOABM>KHBIMUA HOHAMH.

OTOT (aKT HABOJUT HA MBICIIb, O TOM, 4TO Dapajeil moaydns B KaueCcTBE TOKa
IIPOBOJUMOCTH 3JIEKTPOHHO-TIO3UTPOHHBIN TOK, PaCIPOCTPAHSIOIUICS BOKPYT TPOBOTHUKOB.

Paxr 8.

AHEKJOTUYHOCTb OOBSICHEHUS CBEPXITPOBOIUMOCTH IOCPEACTBOM KYNEPOBCKUX Hap
HABOJUT HA MBIC]Ib, O TOM, YTO TOKOM IPOBOJUMOCTH SBJISETCS 3JEKTPOHHO-TIO3UTPOHHBIN TOK,
pacnpocTpaHsouiics B 3pupe BOKPYT MPOBOJIHUKOB.

Paxr 9.



OnbITHI MOKA3BIBAIOT, YTO MPU CBEPXHU3KUX TEMIIEPATYpax CBOOOIHbIE 3JIEKTPOHBI B
MPOBOJIHUKE MCUE3AI0T, TPUMOPAKUBASICH K aTOMaM.

OT0T PakT sABIsIeTCS YOS TUTENBHBIM CBHIETEIHCTBOM TOTO, YTO C HCUE3HOBEHHUEM
CBOOOJHBIX 3JIEKTPOHOB MCUYE3AET U CONPOTUBJICHUE I CBOOOTHOTO PacpOCTpaHEHUS
AJIEKTPOHHO-TIO3UTPOHHOIO TOKA.

®axr 10.

B centsi6pe 2015 roma B o6cepBatopun LIGO 6putn
3aperuCTPUPOBAHbI TPABUTAIMOHHBIC BOJIHEL. VX nucnepcust (3aBUCUMOCTH (pa30BOM CKOPOCTH
BOJIHBI OT €€ YaCTOThI) COOTBETCTBYET O€3MaCCOBBIM I'PAaBUTOHOM.

DTOT (haKT rOBOPUT O TOM, YTO TPABUTOHKI ITOPA MIEPEBOUT U3 Pa3psia TUIIOTETUUECKUX
YacTHUL B pa3ps/l peajibHO CYIIECTBYIOINX YaCTHL.

@axkr 11.

®opmyibl Kynona n HeroToHa 0 B3aUMOIEMCTBUM 3apsI0B U O B3aUMOJICUCTBUU
TPaBUTHUPYIOMIUX T KMEIOT OAMHAKOBYIO MAaTEMATHIECKYIO (hopMmy.

OTOT (paKT HABOAUT HA MBICIIb, O TOM, YTO 3TU B3aUMOJECHCTBHS OCYIECTBIISIIOTCS
OJIHMH U TEMH K€ YaCTUI[aMHU, & UMEHHO T'PaBUTOHAMU.

W3 3Tux pazHopoAHbIX (DAaKTOB CIOXKHUIACH THIIOTE3a, KOTOPYIO MBI U IIpejiaraeM
BHUMAaHMIO YUTATEIICH.

I'mnore3a nmoka3piBaer:

Kax simpa aTOMOB 3aKpy4YHBarOT I'PaBUTOHBI.

Kak rpaButanus aToMOB, CYMMHPYSICh, POXKIAET TPABUTALIMIO TEI.

Kak simpo atoma, Bpaiasch ¢ OrpOMHOM CKOPOCTBIO, OCYILIECTBIISIET CUIIBHOE
B3aUMOJICHCTBUE.

Kak, Bpamaronuiicst BOKpYT siJipa 3JIEKTPOH, HE U3Ty4aeT AIEKTPOMATHUTHYIO BOJIHY.

Kaxk aTombl cOeAMHAIOTCS B MOJIEKYJIBI.

Kak B sijpax aTOMOB POTOHBI U HEUTPOHBI € KOJIOCCAIBHOM OBICTPOTOI MpeBpaIaroTCs
ApYr B Apyra.

Kax pa3zHoCTbh rpaBUTAIIMOHHBIX OTEHIIMAJIOB POXKIAET MPUBUIETUPOBAHHYIO CUCTEMY
OTCYETA.

Kak abcTpakTHOE HHEPIIMOHHOE JBUKCHHUE MTPEBPANIACTCS B BBIAYMKY MBICITUTEIICH.

Kak "mpumopo3ka" cBOOOIHBIX 3JIEKTPOHOB K aTOMaM SIBJISIETCS TPUIMHOM
CBEPXIPOBOJUMOCTH.

Kax dopmyner Kynona u HeroToHa 0 B3auMoIeiCTBUH 3apsI0B M O B3aUMOICHCTBUHU
TPAaBUTHUPYIOMIUX T UMEIOT OAMHAKOBYIO MaTEMATHIECKYIO (hopMmy.

Grand Unified Theory
Summary

The unifying element of all interactions: gravitational, magnetic, electromagnetic,
nuclear-strong, nuclear-weak is graviton.

Gravitons are generated by cores of atoms rotating at great speed.

Graviton is a mini whirl of ether, which by its rotation generates the north and south
poles of magnets.

All matter of the universe is composed of gravitons and is surrounded by them.

Attracted to each other by different poles, gravitons form graviton chains that form
gravitational, magnetic and electromagnetic fields.

Gravitons are also quanta of the gravitational fields of atoms and their nuclei.



Gravitons with their magnetic induction attract gravitating bodies to each other,
determine the magnetic properties of bodies, planets and stars, and also attract or repel electric
charges.

Gravitons under certain conditions can acquire the charge of an electron or positron.

Delivered two hundred years ago, Faraday's experience indicates that the conduction
current is the electron-positron current, which propagates not inside the conductor, but in the
adjacent layer of ether.

Electron-positron current is the transfer of charges of electrons and positrons with the
speed of light from one surrounding the conductor, gravitons to neighboring gravitons.

Annomauus

O6vedunumenbHbLM INEMEHMOM 8CeX 3AUMOOEUCMBUIL: ePABUMAYUOHHO2O0,
MACHUMHO20, INEeKMPOMASHUMHO20, A0EPHO-CUTbHO20, A0EPHO-CIAO020 ABNACMCA 2PABUMOH.

I pasumonvl 2cenepupyomcest 6paujarOWUMUCsL ¢ 02POMHOU CKOPOCHbIO SIOPAMU AMOMOS.

I'pasumon 23mo muHu 8uUXpsb 2¢hupa, KOMOPLLUL CBOUM BPAUYEHUEM 2eHEPUPYen Ce8ePHblLIl
U FOXCHBLLL NOTIIOCA MACHUMOS.

Bcsa mamepus Becenennou cnodcena uz epasumono u OKPYHceHa umi.

Ipumsnymole Opye Kk Opy2y pasHOUMEHHBIMU NOJIOCAMU SPABUNMOHBL YOPMUPYIOM
2pasumoHHbvle YenouKu, 0opasyrowue 2pasumayoHtble, MazHUMHble U INeKMPOMACHUMNHbLE
nOJIAL.

I'pasumonsl makaice AGIAIOMCA KEAHMAMU 2PABUMAYUOHHBIX NOJIell AMOMO8 U UX A0ep.

Cospemennas mooenvb amoma, 20e amom Ha 99,99% cocmoum u3 nycmomol, He
8bl0epIHCUBAe HUKAKOU KPUMUKU.

A epasumayuoHHO-NOIAPHAS MOOETb AMOMbL HOOMBEPHCOACMCS ONLLMAMU.

I'pasumonsi ceoeli MacHUMHOU UHOYKYUEU NPUMASUBAIOM 2pasUmupyrowue mena opye K
opyay, 00CIYHCUBAIOM MACHUMHbLE CEOUCMEA MeJl, NIAHEN U 36630, a MAK’ce NPUMASUBAION
PA3HOUMEHHBIE U OMMATKUBAIOM OOHOUMEHHBLE 3aPA0bI.

I'pasumonvl 8 OnpedenénHbIX YCI08UAX MO2YM NPUOOpemams 3apsio d1eKmpona Ui
nO3UMPOHA.

Tak, mpenue CMeKIsAHHbIX U CMOJISIHBIX NALOYEK eCMb KaK pa3 me YClous, KOmopble
cnocobcmeyem npuodbpemeHuio 2pasumoHamMu, OKPYHCaAroWUMU NATOYKU, IIEeKMPOHHbIX U
NO3UMPOHHBIX 3aP008.

Ilocmasnennwiii 0secmu 1em momy Hazad Papadeem onvim ceUOemenbCmsayent 0 Mom,
YMmo MoKOM NPOBOOUMOCTU 8 MEMALIUYECKUX NPOBOOHUKAX ABIAEMCS JIeKMPOHHO-
NO3UMPOHHBLIL MOK, KOMOPBI pACNPOCMPAHAENCSL He BHYMPU NPOBOOHUKA, d 8 Npuiecarouem
NPOBOOHUK clloe 3¢upa.

DneKmpOoHHO-NO3UMPOHHBII MOK MO0 nepeoaid 3apsaoo08 1eKmpoHO8 U NOUMPOHOE CO
CKOPOCMbIO C8ema OMm 0OHUX, OKPYHCAIOWUX NPOBOOHUK, SPABUIMOHOE COCEOHUM CPABUNMOHAM.

Ipuyém, 21exkmpon 3mo MacHUmMHbLN OUNOJIb, KOMOPLIUL HA 2/3 00béMa cenepupyem
cesepHblil noroc, u 1/3 00véma eenepupyem 0XCHbLL NOTOC. Y nozumpona oopamuoe
coomuoulenue no0Ccos.

Crenn(uyecKky NIEKTPUIECKHUX 3apsSA0B B MIPUPOJIC HE CYIIECTBYET.

Ornasienue
UYactb niepBasi. OCHOBHBIE ITOHSATHUS

1. Ddup

2. I'paButoH

3. ®oTOH

5. Macca
Yactp BTOpad. ['paBuTOHHAs (KBaHTOBast) TEOPHS TPaBUTALIUK

1. bonb1oii B3pbIB 1 6onblIas Beenennas



2. Kondurypanus rpaBUTallMOHHBIX TOJIEH

3. IlpuuriHa MHEPLIUH — JIOPEHIIEBO COKPAILICHUE

4. ®unocodcko-MaTeMaTHIECKast A0CTPAKIIHS

5. MarseTusm SBISETCS HEHTPATIbHOW CUIION

6. B3aumogeiicTBre rpaBUTALIMOHHBIX M1OJIEN
Yactp TpeTbs. He BC€ B MuUpe OTHOCUTEIBHO

1. Pe3tome

2. 3aKOH Pa3HOCTH I'PAaBUTALMOHHBIX TOTEHIIHAJIOB

3. JlelicTBHE 3aKOHA Pa3HOCTU I'PAaBUTALMOHHBIX TOTEHIIMAJIOB

4. I'paBUTallMOHHO-TIPOCTPAHCTBEHHO-BPEMEHHAs CUCTEM OTCYETA
Yacts yerBeprad. ['paBUTalinOHHO-NIONSAPHAS MOJEIb aTOMA

1. Pesrome

2. I'mnote3a Anekcannpa Cenaca

3. Hama monens atoma

4. Knaccuueckuii mporecc (opMHUPOBAHHUE MOJIEKYIT

5 CunbHOE B3aUMOJECICTBUE

6. He nznyyarommii 3HEPTHUIO 3JIEKTPOH

7. YHUBEpCATbHBIN KUPIUYUK CTPOUTEILCTBA spa aToMa
Yactb nAtast. 1eKTPOHHO-NIO3UTPOHHBIN TOK
. Pe3rome
. DIIEKTPOMAarHuTHas1 NHIYKIUS
. DNEKTPOH U MO3UTPOH
. [IpocTpancTBeHHass KOH(MUTYpaLKs 3apsiI0B
. BzaumopeiicTBre cBOOOTHBIX 3apsiI0B
. "ObHaxxeHHBIC" 3aPSIBI
. DIIEKTpUUECKUE B3AUMOJICUCTBHS
. DNEKTPOABUIKYIIAs CHIIA

9. P-n nepexon

10. ITpuHIMI IEUCTBUA AKKYMYJIATOPA MOATBEPKIAET YHUKAIBHOCTh KOHCTPYKIIUH
AJIEKTPOHA

11. BakyyMHBIi1 1101

12. CBepXnpoBOAMMOCTh

13. Cto neT cBepXIpoOBOAMMOCTH

14 DnexTpoMarHuTHasi BOJHA

15. ®otorhdpexr

16. KBanToBas neBUTALUS U CBEPXITPOBOAUMOCTD, 3TO, KaK TOBOPAT B Onecce, 1Be
OOJBIIIHE PA3HUIIBI

17. AHEKIOTUYHOCTD KJIACCUYECKON TEOPHUH TOKA MTPOBOJUMOCTH

Yactb nepBasi. OCHOBHbIE NOHATHUSA
1. D¢pup

D¢dup — BcenmpoHUKAOIIAs, U30TPOIHAS, HE OKA3bIBAIOIIAS] COMPOTUBICHUS TBUKYITIMCS
TeJaM, ra3omoj00Has cpena.

W3 gero cocTout 3TO ra3omog00ue HaMm He U3BECTHO.

[IpeanonoKuTeNbHO 3TO YaCTULIBI, KOTOPBIE rOpa3 0 MeHbIIe aToMoB. Ho 3Th yacTuiis
MO3BOJITIOT POKIATHCS 3(PUPHBIM MUHU BUXPSM — TPABUTOHAM, KOTOPBIE SIBIISIFOTCS
MarHUTHBIMH JHTIOJISMU.

Jmutpuii iBanoBua MenaeneeB momectut 3¢up B cBoed Tabmurie (MoATuHHOM,
HechanbcuPUIMPOBAHHON PENATUBUCTAMH) B HYJIEBYIO IPYIITY HYJIEBOTO pAJa, KaK SJIEMEHT
"X", Ha3BaB ero Herotonuem.

0 3N Lt AW —

2. I'paBuTOH
rpaBI/ITOH — «KHUPIIUYIUK», U3 KOTOPLIX CKJIAABIBACTCA BECh MaTepHaHLHBIﬁ MHp.



['paBUTOHBI TE€HEPUPYIOTCS BPAILAIOLUIMMHUCS SAPAMH aTOMOB, U TIPEACTABIISIOT OO0
MUKPOCKOIIUYECKUE BUXPHU IPUPaA, KOTOPHIE ABISIOTCS MAaTHUTHBIMH JTUTIOJISIMU.

I'paBUTOH — eIMHCTBEHHAs JeMEHTapHas yacTuua. YacTUIsl: 3eKTPOH, MO3UTPOH,
MPOTOH, HEUTPOH — SABJSIOTCSA COOPHBIMU YaCTULIAMH.

[Tonmy4yaemble Ha KoJUTaiiiepax MHOTOYHMCIICHHBIE YaCTHUIIBI SIBJISIOTCS OCKOJIKAMU
HA3BaHbIX YaCTHII.

CruH, KaK BpaIlleHue BUXPS: BPAIaeTCs B OJTHOM M TOM K€ HalpaBlICHUU.

[IputsiHyTBIE APYT K APYTY Pa3HOMMEHHBIMH MOJIIOCAMH TPAaBUTOHBI 00Pa3yIoT
IpaBUTALMOHHBIC, MATHUTHBIC U DJIEKTPHUYECKHE OIS

[TnoTHOCTBH 3(hUpa B rpaBUTOHAX OMpPENENsIeT ypOBEHb SHEPIHUH UX MarHUTHOM
WHAYKIUH, KOTOPBINA OMPEeIsIeTCsl TPaBUTAIIMOHHBIMU, MATHUTHBIMU U DJICKTPHYECKUMHU
noTeHuuaizamMu. To ecThb, cujla MAarHUTHOM MHYKIIMHM TPAaBUTOHOB, BCTPOCHHBIX B
AIIEKTPUYECKUE, MAarHUTHBIC U TPABUTALIMOHHBIE TIOJIS, OTPENENIeTCs SICKTPUIECKUMU,
MarHUTHBIMH U FPaBUTALMOHHBIMU TOTEHIIUATIAMHU.

['paBUTOH Tak>Ke SIBJISIETCS] KBAHTOM IPaBUTAIIMOHHOTO TOJIsI, 00Pa3yIOIIEro TeJIO aToMa,
10 CHUJIOBBIM JIMHUSM KOTOPOTO BPAIIAIOTCS 3JIEKTPOHBI.

['paBUTOH Tak>Ke SIBIISIETCSI KBAHTOM I'PaBUTAIIMOHHOTO TOJIs, 00Pa3yIOIIero Temna sijep
aTOMOB, BPAaILEHUE KOTOPHIX OMpPEENsieT CUIbHOE B3aUMOICHCTBUE.

B onpenenéHHBIX yCIOBUSAX TPaBUTOHBI MOT'YT OMOSCHIBATHCS €& OJHUM MUHH BUXPEM
3(upa, KOTOPHIH UMEET KOH(DHUTYpALIHIO TOpA.

OmnosicaHHBII TOPOM T'PAaBUTOH MPUOOPETAET AIIEKTPUUECKHIA 3apsijl, KOTOPHI Ha 2/3
00BbEMa eCcTh CeBEPHBIN TOJIIOC, HA3BaHHBI MUHYCOM, U Ha 1/3 00BEMa eCTh 103KHBIH TOJTIOC,
Ha3BaHHBIH IUTIOCOM, YTO COOTBETCTBYET 3apsily JIEKTpOHA. Y O3UTPOHA 0OpaTHOE
COOTHOILIEHHUE MOTIOCOB.

Bunumo 3tu 1poGHbIe 3apsaapl 1 00pa3yloT YaCTHIIbI, Ha3bIBaeMbIe KBApKaMU U
AHTUKBApKaMU, KOTOPbIE Ha THICSYHBIE JIOJIU CEKYH/bI TOABIIAIOTCS MPH pacmajie AJIeKTPOHOB U
MO3UTPOHOB.

Buanmo nmenno rpaButonsl MeneneeB HazBasn Koponuem (amemenT "Y'"), moMecTuB
ero B Tabmuiie B mepByIo rpymiLy HyJI€BOTO psija.

3. ®oToH

ITo Hameit runorese 3MeKTPOMAarHUTHBIE BOJIHBI 3TO BOJIHBI, 00pa30BaHHBIE AJIEKTPOHAMHU
U TIO3UTPOHAMHU, KOTOPBIE UMEIOT 3JIEKTPUUECKYIO U MATHUTHYIO COCTaBJISIOLIHE.

DNEeKTPUUECKYIO COCTABISIONIYIO 00pa3yIOT MOJIIPU30BAHHBIC 3apsilaMHi TPAaBUTOHBI,
NPUTSHYTBIE K HApYKHOU 4acTu Topa.

MarHuTHYIO COCTaBIISIOLIYIO0 00Pa3yIOT MOISPU30BAHHBIC 3apsilaMU TPABUTOHBI,
NPUTSIHYTHIE K EHTPAILHOMY TPaBUTOHY.

To ectb, xE€nThie TPaBUTOHBL, TPUTSIHYTHIE K TOPY, 00pa3yloT JIEKTPUUYECKOE TIOJIE.

A KpacHbl€ TPaBUTOHBI, IPUTSHYTHIE K LICHTPAIBHOMY I'PaBUTOHY, 00pa3yrOT MarHUTHOE
noJe.

BekTopa Hanps>KeHHOCTH 3JIEKTPUYECKOr0 ¥ MAarHUTHOTO TOJIeH EPIIeHIUKYISIPHBI KaKk
MEXy COOOH, TaK U K BEKTOPY PACIPOCTPAHEHHUS BOJIHBI.

DNEKTPOHBI U MO3UTPOHBI (POPMUPYIOTCS, KOT/1a IEHTPAJIbHBIA I'PaBUTOH, HA KOTOPOM
HOSBIISIETCA 3apsijl, OnosicbiBaeTcsi TopoM. OCh BpallleHUs TOpa MPOXOAUT Yepes3 MoJoca
IPaBUTOHA, U HAPYKHAsI YAaCTh €r0 000JI0YKHU BpalllaeTcs, 100 OT CEBEPHOTO IMOJII0Ca IPAaBUTOHA
K I0)KHOMY TIOJIIOCY, INOO HA000POT, TEHEPUPYSl CBOUM BpaLICHUEM, TUOO0 3apsi]] 3JIEKTPOHa,
00 3apsi/T MO3UTPOHA.

Kpome omnosicbIBaroIero BpamieHus, Top Bpalaercs emeé Kak Kojieco. JHeprus 3TOro
BpallleHUsI TeHEPUPYET TOT WJIM MHOU I[BET 3JIEKTPOMAarHUTHOTO CIIEKTPA.

U rpaBUTOH, U TOP 3TO MUKPOCKOIIMYECKHE BUXPH dpupa. [ eHepupyeT 3Tu BUXpH
PENHUKTOBOE U3TyUYCHHE.

Topoubl, pacnonoKeHHbIE BHYTPH 3JIEKTPOHOB U MO3UTPOHOB, MbI HAa3BaJH (POTOHAMH.



Kcraru, ydensie n3 BalmmHT TOHCKOTO YHUBEPCUTETA CO3/1aTH OBICTPOICHCTBYIONIYIO
Kamepy, cocoOHyro choTtorpadupoBaTh GoToHBL. DoTOrpaduss AEMOHCTPUPYET TOPOUIATHHYIO
mojenb ¢potoHa http://round-the-world.org/?p=1366

[To HameMy MHEHHIO, KBAHTaAMH 3JIEKTPOMAarHUTHOM BOJIHBI SIBJISIFOTCS SJIEKTPOHBI U
MO3UTPOHBI, KOTOPHIE OMPEAEIISIIOT JUIMHY JIEKTPOMATHUTHON BOJIHBL. DOTOHBI K€ ONPEAETSAIOT
JUTMHY BOJIHBI camoro (otoHa. [TokuHyBIMii CBOH 3apsijl, ¥ MOTOMY CBOOOHBIN (POTOH, CBOMM
BpaleHrueM (Kak KoJeco) FreHEpUPYIOT IIBET, COOTBETCTBYIOIIEH €ro JIIMHE BOTHBL Takum
o0pa3oMm, (pOTOH ABIIAETCS KBAHTOM TOTO WJIM MHOTO 1IBETa, KOTOPBIA HECET B ceOe Ta, Wil WHas
AJIEKTPOMArHUTHAS BOJIHA.

DOTOHBI, U3TyYaEMbI€ JICKTPOHAMH U MO3UTPOHAMHU, OCTAIOTCA C TAKOH e JJIMHOMN
BOJIHBI, KOTOPYIO UMEJIM BO BPEMS U3IIYUCHHUS.

CBoOoHBIE (DOTOHBI, B OTJIMYKE OT 3JIEKTPOHOB U MO3UTPOHOB, HE UMEIOT HU
AIIEKTPUYECKOM, HU MATHUTHOU COCTABIISIONIUX U IOTOMY HE UMEIOT CIIOCOOHOCTH
OpPraHU30BBIBATHCA B ANIEKTPOMArHUTHbIE BOIHBI. CBOOOAHBIE ()OTOHBI PACIPOCTPAHSIOTCS B
a¢upe Kak HEOPTaHU30BAHHBIN B AJICKTPOMArHUTHYIO BOJHY MOTOK (DOTOHOB.

4. Macca

KonuuecTBo Bcex rpaBUTOHOB, IPUHUMAIOIIUX YYaCTHE B CTPOUTEIBCTBE SJIEMEHTOB
TeJa: HO3UTPOHOB, AIEKTPOHOB, POTOHOB, HEUTPOHOB, SJAEP ATOMOB, CAMUX aTOMOB U UX
rPaBUTALMOHHBIX MOJIEH, & TAK)KE OMPEIEIAIOMIUX MOJIEKYIIIPHBIE U UHBIE CBSI3U BEILIECTBA B
TPABUTUPYIOIINM TEJIE — ONPEAEIISIIOT MacCy JaHHOIO Tena.

Yactb BTOpasi. paBuTOHHAA (KBaHTOBas) TeOpHs rPABUTALNHU
1. Boabmoii B3pbIB 1 60Jbmas Beesennas

Kpome nameit manenpkoi (Habr01aeMoi) BCEJICHHOM CYIIIECTBYET BEYHAs U
OeckoHeuyHas Ooubiias Beenennas, coctosas u3 6eCKOHEYHOTO MHOYKECTBA BCEIICHHBIX,
no100HBIX Hamlel. YacTh BCENIEHHBIX paclIupsieTcs, Apyras 4acTb CBOPauMBaET CBOE
MPOCTPAHCTBO J0 Pa3MEPOB I'PABUTOHHOMN 3BE3/IbI.

Bce BceneHHbIC SBOMIOIIMOHUPYIOT B €AMHOM MUPOBOH cpene — ddupe.

I'paBuTOHHAs 3BE3/1a pOKAAETCS MOCPEACTBOM I'PABUTALIMOHHOIO KoJularca, Korjaa
rpaBUTALMS [TOJHOCTBIO pa3pyLIaeT BCE DJIEMEHTHI SIEP U KOT1a €AMHCTBEHHBIM «KUPIUIUKOM»
MaTepuu OCTAETCS TOIBKO IPABUTOH.

['paBUTALIMOHHBIN KOJUIANIC TPABUTOHHOM 3B€3/Ibl TEHEPUPYET €€ BpalllCHUE
KOJIOCCAIbHOM cKopocTH. [[10THOCTE 3(hupa B rpaBUTOHAX HA HECKOJILKO MOPSIKOB MPEBHIIIACT
IUIOTHOCTB 3¢upa B AIpax aTOMOB.

['paBuTaIus 3Be31bI MPUTATHBACT K ceOe Tela, 10 TeX MOop, MOKa CKOPOCTh BPAIICHHS
3BE3/IbI BOKPYT COOCTBEHHOM OCH BpAIlICHUSI HU Pa30OPBET €.

Tak poxnaerca bosbiioit B3psis.

Bosbiioit B3psIB rpaBUTOHHO# 3B€3/161 00pa30Ball pacCIUPSIIOIIEECs TPOCTPAHCTBO,
3aI0JIHEHHOE TPABUTOHAMHU — MUKPOCKOIIMYECKUMU BUXPAMU dUpa, KOTOPBIN ABISETCS
MarHUTHBIMH JTUTIOJISIMHU.

Bonwmmoit B3peiB Takke oOpazoBai emi€ 1Ba MUKPOCKOTTUIECKUX BUXPsI 3Pupa, KOTOphIe
OTI0sICAJTH HEKOTOPBIE TPABUTOHBI B BUJIE TOPOUIOB, BpaIlleHUE HAPYKHON YaCcTH UX 000JI0UYKH
TEHEPHUPYET CEBEPHBIA U FOKHBIN MOTIOCA MAarHUTA, 00pa3ysl SJIEKTPOHHBIN M MTO3UTPOHHBII
ANEKTPUUECKUE 3apsbl. 3apsiibl IPUTATUBAIOT COOTBETCTBYIOUIUMU MOJIOCAMU OKPY>KAIOIIHE
IPaBUTOHBI, 00pa3ys AMEKTPOHBI U MO3UTPOHBI, KOTOPBIE IHEPTHIO B3phIBA OTPA3HIIN B
KOPOTKOBOJIHOBOM H3JIyY€HHH, HA3BAHHBIM PEIIMKTOBBIM U3J1y4YE€HUEM. DHEPTHUsl PEIIUKTOBOTO
W3JIy4E€HUS SBISETCA TEHEPATOPOM BPALLIEHUSI MUKPOYACTHIL, BKIKOYAs Spa aTOMOB.

B npouecce boapmoro B3peiBa 4acTs NO3UTPOHOB, UMES KOJIOCCAIBHYIO CKOPOCTh
BpallleHUs1, OKYThIBaeT ce0si TPaBUTOHHBIMU cpepaMu, CKUMAIOLUMU 3T O3UTPOHBI B JECSThH
TBHICSY Pa3, U, TAKUM 00pa30B, YBEIMUUB CBOIO MacCy, IPeBpaIiaeTcs B MpoTOHBL. YacTh
IIPOTOHOB, 3aXBAaTUB CBOMMH IPAaBUTOHHBIMU c(epaMu 3JIEKTPOH, PEBPAILAETCS B HEUTPOHBI.




[TpoToHBI M HEUTPOHBI OOPA3YIOT SApa ATOMOB. SIpa AaTOMOB CBOMM BpAIIEHUEM
POXIAI0T HOBBIE TpaBUTOHBI. HOBBIE IpaBUTOHBI OKYTHIBAIOT SiAjpa aTOMOB, GOPMUPYS
rPaBUTALMOHHBIC MOJIS1 aTOMOB, a TAK)KE€ OKYTBHIBAIOT, COCTOSIINE U3 3TUX aTOMOB
IpaBUTHPYIOLIUE Tela, 00pa3ys rpaBUTALMOHHbIE TOJIS TPABUTHUPYIOIIHX Tell.

Tak U3 OCKOJIKOB CTapOi BCEIIEHHOM POMKIAETCS HOBAsl BCEJIEHHAs.

VY ckopeHune paciIMpeHns BCEICHHON ONPENEseTCs TEM, YTO PACIIUPSAIOIIASICS
BCEJICHHAs MOTJIONIAET MAaTePUIO COCETHUX BCEJIEHHBIX, U S[pa aTOMOB 3TOW MaTepuu
BKJIIOYAETCS B MPOLECC PACIIUPEHUS HALIEH BCEJICHHOM.

['unioresa o pokAEHUHU HALLIEH BCEJIEHHOW MOCPEICTBOM BpallaTEIbHOrO pa3pbiBa
PaBUTOHHOMU 3BE3/Ibl COTIIACYETCS C U3BECTHBIM (PaKTOM, YTO MOAaBIIsoNIEe OOIBIINHCTBO
rajakTHK Halllell BCEJICHHOM, SIBISACh OCKOJIKAMU I'PABUTOHHOM 3BE€3/bl, BPAILIAETCS B OJHOM U
TOM K€ HAIPABJICHUH.

2. Kondurypanusi rpaBUTAllMOHHBIX MOJIel

Bce rpaButnpyroniue Tena reHepupyroT CBOUMH SIIPAMUA aTOMOB T'PAaBUTOHHBIE LIEMTOYKH.
U Bce rpaBuTHpyIONIKE TEla MOTIOMIAI0T TPABUTOHHBIE IIEMOYKH, UCXOSIINE OT APYTUX
TPABUTUPYIOLINX TEN.

Takum oOpaszam, KOHpHUTYpaIUs TPAaBUTAIIMOHHBIX MOJIEH XapaKTEePU3yIOTCS IBYMS
BCTPEYHBIMH IMOTOKAMH I'PaBUTOHHBIX LIEMTOYEK. BCTpEeUHOCTh ompenensercs TeM, 4To
TPABUTHUPYIOIINE T€Ia TEHEPUPYIOT TPABUTOHHBIE IIEMTOYKH, MAarHUTHAS TOJSPU3ALMS KOTOPBIX
MMEET HallpaBJIEHUE I0T—CEBEP K LIEHTPY Tea, a MOTJIOMIAIIINE 3TUM TEJIOM I'PAaBUTOHHBIE
[EMOYKH UMEIOT OOPATHYIO MOJISIPU3AIUIO — CEBEP-IOT K LIEHTPY Tea.

CuItoBbIE JINHUM TPaBUTALMOHHBIX MTOJIEN BOKPYT IBYX TPABUTHPYIOLIUX TEIl
pacrpoCTpaHAIOTCsl aHAJTOTUYHO TOMY, KaK 3TO JI€JIAl0T CUJIOBbIE IMHUU MEXKY IBYMS
Pa3HOMMEHHBIMM 3JIEKTPUUECKUMH 3apsiaamMu. To eCTh, BCTpEUHbIE TPABUTOHHBIE LIEITOYKH
COCIIMHSIOT TPABUTHPYIOIIUE TeJla HE TOJIBKO M0 BceMy (POHTY MPUTSHKCHUS TEJ, HO H C
00paTHBIX CTOPOH ITUX TEJI.

K mpumepy, obparnast cropona JIlyHsl coeuHeHa ¢ 00paTHOM CTOPOHOM 3eMIIH, UTO
SBJISICTCSI IPUYMHON 00pa30BaHUsI 0OpPaTHOTO ropOa MPHIIMBA BOJAHBIX Macc Ha 3eMIie.
OO0patHblif rop0O HIKE JIMIIEBOIO IOTOMY, YTO ()POHTAIBHBIE IPAaBUTOHHBIE IIETIOYKH KOpPOUe
TPaBUTOHHBIX IIETI0YEK, COCAUHSIOMINX TPAaBUTHPYIOIIHE Tela ¢ 0OPaTHBIX CTOPOH.

['paBUTOHHBIE LIETIOYKHU, KOTOPHIE MOMIOLIAIOTCS TPABUTUPYIOIIUM TEIIOM,
MPUTATUBAIOTCS BEIIECTBEHHBIMHU I'PAaBUTOHAMHU C COOTBETCTBYIOIIEH MarHUTHOU
noJisipu3anuei. A TpaBUTOHHBIE IIEMOYKH, KOTOPBIE UCXOAST OT IPABUTHUPYIOLIUX TEJl,
MPUTATUBAIOTCS FTEHEPUPYIOIIMMH UX sIpaMu aTOMOB. Tak, MarHUTHAsi THAYKLHS BCTPEUYHBIX
MOTOKOB IT'PABUTOHHBIX LIETIOYEK OMPEAEIAET NPUTIKEHUE KOCMUYECKUX TEN IPYT K JIPYTY.

PesynpTupyronias cuia BceX rpaBUTOHOB, YYaCTBYIOLIMX BO B3aUMOJEHCTBUHU JIBYX Tell,
a Tak>Ke JABYX 3aps/iOB, PacloioKeHa Ha MPSAMON, COSIUHSIONIEH EHTPhI TUX TeJl U 3apsI0B.

Cuna npuTsKEHHS TN APYT K Apyry, o pacueram Mcaaka HprotoHa, npsimo
MPOIMOPIMOHANIEHA TIPOU3BEICHUIO TPUTATUBAIOLIUXCS MAaCcC,  0OpaTHO MPOIOPIIHOHAIIbHA
KBaJpaTy pACCTOSHUS MEXITY HUMU.

OOpaTHas MPONOPIIMOHATHFHOCT KBaJIpaTa PacCTOSHUS MEXY TeJIaMH OMPeIesieTCs
TEM, YTO COEMHSIONINE Tela IPaBUTALMOHHBIE [IEMOYKH MOCTOSHHO MOJIBEPratoTcs
paspymaroieMy BO3IeHCTBUIO AJIEKTPOMArHUTHBIMU BOJIHAMU, ()OPMUPYIOLITUMUCS
3JIEKTPOHHBIMH U IMO3UTPOHHBIMHU 3apsiAaMH.

DIIEKTPOMArHUTHBIE BOJIHBI, PACIIPOCTPAHSIOIINECS B TPABUTALIMOHHOM I10JIE, U
MOJISIPU3YIOIIME TPABUTOHBI 110 CBOUM 3aKOHAM, MPSMO U HEITOCPEICTBEHHO pa3pyllaeT
OJIHOHAIPABJIEHHOCTh MAarHUTHOM MOJSIPU3ALUN HEKOTOPOT'O0 KOJIMYECTBA IPABUTOHHBIX
LENOoYeK, YTO U 00pazyeT 00paTHYIO KBAAPATUYHYIO 3aBUCUMOCTD CUJIBI IPUTSKEHUS TEJ IPYT K
JIPYTy OT PACCTOSIHUS MEX1y HUMHU.

[Ipy 3HAYNTENBHBIX PACCTOSIHUAX MEXKY TEJIIAMH 3JIEKTPOMArHUTHBIE BOJIHBI OJHOCTBIO
OJIOKMPYIOT BO3MOKHOCTh YCTAHABJIMBATH MEXKAY TEJIaMU OJTHOHAMNPABICHHYIO MAaTHUTHYIO
MOJISIPU3ALUIO TPAaBUTOHHBIX LEMOYEK.



3. [IpuynHa HHEPUUH — JIOPEHIIEBO COKPAIlleHHe

OcCHOBOM MHEPLMOHHOTO ABUKEHHUSI SIBJISIETCS JIOPEHIIEBO COKPAILIEHUE JIMHBI
JBUXKYIIUXCS TE BJIOJIb BEKTOPA UX JBIKEHUS.

Cuna unepuu GOpMUpPYETCsl, KOT/1a TEJIO ABHKETCS MOJ AeWCTBUEM BHEITHEH CHJIbI
paBHOMEPHO, MO0 C YCKOPEHHEM B TPaBUTAIMOHHOM T10Jie 60JIee MACCUBHBIX T, U TC
JBUXKYIIEeCs TeJI0 MPOHU3BIBAETCS BCTPEYHBIMU I'PaBUTOHHBIMU LIEMOYKAMHU, UCXOASIIUMHU OT
0oJiee MacCCUBHOTO Tella U COCEAHUX TEJL.

B Hanuuuu Takoil neopManivy He MPUXOJUTHCS COMHEBATHCS IOTOMY, YTO Hallle TeJo
UCIIBITHIBACT ATy JehOpMAaIIHIO, KOT/Ia MBI IBUKEMCSI C YCKOPEHUEM B TPAaBUTAIIMIOHHOM I10JI€
3eMIIH.

JIBM>KEHHE TeNa OCYIIECTBIIIETCS BMECTE CO CBOMM IPABUTAIIMOHHBIM II0OJIEM, TO €CTh,
BMECTE C UCXOJALIMMHU OT TeJla TPAaBUTOHHBIMH 1IETIOYKaAMHU.

W ecnu Ten0 MOKOUTHCS, OTHOCUTENHFHO BCTPEUHBIX TPAaBUTOHHBIX IIETIOYEK (K MIPUMEDY,
JISKUT HA TIOBEPXHOCTH 3€MJIM), TO BCTPEYHbIE I'PaBUTOHHBIE [IEMIOYKH MOTJIONIAIOTCS TEJIOM CO
BCEX CTOPOH PaBHOMEPHO, U LIEHTP MACCHI TeJIa U IEHTP €ro TPaBUTAIMOHHOTO TOJIS COBIAIAIOT.

Ecnu xe Teno aBuxercs, TO B KaKkOM Obl HAallpaBJIEHUH OHO HU JIBUTAJIOCh, OHO JIBUKETCS
HABCTPEUY BCTPEYHBIX IPABUTOHHBIX IIETIOYEK, UTO U OMpeeseT AeGopMaliuio Tena.

LenTp Maccel 1eOpMUPOBAHHOTO TeJla HE COBIAAET C IIEHTPOM €ro IPaBUTALIMOHHOTO
MOJIs, ¥ MKy dTUMH IIEHTpaMu (pOpMHUPYETCsS TPaBUTAIMOHHBINA TOTSHIIUAN, B BUE CHIIBI
uHepuuu. U xorga neficTByromias Ha TeJIO BHEIIHSS CUJIa UCYE3aeT, HAUYMHAET JeicTBOBATh
CHWJIa MHEPIIMH, KOTOpasi HalmpaBJieHa Ha ycTpaHeHHe NedopMalliy Tela, Ha MOMBITKY
MPOJOJKUTH IBUKEHHE Tea.

OOpazoBaHue CUIIBI HHEPITUH TeTa, TBUKUMOE BHEIITHEH CUJION B ToJie 6oee
MacCHBHOTO Teja, COMPOBOXKIAETCS (POPMUPOBAHUEM LIEHTPA MAcC MEXAY JaHHBIM TEJIOM U
0oJiee MacCUBHBIM TelIoM. M 3TOT IIEHTp Macc CIYKUT OMOPOi [IJIs IepeMENICHUs JaHHOTO Tela
B I'PaBUTAIMOHHOM T10JIe 00Jiee MaCCUBHOTO TeJa.

Takum 0Opa3om, y CHIIBI TPABUTAIIUN HET KAKOW-THOO0 OMOPHI 7S IIEPEMEIICHUS
TPaBUTHUPYIOLIUX TEJ, a Y CUJIbI HHEPIIMH €CTh TaKas ornopa.

@DaKT ABMKEHUS TPABUTAIMOHHOTO TIOJISl BMECTE C TEJIOM OTPAKAETCS M B IIOBCETHEBHOM
JKU3HU: KOrJla aBTOOyC Pe3KO TOPMO3UT, Hallle TeJ0, YBIEKaeMOe HAIIUM I'PaBUTAI[MOHHBIM
MOJIEM, TTBITACTCSI MPOIOJDKUTH ABIKEHUE. M, KeTaTu, 3TOT PakT CBUAETENHCTBYET O TOM, YTO
Macca Teja U Macca ero rpaBUTAllIOHHOTO MOJIsl — 3TO OJJHA U Ta K€ BeTMYMHA. A U3 3TOTO
dakra cieqyer caenaTh BBIBOJ, YTO 00pa3yIONIe rPaBUTAIIMOHHBIC TIOJISI TPABUTOHBI HE MOTYT
OBITH 0E€3MaCcCOBBIMHU YaCTHUIAMU.

Cuny uHEpIHH MTOKOS, B JTAHHOW KOHIETIINHI WHEPIINH, MOKHO OIPEICTUTh KaK CHUITY,
paBHYIO BHEIIHEW CUIie, KOTopasi, MPEeXk/ie YeM OCYIIECTBUTH IBH)KEHUE Tella, CO3aeT
nedopMalu Tela B HampaBIeHUH MPEANOIaraeMoro TBHKEHUSI.

Takum o0pa3om, HHEPIMS T, BKJIIOYas IUIAHETHI U 3BE3/IbI, ONPEACIAeTCS BHYTPEHHEH
CTPYKTYpOM TeJa U €ro TPpaBUTAIMOHHOTO TOJIsA. A aOCTpaKTHOE MHEPIIMOHHOE JIBIKEHUE,
0€30THOCUTENIbHO K BHYTPEHHEH CTPYKTYpE TeJa U €ro TpaBUTAI[MOHHOTO MOJIs, 3TO BBIAYMKA
MBICJIUTETICH.

W 3T0 cTaHOBUTHCSA OUEBUIHBIM, €CJIM TPOAHATU3UPOBAThH BBIIYMKY C HHEPLHATLHBIMU
CHUCTEMaMU OTCYETA.

4. Puiocodpcko-maTeMaTHyeckasi adOCTpakuus

Wuepuunanphas cuctema orcuéra 3To punocodcko-mareMaTHuecKas abCcTpakuus,
HCKaXkarollasi peaJlbHOCTh HAlllero MUpa.

Hckaxxenue, BO-NIEPBBIX, HAYMHAETCS C TOTO, YTO B 3TOHM CHCTEME IEMOHCTPUPYETCS
0€30THOCUTENIbHO JIBUXKYILIUECS HIIM MOKOSIIIIUECS Tela.

Torma kak B pealbHOM MUPE IBUKEHHUE U TTOKOU TeT OCYIIECTBISETCS TOJIBKO
OTHOCHUTEIIBHO JIPYTHX TEJl.

Bo-BTOpBIX, B 3TUX CHCTEMax HE OTPaXAIOTCs MPUINHHO-CIICICTBEHHBIC CBS3H
JTBUKYIIUXCS WM MOKOSMXcs Tell. U, kak ciencTBue, MHEpIHs ornpenessiercs Kak



OecripuuMHHAs CIOCOOHOCTH TeJa COXPAHATH COCTOSHUE MTOKOSI MIIA IPSIMOJIMHEHHOTO
PaBHOMEPHOTO JABUKECHUSI.

U, B-TpeThuX, B peaIbHOM MUpE HE CYLIECTBYET MPOCTPAHCTBA, TIE TEIa MOTJIN Obl
OecnpensiTCTBEHHO OCYIIECTBIISATH MPSIMOJIMHEHHOE paBHOMEPHOE JIBUXKEHUE, OO BCETICHHAs
3aroJIHEHA IPaBUTALMOHHBIMY NOJISIMHU, UCKPUBIIAIOIMMU, U IPSIMOJINHENHOCTD, U
PaBHOMEPHOCTb JIBUKEHUS TEIl.

Taxum 00pa3oM, MOKHO OJHO3HAYHO KOHCTATUPOBATh, YTO JAaHHAS CUCTEMA OTCU&Ta
JEMOHCTPHUPYIOT JIOKHOE OTPAKEHUE PEATBHOCTH.

Mo’kHO TaKkXe 0OJHO3HaYHO KOHCTaTUPOBaTh, YTO B IIyCTOM IPOCTPAHCTBE, 1€ HET HU
3¢upa, HU €ro «aTOMOBY», HEBO3MOXHO MMOCTPOUTH CUCTEMBI OTCUETA, I/1€ OBl aJ€KBATHO
pearbHOCTH OTPaXkaJIOCh ABMKEHHE BOOOIIE, U B YACTHOCTH JBH)KEHUE, TEHEPUPYEMOE
3JIEKTPUYECKUMH 3apsiIaMH U TPAaBUTUPYIOIIMMHU TEJIAMH.

WueprmanbHble CHCTEMBI OTCUETA B 0OBEKTUBHON PEATbHOCTH CYHIECTBYIOT TOJIBKO KaK
¢dunocopcko-MaTeMaTHUIECKUI HHCTPYMEHT JIJIsl pEeLIeHHs TEOPETUYECKUX 3a/1ad.

A Takoe abcTpakTHOE yOOKECTBO KaK MPOCTPAHCTBEHHO-BPEMEHHON KOHTUHYYM BOOOIIE
HE CIMOCOOHO PelIMTh HUKAKUX 3a]1a4.

5. MarHeTusM siBJIS€TCH HEHTPAJIBLHON CHII0M

[To Hamei runoTte3e NPUTHKEHUE TE APYT K APYTY ONPEAEISIETCS MarHUTHOM
UHIYKIMEH TPaBUTOHOB, KOTOPbIE, IPUTATUBASACH PA3HOMMEHHBIMU TOIIOCaMH, 00pa3yoT
TPABUTOHHBIE LIETIOYKN — CUJIOBBIE JINHUM T'PABUTALIMOHHBIX MOJIEH.

Kcratu, ¢pusndeckas Hayka, He BBISICHUB IPUPOY MAarHUTHON MHIYKLINHU, 0OBSBUTIA
CUJIy MarHeTusma HeleHTPAJIbHOU cuiioi. Ho MarmeTnsm Bcex BEIIECTB, IIJIAHET U 3BE3]]
OIpeAEIAeTCS MarHUTHOM MHIYKIIUEN TPAaBUTOHOB, KOTOPBIE TAK)KE ONPEEIISAIOT IEPEMEILIEHUE
3JIEKTPUYECKUX 3aPSAI0B U TPABUTHPYIOLIUX TEJL.

MarsneTtusm SBIISE€TCS UEHTPAIBHOW CUIIOW IIOTOMY, YTO PE3YJIbTUPYIOIIAs CHIIA BCEX
YYaCTBYIOIIMX BO B3aUMOJECHCTBUY I'PABUTOHOB HAXOAUTHCS HA MPSAMON, COETUHSIOMIEN IEHTPBI
NepEeMELIA0IIMNXCS AIEKTPUUECKUX 3aps10B U TPABUTUPYIOIIUX TEJ.

Macchl n31y4aroT rpaBUTOHHBIE LIETIOYKH, U MOTJIOMIAOT TPAaBUTOHHBIE LIETIOYKH,
M3ITy4YarOUMMH IPYTUMH TPaBUTHPYIOIIMMHU TEIaMH.

N3ny4€HHble TETOM IPaBUTOHHBIE [IEMOYKHU MPUTATUBAIOT K 3TOMY TEIy ApYyrue Tena. A
MOTJIOUIAIOIIME 3TUM TEJIOM IPAaBUTOHHBIE LIENOUKH MPUTITUBAIOT JAHHOE TEJIO K APYTUM TelaM.

W ecnu nBa Tena NpUTATUBAIOTCS APYT K IPYTy PaBHBIM KOJIWYECTBOM U3IIYYAIOIINX U
HOTJIOUIAOIIMX TPAaBUTOHHBIX LIEMIOYEK — 3TO 3HAUUT, YTO MBI UMEEM JIENI0 C IBYMS TEJIaMHU C
PaBHBIMU MacCaMH.

Ecnu xe Teno u3iayvaeT rpaBUTOHHbIC LIEOYKH B JIBA paza O0JbIIe, YeM MOTJIOMAET —
3TO 3HAYUT, YTO MBI KIMEEM JIEJIO C TEJIOM, Macca KOTOPOTO B JiBa pa3a 0oJibllie CBOETO aHTUIIO/IA.

Ho nuist Toro, yTo0b!I 60JIbIIIEe KOIUYECTBO LIEMOYEK UMETIO OONBIIYIO CHITY MIPUTKCHHUS,
JUIS1 3TOTO HYKHa Kakas-TO 0N0pa, B KOCMUYECKOM IPOCTPAHCTBE TAKOM OMOPBI HET, U IO3TOMY
KOCMHUYECKHE TeJa pa3INYHbIX MAacC NPUTATUBAIOTCS APYT K APYTY PaBHBIMU CHJIAMHU.

6. BzanmonaeiicTBre rpaBUTALMOHHBIX TOJIEi

B MexaHu3Me rpaBUTaIlMi UMEET MECTO OBITh TAaKOW JIEMEHT, KaK BCTPOCHHOCTD Tella
BMECTE CO CBOMM I'PABUTOHHBIM I10JIEM B IPaBUTALMOHHBIE TOJIS 00JI€€ MACCUBHBIX Tell.

JlyHa BcTpoeHa B rpaBUTALlMOHHOE IT0JIe 3eMin. 3eMilsl BMecTe ¢ JIyHOi BcTpoeHa B
rpaBuTanuoHHoe nojie ConHna. CojHIE BMECTE CO CBOMMMU IIJIaHETAMU BCTPOEHO B
IPaBUTALMOHHOE T10JI€ LIECHTPAJIILHOI'O TeJa Halllel TaJlaKTUKH.

Bcerpoennocts 3emiu ¢ JIyHoil B rpaBuTanimoHHoe noJie CoyHIa Mpeanonaraet, 4To
CouHIle IPUTATHBAET, HE OTAENBHO 3eMiIto 1 JIyHy, a MOJIBHKHYIO a0CTPaKTHYIO TOUKY,
HaxOJIAIIYIOCS BHYTPH TeJia 3eMJIM, Ha3bIBaeMYI0 OapHIieHTpoM crucTeMbl «3emisi—JIyHna». Ho
3TOT OAPULIEHTP CYILECTBYET HE TOJBKO B (hopMe aOCTPaKTHOU TOUKE, HO U B popme
KOHKPETHOT'O COBMECTHOT'O TPaBUTAIMOHHOTO 1101t 3emutk ¥ JIyHbl. U 3TOT TaHmem 3emitn ¢
JIyHOl CBOMMH IPaBUTALlMOHHBIMU LIETIOYKAMHU 3aHUMAET IIPAKTUYECKHU BCE IIPOCTPAHCTBO
COBMECTHOTI'O I'PaBUTAILMOHHOTO 1oJs 3emui U JIyHbl. Y TonpKO Masnast 4acTh TpaBUTOHHBIX



nernovek CoJHIa JOCTUTAET MOBEPXHOCTH 3€MIIU U TEHEPUPYET COTHEUHBIE MPUIUBBI, KOTOPBIE
MPAKTUYECKH BJIBOE MeHbIlle JIYHHBIX IPUITUBOB.
Yacrtb Tperbs. He Bcé B MUpe 0THOCHTEILHO
1. Pe3rome

Yuénvie ucnokon eexos 6winu 03a60uensvt nouckom 6o Bcenennoii mouku omcuéma,
OMHOCUMENbHO KOMOPOU MONCHO ObLIO0 0OHO3HAYHO onpedeiums, K npumepy, 3emis Kpymumcs
sokpye Coanya, unu Haobopom.

Hu cucmema IImonemes, nu cucmema Koneprnuxa ne ooraoarom maxotui
0OHO3HAYHOCMBIO.

3axonwl Kennepa makaice ne nposcusem 3mom 60npoc.

Teopusi omnocumenvuocmu JiHwmenna npeonoiazaem pasHonpasue obeux moiex
3peHus.

Ho ona mnoeux uccnedosameneii 60npoc ocmagancsi OmKpolmviM.

U 6om, Haxowney, 00HO3HAYHOCMb, KAK 6YOMO Obl, NOABUTOCD.

Oo0Ho3HauHOCMb OpMUPYEmMCsL pA3ZHOCMbIO 2PABUMAYUOHHBIX NOMEHYUATIOB.

2. 3aKOH pa3HOCTH I'PABUTALMOHHBIX MOTEHIIMAJIOB

N3BecTHO, UTO cucTeMa U3 JBYX KOCMUYECKUX TeJl, ABUTAsICh B TPABUTAIMOHHOM I10JI€,
NoJ1 AeCTBUEM I'paBUTALMU U HHEPLUH, POPMHUPYIOT TOUKY BpAIICHUsI, HA3bIBAEMYIO LICHTPOM
Macc, TJe Telo ¢ 0oibleii Maccoi HaXOIUTCs OJMKE K TOUKE BPAIICHUS, YEM TEJIO C MEHBIIOH
Maccoil.

U Takoe moBeficHHE TN SBJISETCS U3BECTHBIM (PAKTOM.

Ho aToT akT 10 cux nmop He MOIydusI TOJKHOTO OCMBICTICHHUS.

Ecnu B macce Connna cocpegoroueHo 99,866% maccel COJIHEUHOM CUCTEMBI, TO
MOHSTHO, 4T0 COJHIIE SIBJIIETCS HEHTPOM BpPALEHUS IJISl BCETO, YTO BPAIIAE€TCs BOKPYT HETO.
[Tpuuém, 1IeHTp BpalleHus SBISETCSI HE OTHOCUTENLHBIM, a a0COMIOTHBIM 1711 COTHEUHOM
CUCTEMBI IIEHTPOM BpalIeHHsI, 03HAYaIOIIUM YTO HU 0JHO Teno CONMHEYHOU CUCTEMBI, HU TIPU
KaKuX 00CTOSTENLCTBAX HE CIIOCOOHO CTAaTh LIEHTPOM BpamieHus: COTHEYHOU CHCTEMBI.

Takum 06pa3om, pa3HOCTh TPABUTAIMOHHBIX MTOTEHIINATIOB (OPMUPYET OOBEKTUBHBINA U
a0CONIOTHBIN (7151 JAHHOM CHCTEMBI TeM) IIEHTP BpallleHus, 00pa3ys MPUBUIETUPOBAHHYIO
CUCTEMY OTCYETa, MPUBUWIETUPOBAHHOE COCTOSIHUE JIBU)KEHUS, TJI€ Tela C MEHbIIIOW Maccoii
BpAIIAIOTCS BOKPYT TeJI ¢ OOJBIIEH Maccoil, M HET TAKHX CHCTEM, /i€ MOXKET OBITh HA00OPOT.

BBuny BaxxHOCTH 3TOTO siBieHUS ((hOpMUPOBaHKE MPUBUIETUPOBAHHBIX CUCTEM OTCUETA
Pa3HOCTHIO TPABUTALIMOHHBIX MOTEHIIMAJIOB) MBI BO3BEJH 3TO SIBJICHUE B PAHT 3aKOHA - 3aKOH
Pa3HOCTH IPaBUTALIMOHHBIX MTOTEHINAIOB.

3. JJeiicTBHe 3aKOHA Pa3HOCTU I'PABUTALMOHHBIX MOTEHIIHAJIOB

Pa3HocTh rpaBUTAIIMOHHBIX TOTEHLIUATOB (DOPMUPYET CUCTEMBI TPABUTUPYIOLIUX TEM,
BHYTPHU KOTOPBIX UMEIOT MECTO OBITh MPUBUJIETUU OJJHUX TEJ, IO OTHOLICHHUIO K APYTUM TellaM
3TOM CUCTEMBI TEI.

To ectb, B cucreme ten «Coinnie — 3emiist», ColHIlE UMEET NPUBUIIETUIO TOKOUTHCS, &
3emutsi IMeeT MPUBMIIETHIO IBUTAThCs BOKpYT ComHia. M He MoxkeT ObITh HA000pOT
(He3HAUUTENHHOE TIEPEMEITICHHE TeN ¢ OOJIBIIMMH MAacCaMHU 37€Ch U Jaliee MbI IIpeHeOperaem).

Pa3HoCTh rpaBUTAIIMOHHBIX TOTEHIIMATIOB TaK ke (OpMHUpPYET MPUBUIIETHUIO CBOOOIHO
MaJarOIIUM TeJIaM MaJaTh Ha TJIABHBINA (B JAHHOW CHCTEME TEJ) HICTOYHHK TpaBUTAuu. S1610K0
najaer Ha 3eMJIo0, a He Ha00OpOT.

Pa3HOCTh TpaBUTAIIMOHHBIX TOTEHIIMATIOB TaK e (OPMUPYET MPUBUIIETHIO 3eMIIN
0CTaBaTbCA B MTOKOE, KOT/Ia Tella, MO AeUCTBUEM KaKUX-TH00 IBUXKYIIUX CUJI, OTTAJIKUBAsSICh OT
3€MHOU MOBEPXHOCTH, IBUIKYTCSI OTHOCUTEILHO 3€MJIU.

TpamBaii IBUKETCS OTHOCUTEIIbHO 3eMIIH, a HE HA000POT.

4. I'paBUTAallNOHHO-TIPOCTPAHCTBEHHO-BPEMEHHAs CHCTeMa 0TCY€éTa

3aKOH Pa3HOCTH IPABUTALMOHHBIX MOTEHIMAIOB MPEIOIaraeT, 4YTo ONUCaTh IBUKEHUE
Y TIOKOW pPeabHBIX O0BEKTOB MU O0OHEKTOB MBICIICHHOTO KCIIEPUMEHTA a/IEKBAaTHO PEaTbHOCTH
MO’KHO, TOJIbKO, KAK MUHUMYM, B IATUMEPHON CUCTEME OTCUETa.



[IatumepHas cucrema OTCYETa, KPOME YETBIPEX U3BECTHBIX IIapaMETPOB, UMEET BEKTOP
rpaBUTALMU, KOTOPBIN MOKA3bIBAET HAIIPABICHUE NPUTSKEHUS TJIABHOTO B TAHHOW CUCTEME TEl
MCTOYHUKA I'PAaBUTALIUH.

Ecnun noctpouTs NATUMEPHYIO CUCTEMY OTCUETA HA BEKTOPE IPaBUTALINH,
MIOKA3bIBAIOLIEM HAIIPaBJICHHUE TPUTSHKEHUS TJIABHOTO TPaBUTHPYIOIIETO TeJla HAlEH rajlakTUKH,
TO mipaBoTa KomepHuka cTaHeT OYeBUIHOM, KaK U OMIMOOYHOCTH [ITONMEemesl.

B rpaBuTaninOHHO-IIPOCTPAHCTBEHHO-BPEMEHHOM CUCTEME OTCYETA HET BO3MOKHOCTH
MPOU3BOJIBLHO HA3HAYATh Teja (CUCTEMbI OTUETA) ABMKYIIUMHUCS WU TOKOSIUMUCS TIOTOMY,
YTO NATUMEPHAS CUCTEMA OTCUETA NIOKA3bIBAET, 10 KAKUM IIPUUMHAM B3aUMOJAEHCTBYIOLINE TEa
HAXOJATCS, TMO0 B COCTOSIHUHM OTHOCHUTENBHOTO TOKOS, JTMO0 B COCTOSIHUA OTHOCUTEIILHOTO
JBUKECHUS.

B rpaButannoHHO-IPOCTPaHCTBEHHO-BPEMEHHOW CUCTEME OTCUETa HE CMOT ObI POJIUTHCS
abcypa o 3aMeUIeHUH BpEMEHH, MO0 MBICIICHHBIH SKCIIEpUMEHT DWHIITENHHA, TIe I0Ka3bIBAETCS
OTHOCHUTEJIBHOCTh OJIHOBPEMEHHOCTH, U TJIe¢ DUHIITEHH MPOU3BOJIbHO HA3HAYAET Tela
JBYDKYIIUMUCS, WA TIOKOSIIIIMMUCS, HE COOTBETCTBYET OOBEKTUBHON PEaTbHOCTH.

MaremaTuyecKu-reoMeTpuyecKasi TEOpHUsl TATOTEHUS] DUHINTEITHA TaKKE HE
COOTBETCTBYET OOBEKTUBHOM (pr3nUecKOl peanbHOCTH, IOTOMY, YTO OHA HE CIIOCOOHA OIUCaTh
MPOLIECC MPUTSKEHUS TEJ IPYT K APYry PU3NYECKUMU TEPMUHAMHU.

Yacrte yerBépras. ' paBUTAlIMOHHO-IIO/IAPHAS MOJIe/Ib aTOMA
1. Pe3rome

Buoumo, nacmano epems 3anonnumos nycmomy mooeau amoma Pezepghopoa-bopa
HOMOMY, YmMO 3Ma nyCmoma 0eMOHCIMPUPYem HeCHCUMAEMOCMb amoMd.

Ilo Haweti cunome3e ama nycmoma 3an0aIHeHa MUHU BUXPAMU IPUPA — 2pABUMOHAMU,
KOmopule ANANMCA MASHUMHBIMU OUNOJIAMU.

Ipumsanymeoie opye K Opy2y pasHOUMEHHBIMU NOTIOCAMU 2PABUMOHbL 0OPA3YIOM
2pasuUmMayuoHHvle, MaACHUMHbLE U 2JIeKMPOMASHUMHbIE NOJIA.

I pasumon maxoice a61emcs KBAHMOM 2pABUMAYUOHHO20 NOJIS, 00PA3YI0Ue20 mejo
amoma, no CULO8bIM JTUHUAM KOMOPO20 6PAWYAIOMCSL INEeKMPOHDL.

I pasumonvl maxoice A6715emcs KGAHMAMU 2PABUMAYUOHHO20 NOJA, 00paA3yIouie2o meia
s0ep amomos, epaujerue KOmopwix ¢ 02POMHOU CKOPOCMbIO ONPeOensitom CUIbHOe
83aumooeticmeaue, YNI0OMHssL Mamepuro 00 KOIOCCANbHbIX GEIUYUH.

K momy orce, suoumo, nacmano epems enecmu ACHOCMb 8 BONPOC O MOM, KAK HCe AMOMbl
COeOUHAIOMCSL 8 MOIEKYIbL.

2 I'unore3a Anekcanapa Cenaca

Hekro Anekcanap Cenac (10) npennaraer runoresy, KOTOpYIO OH Ha3Baj MOJISIPHON
MOJIEJIBIO aTOMA, I/I€ AJIEKTPOHBI, BpAallalOIUecss BOKPYT A1pa, paclpeesIeHbl 10 IBYM
II0JIF0CAM, PAaCTATMBAIOLINM SIIPO aTOMa B TPOTUBOIOJIOKHBIX HAIIPABJIEHUAX. A caMo A1po,
00pa3oBaHHOE MPOTOHHO-HEUTPOHHBIMH MTapaMu, pacTATUBaeMOe KyJIOHOBCKUMU CHJIaMH,
mpecTaBisieT co00i curapooOpa3HbIil OCTOB ¢ TPUMBIKAIOIIUMU K HEMY OOKOBBIMU BETBSIMHU.

[IpuBnekaTenbHOCTh ITOM TMITOTE3bI 3aKIFOYAETCS, PEXKIE BCErO, B TOM, YTO IPOTOH-
HEUTPOHHBIE Maphl HE CBAJICHBI B OJIHY Ky4Y, a IPEACTABISIOT COO0M yIOPSIIOUHYIO CTPYKTYPY,
r7ie, cienys Joruke Tabnuibsl Meneneesa, NpOTOH-HEHTPOHHBIE TAPHI MTOCIIEI0BATENIbHO, OHA
3a Apyro, MPUCOEAUHSIOTCS K OCTOBY M OOKOBBIM BETBSIM.

[To »T0l runoTe3e OOJBITUHCTBO ATOMOB UMEET (POPMY DILTUTICOMTHOM cephl.

I'mnore3a Anekcanzpa Cenaca 1aeT BO3MOXKHOCTb IIOHATh 3aKOHOMEPHOCTb,
Ha0JII0/TaEMYIO B OMBITE: OCKOJIKH siJIpa aToMa MpH JEJICHUH, HE3aBUCUMO OT Pa3IMYUil X Macc
Y DHEPI'Ui, pasnerarorcs cTporo nox yriom 180 rpamycos.

Jlenenue siipa IPOUCXOAUT MEPBOHAYAIBHO O] IEUCTBUEM KYJIOHOBCKOTO
pacTATUBaHMS JIpa HaXOJALIMMUCS Ha MOJII0CAX 3JIEKTPOHAMU. 3aTeM, KOTJja OCKOJIKM HAUYHYT
(dbopMUPOBATH HOBBIN ATOM, YaCTh AJIEKTPOHOB C MOJIIOCOB MEPECKOUYUT HA (OPMUPYIOLTUECS



MOJII0Ca, KOTOPBbIE OyIyT OTTAJIKUBATHCS APYT OT JAPYyra, FeHepUpyst KHHETUYECKYIO SHEPTUI0
pa3IeTaroIMUMCS OCKOJIKAM.

[Tonspnas monens aroma Anexcanapa Cenaca okas3bIBaeT, KakK JBa 3JEKTPOHHBIX
IIOJIFOCA, PACTATMBAIOLIMX aTOM B IIPOTUBOIOJIOKHBIX HAIIPABICHUSAX, IPU YBEIUUYECHUU
KOJINYECTBA PACTATUBAIOIINX 3JIEKTPOHOB, MOBBIIIAET CIIOCOOHOCTh aTOMOB CaMOIIPOU3BOJIBHO
pacrnaznartbcs.

I'mnore3a Anekcanzpa Cenaca BMECTE C HallIMMU NPEACTABIEHUSAMU O IPaBUTOHAX —
MarHMTHBIX JUIIOJIEH, KOTOPBIE SBISAIOTCS OCHOBOM MarHETU3Ma aTOMOB U MOJIEKYJI, JIETJIN B
OCHOBY TMIIOTE3bl I'PABUTALMOHHO-TIOISIPHON MOJENIN aTOMA.

3. Hama MmoaeJn aToMa

Ilo Hame# runoTese TEI0 aTOMa CI0KEHO U3 «KUPIUYUKOB)» MaTepUU — I'PaBUTOHOB.
AToM npezcTaBisieT coOO0N MaTpELIKy ¢ BIOKEHHBIMU JIPYT B Jpyra rpaBUTOHHBIMU c(hepamu,
KOTOpBIE SIBJISIOTCS CUJIOBBIMM JIMHUSIMU TPaBUTALMOHHOTO TOJIS aTOMa, 110 KOTOPBIM
BPAILAIOTCA JIEKTPOHBI.

Cdepsl 00pa3yroTcs 3a CUET BpaIlleHUsI C OTPOMHOM CKOPOCTBIO Jpa aToMa, KOTOpoe
CO34a€T CBOMM BpAalICHUEM I'PABUTALIMOHHBIN OTEHINAN, YIUIOTHSISI MATEPHUIO B IPE aTOMA 10
KOJIOCCAJIbHBIX BEJTUYHH.

OHEepPruro BpalleHUs A1ep aTOMOB FEHEPUPYETCS PETUKTOBBIM U3JIyYEHUEM.

KadecTBeHHBIM MEpeX010M MEXy SJCPHBIMU 1 aTOMHBIMU T'PaBUTOHHBIMH chepamu
ABJISIETCSA TO OOCTOSATENBCTBO, UTO SAJIEPHbIE TPABUTOHHBIE C(HEPHI SBIIAIOTCSA TE€HEPATOPOM
BpAIICHUS, @ ATOMHBIE TPAaBUTOHHBIE CPEPHI ABISAIOTCA NOTPEOUTENEM SHEPTUU BPALCHHUS.

CKOpOCTb BpallleHHUs] aTOMHBIX TPABUTOHHBIX Cep — OT siApa K nepudepun atoma —
MIOCTETIEHHO 3aTyXaeT, ¥ MOCJIEAHNE OT SApa TPAaBUTOHHBIE Cephl MOKOATCS, OTHOCUTEIBHO
00pa3yIoLIero ero BelecTsa.

Boxpyr BeliecTBEHHBIX MacC I'PaBUTOHHBIE CEephl MOKOATCS, OTHOCUTEIHHO
IPaBUTHPYIOLIETO TeNa, 00pa3ys, TAKUM 00pa3oM, JBIKYILEECS BMECTE C TEJIOM,
IPaBUTALOHHOE TOJIE.

BaneHTHbIe CBA3M MEXIYy aTOMaMU OINIPEAEIAIOTCA UX MATHETU3MOM.

I'nnore3a A. AMrniepa o0 IpUpo/ie MarHeTU3Ma, OCHOBaHHAs Ha TOM, YTO aTOMBI BCEX
BELIECTB, BPAIasACh BOKPYT SAApa aTOMa, TCHEPUPYIOT MUKPOTOKH, POXKAAIOINE MATHETU3M
aToMa, HE BEpHa.

Marnetnsm aroma onpenensercs 3apsA0BOi HEYPaBHOBEILIEHHOCTBIO IIOTOMY, YTO
OTPULATENIBHBIN U MTOJIOKUTEIbHBINA OTEHLUANBI IEHCTBYIOT NEPIIEHANKYIIIPHO APYT APYTY.

DJEKTPOHBI, KOTOPBIE B CBOEM JIBHIKEHUU BOKPYT sA1(pa JENATCS Ha ABE TPYIIIIHI,
10/1eJIEHHBIE TIOPOBHY (MJIM C pAa3HULIEN B OJIMH JIEKTPOH), TEHEPUPYIOT OTPULIATEIbHBIN
IOTEHLINAJ, KOTOPBIH, BO-IIEPBBIX, CHJIAMHU IIPUTSHKEHUS PACTATUBAIOT SAPO B
IIPOTUBOINOJIOKHBIX HalPaBJIEHUX, 4, BO-BTOPBIX, JIPYroil CTOPOHOM CBOErO MOTEHIMAIA
IPUTATUBACT MOJIOKUTEIBHBIC IOTCHIIMAIIBL AEP APYTUX aTOMOB.

A B s7pe aTOMa IPOTOHBI, PACTIHYTbIE MEXKAY ABYMsI IPYIIIaMH 3JIEKTPOHOB,
TECHEPUPYIOT MOJIOKUTEIbHBIE TOTEHIIUANBI, KOTOPBIE, BO-IIEPBBIX, IPOTUBOACHCTBYIOT
PacTATUBAHMUIO s171pa, a, BO-BTOPHIX, IOTEHLIMATIOM, AEUCTBYIOLINM NEPIEHAUKYISIPHO INIOCKOCTH
BpAILCHUS MIEKTPOHOB, MPUTATHBAIOT JJIEKTPOHBI IPYTrUX aTOMOB.

[IprunHO BpalieHNe 3JIEKTPOHOB B aTOME SIBJISIETCS BpAIlEHUE Spa BMECTE C
M3ITy4alOUIMMHU ITOJ0KUTEIbHBIA TOTCHIAA IPOTOHAMM.

DNEKTPOHBI HENOABUKHBI, OTHOCUTENIBHO PYT Ipyra, KpoMe NEpUOoI0B, KOrJa OHU
MEHSIOT CBOM DHEPIreTUYECKUE YPOBHH.

JIBUKEHUE IIEKTPOHOB B aTOME OCYIIECTBIISICTCS B COOTBETCTBUE € 3aKOHAMU
KJIACCUYECKOH JIEKTPOIUHAMUKH.

4. Knaccnyeckuii npouecc GopMHUPOBAHUS MOJICKY.JI.

@®oT0 aTOMa BOAOPOAA, CAETAHHOE TPU MOMOIIH (POTOMOHU3ALMOHHOTO MUKPOCKOTIA,
IIOKa3bIBAET, YTO JIEKTPOHBI BPAILAIOTCS BOKPYT siipa aTOMa He [0 OpOUTalIsIM, a 10 opOuTaM,
OIpeAEIAEMbIM 3aKOHAMU KJIACCUYECKON IEKTPOAUHAMUKH.



Bunets Ha poTO MonHONEHHBIE OPOUTHI M YIOPHO MPOJIOJIKATH Ha3bIBATh UX
opOUTANSIMHU ATO, HA HALI B3TJIS, IOX0XKE Ha MU30(PPEHUIO.

BasnieHTHbIE CBSA3U MKy aTOMaMU OMPEEAI0TCS X MarHeTu3MoM. MexaHu3m
MarHeTu3Ma aToMa ONMCaH BBIILIE.

Hanpumep, B Mosekyiie BOIopoa 1Ba aTOMa COEIMHEHBI IBYMsI 3JIEKTPOHAMH, KOTOPbIE
MOKHJIAIOT T€JIa CBOMX ATOMOB U PACIIOIATAKOTC MEXKIY 3THUX TEN B BEIIECTBE, KOTOPOE
00pa3yloT 3Tu aToMbl. TO €CTh, B INIOCKOCTH BPAIIEHUS 3JIEKTPOHOB 00pazyeTcsi CHIIOBOE
KOJIBLIO B BUJIE TIOKOSIIIINXCS B BEIIECTBE U MOJSPU30BAHHBIX JJIEKTPOHAMHU BEIIECTBEHHBIX
TPAaBUTOHOB, KOTOPBIE MPUTATUBAIOT BPAILIAIOIINECS ATOMBI.

B ciyuae, koraa, HanpuMep, MOJIEKYJIa KUCIOpoa 00pa3yroTcs MOCPEACTBOM ABYX MHap
AJIEKTPOHOB, KOHCTPYKIMS MOJIEKYJIBI UMEET JBa AIEKTPOHHBIX KoJiblla. M B 3TOM ciiyyae,
INPUTSKEHUE SAPAMH ATOMOB JIEKTPOHHBIX KOJIEL] CYMMHUPYETCS C OTTAIKUBAHUEM KOJIEL] IpYT
OT Jpyra.

Ecnu xe Monekyna azora oOpa3yercs MOCpeCTBOM TPEX Map IEKTPOHOB, TO
KOHCTPYKIUS MOJIEKYJIBI UMEET TPH JIEKTPOHHBIX KOJIbIIA, OCYIIECTBISIONIUX CaMyI0 CUIbHYIO
MOJIEKYJIIPHYIO CBS3b.

Urto kacaeTcst aHTUIApAJJIENIbHBIX CIMHOB BaJIEHTHBIX 3JIEKTPOHOB, TO Y AJIEKTPOHOB HET
HUKAaKHAX CIIMHOB, HU BPAILATEIbHbIX, HU KBAHTOBBIX.

JIBa aToma GOpMUPYIOT MOJIEKYITY, €CIIA B TUIOCKOCTH BpPAIICHHS 3JIEKTPOHOB, OJMH aTOM
HMMeEET BpallleHHE 110 YaCOBOM CTPEJIKE, a IPYroi — MPOTUB YaCOBOM CTpesiku. B aToM ciiydae
BaJICHTHBIC 3JIEKTPOHBI B CBOMX OpOUTAX JBUXKYTCS HABCTPEUy ApYT K Apyry. Y mpu BcTpeuHoM
JBUKEHHUH 3JIEKTPOHOB, KOTJJa OHU MPUTATUBAIOTCS SIAPAMHU aTOMOB U OTTAJIKMBAKOTCS IPYT OT
Jpyra, B 3TOM cllyyae 00pa3yercs 3JeKTPOHHOE KOJIbIIO — CBSI3KA JABYX aTOMOB.

Momnekyiibl BEHIECTB €CTh CUCTEMA, HAXOAAIIAsACS B TMHAMUYECKOM PaBHOBECHUH, 1€
MPUTSKEHUIO 3JIEKTPOHOB sS,IpaMU aTOMOB IPOTUBOJEHCTBYET OTTATKMBAHUE BCTPEYHO
MOJIIPU30BAHHBIX SIIPAaMHU aTOMOB I'PAaBUTOHOB, 00Pa3yIOLIUX MOrPaHUYHbIE 00JIACTH TEJ
COEUHSIOIIUXCS aTOMOB.

Kcratu, B 1922 roxy mHemernkue pusuku O. [lItepr u B. I'epiax mocTaBuiIm OMBIT, HEIbIO
KOTOPOTo OBLIO0 M3MEPEHNE MAarHUTHBIX MOMEHTOB aTOMOB cepedpa.

Ham uHTEpeceH 3TOT ONBIT TEM, YTO aTOMBI cepedpa, B 3TOM OIIbITE
MPOJIEMOHCTPUPOBAIIU IPABUTAIIMOHHO-TIOJISIPHYIO MOJIENIb aTOMa. A UMEHHO,
MPOJEMOHCTPUPOBAIIU, UTO OJJHA 00JIACTh aTOMa UMEET IMOJIOKUTEIbHBIN MOTEHIIUAM, a Apyras
— OTPHULIATENbHBIN OTCHIIHAIL.

Takum o6pazom, nocrasienasiid O.1ltepaom u B.I'epaaxom onbIT, MoATBEpKIaET, YTO
aTOMBbI UMEIOT TPABUTALIMOHHO-TIOJIIPHYIO MOJIEIIb.

5. CuabHoe B3auMoaeiicTBae

Snpa aroma, Bpamasch ¢ OrPOMHOM CKOPOCTBIO, ONPEAEIISIIOT CUIIbHOE B3aUMOJEHCTBHE,
POXKIaroIIee B sApe aToMa CyIep MJIOTHYI0 MAaTepHIO.

KopoTkoaeicTBre CUIBbHOTO B3aUMOJICHCTBHE OOBSICHSICTCS TEM, YTO TPaBUTOHHAS
cdepa, obecreunBaroIero HATUYHE CYNep CHIBHOTO IPaBUTAIIMOHHOTO MOTEHIINANA, HAXOJUTCS
B HEMOCPEICTBEHHOM OJIM30CTH OT HYKJIOHOB.

3akpy4yMBaHHE BEIIECTBA B Ape MPOUCXOIUT 3a CUET OOJBIION TMHEHHOM CKOpoCTH
TPaBUTOHHBIX Ilenovek B chepax. [TorTomy korma paguyc cdepsl qocturaet pazmepa 0,7 dbepmu,
e€ 3aKpyuuBaionias cnocoOHOCTh OCIA0NIAETCS, U BO B3aUMOICHCTBIH MEXy HYKIIOHAMHU
HAa4YMHAET JIeMCTBOBATh KYJIOHOBCKUE CHIIBI OTTAJIKUBAHUS.

S nepHble JIEKTPOHBI U MO3UTPOHBI OTINYAKOTHCA OT ATOMHBIX [IOTOMY, YTO SIIEPHBIE
DJIEKTPOHBI U IO3UTPOHBI MEHBIIIE X ATOMHBIX COOPAThEB B IECATH THICAY Pa3.

Ho, HEcMOTps Ha TaKy!0 KOJOCCATBbHYIO Pa3HUILY PaJlyCOB, UMEET MECTO OBbITh
3apsAI0Basi HAEHTUYHOCTh MEXY SIACPHBIMU U @TOMHBIMU 3JIEKTPOHAMU U TO3UTPOHAMM.

Buaumo, Topouipl, reHEpUpYIOLIUE 3apsIbl TPABUTOHOB ONMPEEIAET BEIUUUHY 3apsi/ia
3JIEKTPOHOB M MO3UTPOHOB BHE 3aBUCUMOCTH OT PaJANyCOB I'PABUTOHOB.



6. He n3iryyarommii SJHepruio 3JIeKTPOH

KoHcTpyKius aekTpoHa TakoBa, 4TO MPUTSAHYTHIE K TOPOUIY T'PAaBUTOHBI 00pa3yroT
IIEKTPUYECKOE T0JIe. A IPaBUTOH, HAXOALIUIICS BHYTPHU TOPa, CBOMMH IMOJIFOCAMH
MPUTSTUBAIOT CHU3Y U CBEPXY JIEKTPOHA (TO €CTh, MEPIEHAUKYIISIPHO BEKTOPY €T0 JBUKEHUS)
I'PaBUTOHBI, 00pa3yIOIIMe MarHUTHOE IOJIE.

DJEeKTPOHBI, BpalllaloIIUecs: BOKPYT sIpa, M0 3aKOHaM 3JIeKTPOJUHAMUKHU 00S3aHbI
U3JIy4aTh SHEPTHIO.

3arajzika He U3JIy4arolllero SHEPTHUIO AIEKTPOHA OOBACHAETCS TEM 00CTOSTENHCTBOM, UTO
BpaLIalOIIUECs BOKPYT S/Ipa TPaBUTOHHBIE CPepbl UMEIOT YOBIBAIOIIYIO OT Apa CKOPOCTh
BpaieHus. Y moatomy, CHU3Y U cBepXy OT c(hepsbl, IO KOTOPOIl IBUKETCS SJIEKTPOH,
BpawaTcs cepbl, CKOPOCTh KOTOPBIX OTIMYACTCS OT CKOPOCTU BPAIIECHUS «AJIEKTPOHHOI
ctepsl.

A Tak KaKk MarHUTHasi COCTaBJIAIOIIAs AIEKTPOHA POPMHUPYETCs IEPICHAUKYISIPHO
BEKTOPY ABIKEHUS 3apsja, TO €CTh IPaBUTOHBI, 00pa3yloline MarHUTHOE MOJIe,
MPUCOEAUHSIETCS K 3JICKTPOHY CHU3Y M CBEPXY — TO MOHSATHO, YTO 3TU IPABUTOHBI C HIKHUX U
BEPXHUX TPABUTOHHBIX Cep HE MOTYT OBITh MPUCOSAMHEHBI, 10 IPUYUHE PACCOTIIACOBAHHOCTHU
CKOPOCTEH MX BpAIIEHUS C «AJEKTPOHHOI» chepoil.

3/1eCh HY’)KHO UMETh B BUJTy, UTO TPaBUTOHBI, 00pa3yroIlue TeJI0 aToMa, UMEIOT
MOJIIPU3ALUIO IOT-CEBEP, M0 HAIIPABIECHUIO K LIEHTPY BpallleHUs siipa atoma. M 31exTpoH,
BpaIlasich BOKPYT fJipa, B CBOEM JABUKEHUU OT TPAaBUTOHA K TPABUTOHY COXPAHSET CBOIO FOT-
ceBep MOJIIPU3ALINIO, I/I€ BEPX Y 3JIEKTPOHA CeBep, a HU3 — IOT.

['paBUTOHBI K€ ABMKYLIUECS PSIIOM C 3JICKTPOHOM B OJHOI U TOH ke cdepe
MOJIIPU3YIOTCS 110 HAMPABIECHUIO OT LEHTPa 3apsia, U 00pa3yrloT ANEKTPUUECKYIO
COCTaBJISIOLIYIO 3JIEKTPOHA.

DJeKTpOMarHuTHas BOJIHA B aTOME POXKAAETCs, KOT1a TPaBUTOH, 00JIa1al0MIuii 3apsaioM
3IIEKTPOHA, MOKKUask cepy, 0 KOTOPOil OH ABUTAJICS, IPEBpAIaeTCs B CBOOOTHBIN 3JIEKTPOH,
KOTOPBIN YK€ UMEET MarHUTHOE ToJI€.

CB0OOIHBII AJIEKTPOH MEepeceKaeT CUIIOBbIC JMHUN TPAaBUTALMOHHBIX MOJIEH aToma, —
COCTOSIIIIMX M3 MAarHUTHBIX AMUIOJEH, — U IO X0y CBOETO JIBH)KEHUS MOMAaeT B U3MEHSIONIee
CBOIO HaNpPsKEHHOCTh MarHUTHOE 110JIE CO CMEHOM TOJIOCOB, TI€ U POXKAAIOTCS SIEKTPOHBI U
MO3UTPOHBI ANEKTPOMArHUTHON BOJIHBI.

CuIioBbI€ JIMHUM TPAaBUTALMOHHOTO TOJII aTOMa HUYEM HE OTIMYAIOTCS OT CHJIOBBIX
JUHUN TPaBUTAIMOHHOTO MO 3emiin. Y moToMy CBOOOTHBIN 3JIEKTPOH IPH MEPEeCceUCHUN
CUJIOBBIX JIMHUM IPAaBUTALIMOHHOTO MOJISI 3€MJIU U3Ty4aeT JIEKTPOMAarHUTHYIO BOJIHY, TOYHO TaK
e, KaK U MpU NepecedeHUH CUIIOBBIX JTUHUM IPaBUTALIMOHHOTO IMOJIS JIOOBIX aTOMOB.

7. YHUBepCcAJbHbII KHPIUYNK CTPOUTEILCTBA siiep AaTOMOB

Bpaienue sapa aToMa reHepupyeT TaKylo IJIOTHOCTh BEILIECTBA, UTO B sIAPE AEHTEPUS]
IIPOTOH U HEHUTPOH OKAa3bIBAIOTCA IJIOTHO MPUKATHIMHU JAPYT K APYTY, YTO MO3BOJISIET IPOTOHY
3aXBaThIBaTh 3JIEKTPOH y HEUTPOHA.

Tak poxxaercs reHepaTop B3auMOIIPEBPALEHUN «IIPOTOH — HEUTPOH», KOTOPBII
00pa3yeT yCTOHUUBYIO CTPYKTYpY, IPEBPATUBLIYIO SAPO JEUTEpHs B YHUBEPCATIbHBIN KUPIUYNK
CTPOUTEIIBCTBA BCEX AJI€p aTOMOB.

Bce ocranbHble XMMUYECKHE JIEMEHTHI ITOJIY4ar0TCsl IOCPEACTBOM 3aXBaTa sAep
JeUTepus, Te SACPHOU BAJICHTHOM CBA3BIO MEKY ABYMs sIIPaMU JEUTEPUS SBISCTCA CBSI3Ka U3
JIBYX IPOTOHHO-HEHUTPOHHBIX Map, MPEBpaTUBILAs 3Ty Napy B alb(a-dacTUILy.

Yacrb nsiTasi. JJIeKTPOHHO-NIO3UTPOHHBIN TOK
1. Pe3rome
Hoeas konyenyus snekmpuiecmea Heooxoouma, npexcoe ce2o, NOmomy, Ymo 6
COBPEMEHHOU KOHYENYUU INeKMPUYECcmea MmoKoM NPo8OOUMOCIU 8 MEMANNAX NPUHAIMO



cuumamo 08uUdCeHUe c80000HBIX INIEKMPOHO8 NPU HENnOoO8Ud CHbIX UoHax. Toz20a Kak, ewé
o0gecmu 1em momy Hazao Papaoeli 6 c6OEM Onvime, — KOMOPbIl MONCEM NOGMOPUMDb TH00O0TU
WKONbHUK, — NOKA3AJ, YO MOK NPOBOOUMOCTIU MO 08UNCEHUE, KAK OMPUYAMENTbHbIX, MAK U
HOLOANCUMENLHBIX 3APAO0B.

Kpome moeo, cospemennasn konyenyus snekmpuyecmea He CnoCoOHa 00bACHUMD,
Hanpumep: Kakum oopazom d1eKmpudeckuii moxk 2eHepupyem MacHemu3m, KaK
OCYWeCmesemcs C8epXnPoBOOUMOCHIb, KAk pabomaem p-n nepexoo, u m.o.

Hosas konyenyus snexmpuiecmsa 001#CHA HAYUHAMBCS C OCO3HAHUS MO20, YMO I¢hup
ABNAEMCA He MOAbKO CPeOoli pacnpoCmpanenus céema, Ho U cpeooll, 8 KOMopoli
PACRPOCMPAHAIOMCS NPUPOOHbBIE U UCKYCCIBEHHbIE dNIeKMPUYecKue moKu.

DnekmpoHHO-nO3UMpPOHHBIU MOK PACNPOCMPAHAEMCS He 8 CAMOM NPOBOOHUKE, d 8
OKPYIHCAEMOM NPOBOOHUK IDUpe, NOMOMY-MO IMOM MOK 00 CUX NOP HUKEM He Oblll 0OHAPYICEH,
U 3a MOK NPOBOOUMOCTNU NPUHANU OBUNCEHUE, MAK HA3bIBAEMBIX, CB0O0OHBIX IJIeKMPOHOS.

DneKmpoHHO-NO3UMPOHHBII MOK PACNPOCMPAHAENICA CO CKOPOCMbIO C8emd, NOMOMY-MO
91eKMPOHHO-NOSUMPOHHDIL NEPEMEHHbIL MOK, NOKPBIBAsL pACCOSAHUE 8 MbICAYU KUOMEMPOS,
ycnesaem npoumu om UCMOYHUKA 00 nompebumens (00HY HOLYBOIHY) 3d OOHY COMYIO 000
cexynowl (50 eepy). Toeoa kak ckopocmv 08UNCEHUSL CBOOOOHBIX INIEKMPOHOB COCMABIAem mpu
canmumempa 6 ceKyHoy.

Ipuyunoii snexmpuiecko20 conpomusieHus 21eKmpoOHHO-NO3UMPOHHO20 MOKA
A61Aemcs mom akm, umo c00600HbIE INEKMPOHbL, NPUMALUBAACH K NOZUMPOHHOMY HOMOKY,
MOPMO35Mm €20 O8UNCEHUE.

Tlomomy-mo "npumoposxa” c60600HbBIX 21eKMPOHOE K AMOMAM AGNIAENCS NPUHUHOU
C8epXNPOBOOUMOCTIU.

2. DJIeKTPOMATHUTHAS UHIYKIHS

JBectu et Tomy Hazan Papajield MOCTaBUII OMBIT, TIE JEMOHCTPUPYETCS MOTyYEHUE
TOKa B TaJIbBAHOMETPE MPH JABIKCHUN MarHuTa B KaTyIIKe WHIYKTUBHOCTH.

CerojiHsi, OCMBICIISISL OTOT OIIBIT, PUXOAUTCS JIENIATh BBIBOJI: COBPEMEHHAsI TEOPHS TOKA
MIPOBOAMMOCTH B METAJUIMUECKUX MPOBOIHUKAX OIIMOOYHA TIOTOMY, YTO OCHOBOM 3TOM TEOpHUH
SIBJISIETCSL ABMYKCHHUE CBOOOTHBIX 3JIEKTPOHOB MPU HETIOIBUKHBIX HOHAX.

Omnpit xe Dapanes JEMOHCTPUPYET JBHUKCHHE, KaK OTPHUIIATEIbHBIX, TaK U
MOJIOKUTEIBHBIX 3aPSIIOB.

A Tak Kak B POBOJIHUKE, KPOME TOJIBIKHBIX AJIEKTPOHOB U HETIOIBUKHBIX HOHOB,
JIPYTHX 3apsioB HET, TO CleAyeT cuenaTh BeiBoA: Dapaneil ABECTH JET TOMY Ha3a]l MOIy4Yu, B
KaueCTBE TOKa MIPOBOJAMMOCTH, SJICKTPOHHO-TTO3UTPOHHBIN TOK, PACTIPOCTPAHSIONINICS B dQuUpe
BOKPYT MPOBOJTHUKOB.

W TOT M3BeCTHBIIN PaKT, YTO CUIIOBbIE TUHUU MAarHUTHOTO IOJISL, TEHEPUPYEMOE TOKOM
MIPOBOJAMMOCTH, PACTIPOCTPAHSIETCS MIMEHHO BOKPYT MPOBOTHUKOB, SIBISICTCS KOCBEHHBIM
MOJTBEPXKJIEHUEM TOTO, UTO 3JIEKTPOHHBIE U TO3UTPOHHBIE 3apsAbl, TEHEPUPYIOIIHE
AIIEKTPUYECKYIO U MATHUTHYIO COCTABIISIONINE, TAK)XKE PACIIPOCTPAHSIIOTCS BOKPYT MPOBOTHUKOB.

Bcest maTepust COCTOUT U3 TPAaBUTOHOB U OKPY’KEHA UMH, BKJIIOUYasl IPOBOIHHUK.

DNeKTpOMarHuTHas HHAYKIHS 3TO MPEBPAILLIEHUE OKPYKAIOIIUX MMPOBOJHUK I'PaBUTOHOB
B DJICKTPOHBI 1 TO3UTPOHBI, KOTOPAass OCYIICCTBIISICTCA MOCPECACTBOM IICPECCUCHU A ITPOBOJHUKOM
CUJIOBBIX JIMHUM MAarHUTHOTO TOJISl ¢ YMEHBIIAIOMIEHCS WIN YBETMYMBAOIIEHCSI MATHUTHOM
WHIYKIUCH.

['paBUTOHBI, OKpY’KaIOLIKE TPOBOJIHUK, BUTASICH B MATHUTHOM II0JIE U TIepeceKas ero
CHJIOBBIC JIMHUU, npno6peTa10T SJICKTPOHHBIC — a IPpHU CMCHE MOJIF0OCAa MArHUTA — IMMO3UTPOHHELIC
3apsJibl, KOTOPBIE 00Pa3yIOT MEPEMEHHBIN TOK. DTOT TOK M Tosryuamnist Dapajneit B cBoéM ormbiTe. U
9TOT 7KC TOK MMOJIYYarOT BCC TCIUIOBBIC, THAPABJINYCCKHUEC U ATOMHBIC 3JICKTPOCTAHIIUU.

3. DJIeKTPOH M MO3UTPOH



HccnenoBanue KaToIHBIX JTy4el, KOTOPbIE €CTh TOTOK JIEKTPOHOB, IIOKA3bIBAET, YTO
Ty, IPOXO0/I MEXY TOPU30HTAILHO PACHOJIOKEHHBIMU 3apsKEHHBIMH IIJIACTUHAMH,
IPUTATUBAETCS K MOJIOKUTENIBHO 3apsHDKEHHON TUIACTHHE. A, TIPOXO0 MEXIY BEPTUKAIBHO
PacIoyIOKEHHBIMU TTOJTIOCAMU MAarHHUTA, JIyd CMEIIAeTCs BIEBO, WM, €CIU IOJII0Ca TOMEHSTh
MecTaMH, BIIPABO.

[ToTok MO3UTPOHOB BEAET Ce0sl TOYHO TAKKE, TOIBKO HA00OPOT.

Ortcroza cinenyeT BbIBOJ: 3J€KTPOHHO-ITO3UTPOHHBIN TOK, TaK K€ KaK 3JIEKTPOMarHUTHas
BOJIHA, TEHEPUPYET BEKTOP MAarHUTHOW MHIYKIIMH, HAPaBJIEHHBIN MEPIICHIUKYISPHO
JBYD)KEHUIO TOKA.

[TputskeHne 3JIeKTPOHA K MOJOKUTEIHHO 3apsHKEHHOM MIacTHHE, a TO3UTPOHA K
OTPHUIIATEIILHON OOBACHSIETCSI KOHCTPYKIIMEH 3apsiIoB.

ITo Hameit runorese >MEeKTPUIECKHE 3apsi/ibl PacIpOCTpaHsIeTCs He caMu 110 cebe, a
HIOCPEICTBOM T'PAaBUTOHOB.

['paBUTOH - 3TO MArHUTHBIN AUIIOINB, U €T0 3aps]] 00pa3yeTcs MOCPEACTBOM Iosica B BUE
Topa (Topouza). Ock BpallleHHUs Topa MPOXOAUT Yepe3 MOJIt0ca AU, U HapyKHas 4acTh €ro
000JI0YKH BpaIaeTcs, 1100 OT CEBEPHOTO IMOJII0CA TUTIONS K F0)KHOMY IOJIIOCY, JTM00 Ha000poT,
TEHEPHUPYS CBOMM BpallleHuEeM, JTHOO CEBEPHBIN MOIIOC MarHuTa (3JIEKTPOH ), THOO FOXKHBIH
noJtoc (mMo3uTpoH). Toraa Kak MPOTHBOMOJIOKHBIE ITOJII0CA TEHEPUPYIOTCS BHYTPEHHEH 4acThio
TOpAa.

Oxpy>xatoliye 3apsabl 3QUpHbIE TPAaBUTOHBI, IPUTSIHYTHIE K TOPOHIY, 00pa3yroT
IEKTPUUECKYIO COCTABIISIIOILYIO 3apsiaa.

A TpaBUTOHBI, HAXOIAIIMECS BHYTPU TOPOUIOB, CBOMMH IOJIOCAMU MPHCOEIUHSET
3(¢upHbIE TPaBUTOHBI, KOTOPbIe 00Pa3yIOT MATHUTHYIO COCTABIISIONIYIO 3apsia.

Taxum 00pa3oM, 37eKTpOH 3TO Ha 2/3 00bEMA SIBJISETCSI MArHUTHBIM JMIIOJIEM CEBEPHOTO
HIOJIH0CA, @ MMO3UTPOH — MArHUTHBIM JMITIOJIEM FO’KHOTO MOJIOCA.

Kaxnpiii 3apsa renepupyet 1/3 00bEMa MarHUTHYIO HHAYKITUIO TIPOTUBOIOIOKHOTO
HoJIrocA. .
4. IIpocTpaHcTBeHHAs KOH(UTrypanus 3apsiioB

Korna Ha npoBOJHMK MOAAETCS pa3HOCTh MOTEHIINAIOB, IPOBOIHUK IO BCEH €ro ANHe
AIIEKTPU3YETCS, TO €CTh I'PAaBUTOHBI BOKPYT MPOBOHHUKA ITPEBPAILAIOTCS B 3JIEKTPOHbI UIIH
HO3UTPOHBI U HAYMHAET T€Ub JIEKTPOHHO-IIO3UTPOHHBIN TOK.

[Tpruém, pa3HOCTD ANEKTPUUECKUX NOTEHIIMATIOB MOJSPU3YET IIEKTPOHBI U TIO3UTPOHBI
TakK, YTO 3apsi/ibl FEHEPUPYIOT BEKTOP MArHUTHON MHIYKLIMHU, HE TOJIBKO NEPIEHANUKYIIAPHO
BEKTOPY JABIMKEHUS TOKA, HO U ApaJUIeNIbHO JIMHUH, PUCYIOIIEH ceueHHe MTPOBOTHUKA.

ITosToMy, npy ABMIKEHUH TOKA, MEPHEHIUKYISAP BEKTOpAa MArHUTHOW MHAYKIMH 3apsi10B
IPEeBpAaIaeTCsl B OKPYKAIOIIME TPOBOJHHUK CIIUPATICBUIHBIE CHIIOBBIC TMHIUM MAarHUTHOTO TIOJI,
a HaIlpaBJICHHE PACIPOCTPAHEHUs TOKa (HalpaBJIEHUE PaclpOCTPAaHEHMsI 3apsiI0B) POXKIALT
paBUiIo OypaBUMKa, IO KOTOPOMY MOYHO OIPEICNIUTh HallpaBJieHUe BEKTOPAa MAarHUTHOM
UHAYKIIH, KOTOPbII FeHEPUPYETCs STUMHU 3apsAAaMU.

5. BzanmopeiicTBue CBOOOAHBIX 3apsiI0B
ITpocTpancTBeHHast KOH(UTypaus CBOOOAHBIX 3apsi/I0B, KOTOPBIE OKA3aJIKMCh B 30HE

B3aUMOJICHCTBUSA APYT IPYra, XapaKTepU3yeTCsl TEM, YTO TPAaBUTOHBI, JOPMUPYIOLIHE
MarHuTHOE I10JIe, UMEIOT BEKTOP paclpOCTPAHEHUS NEPIEHIUKYIISIPHO BEKTOPY JBUKECHUS
3aps10B. A TPaBUTOHBI, POPMHUPYIOLIHE HIEKTPHUECKOE TI0JIe, UMEIOT BEKTOP PACIPOCTPAHEHHUS
BJI0JIb BEKTOPA JABMIKEHMS 3apsi/I0B, UM [10Jl HEKOTOPBIM YITIOM K TOMY BEKTODY.

JIBa pa3sHOMMEHHBIX 3apsiia 00bEMHEHBl MHOTOYHCICHHBIMH I'PAaBUTALIMOHHBIMH
LETIOYKaMH ¢ OJHOHAIPABICHHOW MarHUTHOM MOJISIpU3alueld rpaBUTOHOB.



JIBa 0OTHOMMEHHBIX 3apsiga 00beTUHEHBl MHOTOUHCICHHBIMU TPaBUTALIMOHHBIMU
LIENIOYKAMHU C BCTPEYHOM (F0r-CEeBEp — CEBEP-IOT AJIsl AIEKTPOHOB U CEBEP-IOT — IOr-CEBEP AJIs
MO3UTPOHOB) TOJSPU3ALUEH TPABUTOHOB.

ITpruéM, KOJIMYECTBO COEIMHSIOIINX 3aps/Ibl LIENIOYEK MPSIMO MPONIOPLUOHAIBHO
BEJIMUMHE 3aps0B U 00pPaTHO MPONOPIMOHATIBHO KBaJIpaTy pacCTOSIHUS MEXKIY 3apsAIaMH.

Kcraru, ToT dakt, uro popmysbl 3aKOHa BCEMUPHOTO TAroTeHus: HptoToHa 1 3akoHa
B3auMoJIeiicTBUA 3apsiioB KynoHa UMEIOT OJJMHAKOBYIO MaTEMAaTHYECKYIO (hOpMY, OOBIACHAETCS
TEM, UTO 3TU (GOPMYJIbI OTPAXKAIOT OJIMHAKOBOE COOTHOIICHHE MEX/1y KOJIMYECTBOM I'PAaBUTOHOB,
Y4acTBYIOLIMX BO B3aUMOJACUCTBUU, U CWION, TCHEPUPYEMOU 3TUMU IPABUTOHAMM.

A Tak KaK cujia 3JIeKTPHUUECKOr0 B3aUMOACHCTBHSI HECPAaBHEHHO OOJIbIIIe
IPaBUTALMOHHOIO, TO U BEKTOP MarHUTHON MHYKIIMU TPAaBUTOHOB, T€HEPUPYEMBIX
INEKTPUYECKUMU 3apsiiaMy, HECPAaBHEHHO OOJIbIIIE BEKTOPAa MArHUTHOW UHIYKIIMHM TPABUTOHOB,
TeHEPUPYEMBIX TPABUTUPYIOIIMMU TE€JIAMHU, YTO U OTPAKAIOT KO UIIHESHTHI
POMOPLUUOHATIBHOCTH 3TUX (HOPMYIL.

6. "O0HaxkeHHbIE" 3apsAbI

DJEeKTPOHBI U TO3UTPOHBI B "0OHA)KEHHOM" BHJIE HE CYIIECTBYIOT U0O0, KaK TOJBKO y
rPABUTOHA MOSABIISIETCS 3apsijl, TAK Cpa3y ke 3apsyKEHHBINA I'PaBUTOH OKPYKaeTCs
HOJIIPU30BaHHBIMU I'PAaBUTOHAMM.

[To3TOMY 3JIEKTPOHBI M TO3UTPOHBI CYIIECTBYIOT TOJIBKO B BUJI€ KBAHTOB
AJIEKTPOMArHUTHBIX BOJIH U KBAHTOB 3JIEKTPOHHO-IIO3UTPOHHOTO TOKA, 1aX€e €CIIN OHU
HAXOJATCS B COCTOSIHUU TaK HAa3bIBAEMBIX CBOOOIHBIX 3apsIOB.

HckmoueHneM sBIIIOTCS 3JEKTPOHBI, BpaIlaloIMECs] BOKPYT Apa aToMa, KOTOpbIE
TEHEPUPYIOT TOJIBKO CBOIO ANEKTPUUECKYIO COCTABIISIONIYIO B OTCYTCTBUM MarHUTHOU
COCTAaBJISIOLIEH.

7. DilekTpU4YecKre B3aUMOAeHCTBUA

DNEKTPUUECKUN TOK BOKPYT IIPOBOJHUKOB 3TO IBUYKEHUE 3JIEKTPOHOB U MIO3UTPOHOB,
KOTOPOE B LEMAX HArPy3KH OCYHIECTBISAET MIEKTPUUECKUE B3aUMOICHCTBHUS.

JIBM>KEHHE JIEKTPOHOB U MO3UTPOHOB B LIENISAX HArpy3KU F'€HEPUPYET MarHUTHOE TI0JIE,
KOTOpOE€ B3aMMOJICHCTBYSI C MATHUTHBIM I10JIEM CTaTOpa, epeMeIiaeT poTop (IKOph) IBUTaTEs.
YacTp 3HEpruu 3JIEKTPOHOB U MO3UTPOHOB TPATUTHCS HA U3ITYUYEHUE TEIUIOBBIX (JOTOHOB,
KOTOPBIE HAIPEBAIOT JBUTATEIb.

Packanénnas snekTpuueckas KOHPOpKa eCTh UTOT U3TYUYEHUS SJICKTPOHAMH U
MO3UTPOHAMH (POTOHOB, KOTOPbIE TEHEPUPYIOT TEINIOBYIO SHEPTHUIO B HarpeBaTEIbHBIX
DIIEMEHTAaX.

8. DuekTpoaBMIKYIAsA CHUIA

DNEeKTPOABMKYIIAs CUJIA 3TO CUJIA, KOTOPAsl IEPEMEILIAET IEKTPUUECKUE 3apsi/bl.

DNEeKTpOoABUKYILAS CUJIA TEHEPUPYETCS pa3HOCTBIO AIEKTPUUECKUX MOTEHIIUAIIOB.

Korna xakoii 1160 reHepaTop TeHepupyeT pa3HOCTh SJIEKTPUUECKUX TOTESHIIMAIIOB,
IIPOBOJIHUK IO BCEU €ro IJIMHE AIEKTPU3YETCS, TO €CTh, TPABUTOHBI, OKPYKaIOL1e IPOBOIHUK,
IIPEBPALIAOTCS B 3JIEKTPOHBI UM MIO3UTPOHBI.

['enepaTop NOCTOSIHHOTO TOKa, TEHEPUPYS OJTHOMMEHHBIE 3aPAJIbl, CBOCH KOHCTPYKIIHEH
3a/1aéT HAMpaBJICHUE JIBUKEHUE TOKA.

JIBrKeHune 3apsA10B OCYILECTBISAETCS aHAJOTUYHO TOMY, KaK MIOCTOSIHHBIE MAarHUTBHI,
OTTAJIKUBAIOTCS IPYT OT Ipyra OJHOUMEHHBIMH ITOJIFOCAMH.

To4HO Tak e U 3apsAabl OTTAIKUBAKOTCA APYT OT Apyra OJHOMMEHHBIMU MOJIIOCAMHU
I'PAaBUTOHOB, U3 KOTOPBIX (POPMHUPYIOTCS 3aPS/IbL.

Takum 00pa3om, IMEKTPOABIIKYILAS CUJla 3TO CUJjla OTTAJIIKMBAHUS APYT OT Apyra
OJHOMMEHHBIX 3apsI/I0B.



A, pPa3HOCTB IEKTPUUECKUX IMOTEHIIMAJIOB OTPAXKaeT HAMPABICHUE 3TOTO OTTAIKUBAHUE:
OT IUTIOCA K MUHYCY, THO0 HA000POT.

Tak Ha3bpIBaeMble CTOPOHHHE CHJIBI — 3TO HA YTO MHOE KAK MarHUTHBIE CUJIbI, PABHO KaK 1
AIIEKTPUYECKUE CUIIBI, KOTOPBIE ECTh T€ KE MATHUTHBIE CUJIBI.

Creunuyecku 3JIeKTPUUECKHUX, HU CUJI, HU 3apSA0B B IPUPOJE HE CYLIECTBYET, TaK KaK
3JIEKTPOH 3TO 2/3 MarHUTHBIA JUIOJIb CEBEPHOTO MOJIOCA, A TIO3UTPOH 3TO Ha 2/3 - MAarHUTHBIN
JIUIIOJNb FOXKHOTO MOJIFOCA.

I1o Hamiel runore3e TOKOM IIPOBOJAUMOCTH SIBIIAETCS DJIEKTPOHHO-TIO3UTPOHHBIN TOK,
pacnpocTpaHsOIUics B 3pUpe, OKPYKaroIlieM IPOBOAHHUK.

CB00OIHBIE AJIEKTPOHBI IPOBOJHHUKA MIPUTATHBAIOTCS MO3UTPOHHBIM TTOTOKOM
3JIEKTPOHHO-TTO3UTPOHHOTO TOKA, YTO U ONPEAEIIAET UX ABHKEHHUE OT II0CA K MUHYCY.

A 3apsapl TOKa IPOBOJMMOCTHU JABUXKYTCS: 3JIEKTPOHBI — OT MUHYCA K ILIIOCY, a
MTO3UTPOHBI — OT IUTKOCA K MUHYCY.

Taxum 00pa3oM, TOK B MeTaiiax, Kak yIopsA04eHHOE JIBIKEHUE 3apsaa0B, popMuUpyeTcs
CIIEeYIOIKUM 00pa3oM: MO3UTPOHBI JIEKTPOHHO-TIO3UTPOHHOTO TOKA JBUKYTCS OT IUTIOCA K
MHUHYCY. BMecTe ¢ mo3uTpoHaMu, co 3HAUUTENbHBIM 3ama3/ibIBaHHEM, IBUXKYTCSI CBOOOIHbIE
3JIEKTPOHBI TPOBOAHMKA, 00paA3YIOIIIe OCHOBHYIO BETUUHHY 3JIEKTPUUECKOIO COMPOTUBIICHUS
JUISl IPOTEKAHUSI 3JIEKTPOHHO-IIO3UTPOHHOTO TOKA. DJIEKTPOHBI JIEKTPOHHO-IIO3UTPOHHOI'O TOKA
JBUKYTCSl OT MUHYCA K ILTIOCY.

Tak popmupyeTcs TOK IPOBOAUMOCTH B METaJJIaX.

9. P-n nepexon

I'unore3a 0 TOM, YTO TOKOM ITPOBOAMMOCTH SIBJISIETCS AIEKTPOHHO-IIO3UTPOHHBIN TOK,
pacrpoCTpaHsIOIINiics B 3(hUpe BOKPYT MIPOBOIHUKOB, OOBSICHSET TAK)Ke 3arajiky padoThl
3aMparoLIEro CJI0sl p—N NEPEXoa.

Korna Ha p-n nepexo nogaércs npsiMoi TOK, O3HAYAIOIINM, YTO Ha MEePEeX0] MOAaeTCs
MO3UTPOHHBIN TOK, paCIPOCTPAHSIOLIUICS BOKPYT p—Nn Iepexo/a OT IUI0ca K MUHYCY, TO
MO3UTPOHHBINA MOTOK MPUTATUBAET K ceOe CBOOOAHbBIE STIEKTPOHBI 3aITUPAIOILETO CJIOS U
nepeMeIaeT ux B n 00JacThb, TJie OHH 3alOJIHAIOT JBIPKU. B pe3yibrare uero 3anuparomui
CJION MCUe3aeT, U MO3UTPOHBI 3JIEKTPOHHO-TIO3UTPOHHOTO TOKa CBOOOIHO ABIKYTCS Uyepe3 p—h
HEPEXOI.

Korga Ha p-n mepexon nmogaércst oOpaTHBIA TOK, 03HAYAIOIINMA, YTO HA MTEPEX0] MOAAETCS
JIEKTPOHHBIN TOK, pacCpOCTPaHIIOLINIICS BOKPYT p—h Iepexoa OT MUHYca K IUIIOCY, TO
3JIEKTPOHHBIN MOTOK MPUTATUBAET K ce0e MarHUTHOE T0JI€ JBIPOK, U OTTAJIKUBAET OT ce0sl
CBOOOIHBIE 3JIEKTPOHBI. B pe3yibTare uero cBOOOHBIE 3JIEKTPOHBI BMECTE C MATHUTHBIM I10JIEM
JBIPOK CO3/IaI0T MArHUTOAIEKTPUUECKUI 3aTBOP, MPEIOTBPAIIAOIINI JIEKTPOHHOMY TOKY
JBUTAThCsl YEPE3 p—N MEPEXO.

Taxum oGpazom, p-n mepexosl U COOpPaHHbBIE U3 HUX MOCTBI MPOITYCKAIOT MO3UTPOHHBIN
TOK ¥ HE MIPOITYCKAIOT JIEKTPOHHBIN TOK, YTO U OTPAKAIOT OCLIUILIOIPAMMBI.

10. IpuHIMI AeCTBUA AKKYMYJIATOPA MOATBEPKAAET
YHHKAJIbHOCTh KOHCTPYKIIMH JICKTPOHA U NMO3UTPOHA

I'maBHas 3arajika paboThl aKKyMYJISITOPOB 3aKII0YAE€TCS B KOHCTPYKLIUU MTO3UTPOHA.

ITouemy OAMH U TOT k€ MO3UTPOHHBIN TOK, TEKYIIHUH 110 aHOAY U KaTOAY, HallpaBJIseT
AQHUOHBI K KaTO/y, @ KATUOHBI K aHOy?

OTBeT 0JHO3HAUEH: TAaKOE ITOBEJECHHNE TOKA ONPEAEIAETCS YHUKAIBHOCTHIO
KOHCTPYKIMEW MO3UTPOHA.

[To nHamieit runmoTe3e MO3UTPOHKI 3TO HA 2/3 00bEMA reHepUPYET FOKHBIH MOJTOC,
Ha3BaHHBIN TuIrOcoM. U Tobko Ha 1/3 00béMa npeacTaBiseT co00il CeBEPHBIN MOIOC,
Ha3BaHHBI MUHYCOM. Y 3JIEKTPOHA 00pPaTHOE COOTHOILIEHHUE MOJFOCOB.



NMeHHO Takasi KOHCTPYKIUS O3UTPOHA ONPEAEIISIET OCAXKICHHE KaTUOHOB HA
MUHYCOBBIE YYaCTKU IMO3UTPOHOB, KOTOPBIE HAXOASTCS BOKPYT aHo/a. M ocak/ieHre aHMOHOB Ha
IUTFOCOBBIE YYaCTKHU MO3UTPOHOB, KOTOPBIE HAXOSATCSI BOKPYT KaTo/1a, 4YTO 00ECIeurnBaeT
MIPOTEKAHUE PEAKLIUS OKUCICHHUS.

Bropas 3aragka paGoTbl akKyMyJITOPOB 3aKJIFOYAETCS B TOM, YTO 3apsIKa
AKKyMYJIITOPOB OCYIIECTBIISIETCS TO3UTPOHHBIM TOKOM, PACTIPOCTPAHSIIOLIMMCS OT TUTIOCA K
MHUHYCY B 3QUpe, KOTOPBIA OKPYKAET 3apsDKAIOIINN aKKyMYJISTOP MMPOBOIHHUK. DTOT K€ TOK
TaK)Ke TeUET BOKPYT aHO/A U KaToJa.

Toxk pa3psna popMupyeTcsi IOCPeICTBOM IEKTPU3AUN AHUOHHO-KAaTHOHHON Pa3HOCTHIO
ANEKTPUUECKUX MOTEHIIMAIOB OBEPXHOCTH aHO/IA, KaTO/]a M BHELIHEH LeNu akKyMmyJsTopa. To
€CTh, Ha BCEX 3THUX MMOBEPXHOCTAX OKPYXKAEMbIE UX TPABUTOHBI IPEBPAIIAIOTCS B TIO3UTPOHBI, B
4y&M U 3aKJII0YAeTCsl SJIEKTPU3aLUs IPOBOIHUKOB.

AHO/JI, KaTOJ U JIEKTPOJIUT T€HEPUPYIOT MOCTOSTHHBIN TOK JIJIsl BHEIITHEN HATPY3KHU
AKKyMYJIATOpA.

JIBum>keHHe ToKa paspsia o0paTHOe IBHKEHUIO ToKa 3apsana. [loatomy aHoxa u karox
MEHSIOT CBOM 3JIEKTPUUECKUI 3HAK Ha IPOTUBONOJIOXKHBIA. AHMOHBI BO3BPALIAIOTCS HAa aHOJ, a
KAaTHOHBI Ha KaTOJ, HAYMHAETCS MTPOLIECC BOCCTAHOBIIEHUS UCXOAHBIX XUMUUYECKUX 3JIEMEHTOB.

11. BakyymHblIii 1uoj

YHUKaIbHOCTH 3TOrO MPUOOpPa COCTOUT B TOM, YTO OH COBMECTHII B cebe 1Ba BUJa TOKa
IIPOBOAMMOCTH.

[TepBblii BUJ 3TO TOK IPOBOAMMOCTH, KOTOPBIH OIpenesseTcs IBUKEHUEM CBOOOTHBIX
AJIEKTPOHOB C HEMOJABUKHBIMU HOHAMM.

BTtopoii Bua 3TO TOK, KOTOPBIM JBECTH JIET TOMY Ha3aJ noiayudni Dapajeii B CBOEM
OTIBITE, U KOTOPBIN MBI Ha3BaJIH 3JIEKTPOHHO-TIO3UTPOHHBIM TOKOM.

BakyyMHBIN 11O TOCPEACTBOM TEPMOITIEKTPOHHON SMUCCUH T€HEPUPYET BBIXO
CBOOOHBIX 3JIEKTPOHOB U3 KaTOA.

U xorna 31eKTpOHHO-IO3UTPOHHBIN TOK (hOPMHUPYET MEXKIY KaTOJIOM U aHOJIOM Pa3HOCTh
AIIEKTPUYECKUX MTOTCHIIUAIOB, T]Ie TUTFOC Ha KaTo/Ie U MUHYC Ha aHOJIe, TO CBOOOTHBIC
3JIEKTPOHBI IPUTATUBAIOTCS K KATOAY, U TOKA B L[N HET.

Ecnu ke 371eKTpOHHO-TTO3UTPOHHBINA TOK (OPMUPYET MEKIY KaTOAOM U aHOJOM
Pa3HOCTh JEKTPUUECKUX MOTEHINANIOB, TJI€ IUTI0C HA aHOJIE U MUHYC Ha KaTo/e, TO CBOOOHbIE
AJIEKTPOHBI Yepe3 aHO/I, ABUKYTCA 0 LMY BaKyyMHOTO JHO/1a.

Takum 06pa3om, BakyyMHBINH 1104 GOPMUPYET TEPMOIIICKTPOHHBIN TOK, KOTOPBIA B
JAHHOM TIPUOOPE SBISETCS TOKOM IIPOBOJAUMOCTH, B OTIIMYHE OT BCEX APYTUX MPUOOPOB, IS
KOTOPBIX TOKOM IPOBOANMOCTH SBJISIETCS JIEKTPOHHO-TIO3UTPOHHBIN TOK,
pacIpOCTpaHSIOMIUIACS B 3UPE BOKPYT MPOBOTHUKOB U BOKPYT TOKOTIPOBOISIIUX YaCTEH
Pa3IMYHBIX TPUOOPOB.

12. CBepXnpoBoaMMOCTh

[To Hameil runore3e TOKOM MPOBOJIUMOCTH SIBJIIETCS AJIEKTPOHHO-TTO3UTPOHHBIN TOK,
PacIpOCTPaHSIOMIUKCS BOKPYT OKPY>KaIOIIEM MPOBOJIHUK dupe.

OCHOBHOH BEIMYMHON 3JIEKTPUUECKOTO COMPOTUBIIEHUS ISl IPOTEKAHUS SJIEKTPOHHO-
MO3UTPOHHOTO TOKA SBJISETCS MPUTSHKEHUE CBOOOIHBIX IJIEKTPOHOB IMMPOBOTHUKA K
MO3UTPOHHOMY IOTOKY 3JI€KTPOHHO-ITO3UTPOHHOTO TOKA.

[TpuunHO# 3MEKTPHUUECKOTO COMTPOTUBICHUS SBISIETCS TOT (PAKT, YTO AIEKTPOHHO-
MO3UTPOHHBINA TOK PACIIPOCTPaHSAETCS B 3UPE CO CKOPOCTHIO CBETA, @ CKOPOCTH CBOOOHBIX
AJIEKTPOHOB, KaK IMOKA3bIBAIOT OMBITHI, paBHA TPEM CAHTUMETPOB B ceKyHAy. U, Takum oOpa3om,
CBOOOHBIE SJIEKTPOHBI, IPUTATUBASCH K IOZUTPOHHOMY ITOTOKY, TOPMO3ST JBUKECHHE
JIEKTPOHHO-TIO3UTPOHHOI'O TOKA.



B cBepxmnpoBoIHUKE MTPH CBEPXHU3KUX TeMIIepaTypax, Kak ObLJIO 3aMEUEHO B
HKCIIEPUMEHTAX, UCUE3aI0T CBOOOIHBIE 3JIEKTPOHBI, KOTOPbIE "MPUMOPaKUBAIOTCS" K aToMaM,
YTO U OIpEEsieT HCUe3HOBEHUE IIEKTPUUECKOTO COTPOTUBIICHUS ISl IPOTEKAHUS
JIEKTPOHHO-TIO3UTPOHHOI'O TOKA.

[Ipu MOCTOSIHHOM TOKE UCTOYHUKA B MTPOBOJHHUKE MPOUCXOJUT CKaYKOOOpa3HOe
VCUE3HOBEHHE IEKTPUUYECKOTO CONPOTUBIIEHUSI BCIEACTBUE OJTHOBPEMEHHOIO
«IIPUMOPAKUBAHUS» HIEKTPOHOB K aTOMaM.

[Ipu nepeMeHHOM TOKE HCTOUHUKA, 3JIEKTPOHHO-TIO3UTPOHHBINA TOK COOOIIaeT
CBOOOJHBIM 3JIEKTPOHAM BO3BPATHO-IIOCTYHATENbHbIE KOJIEOAHUSI, TPETSITCTBYIOLINE UM
«IIpUMOpAXUBATHCS» K aToMaM. BeieacTBre yero npouecc HCUE3HOBEHUS 3JIEKTPUUECKOTO
COTIPOTUBIICHUS MOJYYaeT PEryIUPOBKY.

13. CTo JeT CBepXnpoBOAMMOCTH
K 100-neTHUMY FOOMIICIO CBEPXTIPOBOIUMOCTH POCCUUCKHHN yaeHBIH DeoKnH
Benunamun KoHCTaHTUHOBHY YCOMHUIICS B TOM, YTO TAKO€ SIBJICHHE CYIIECTBYET.

OH nuIIeT: «McXo/s U3 00UIeHAYYHBIX, MUPOBO33PEHUYECKUX MOJI0KEHUHN U MPAKTUKHU O
TOM, YTO BCSKOMY JACHWCTBUIO €CTh MPOTUBOACUCTBHUE U JIIOOOMY IBUKECHHUIO €CTh
COTPOTUBIIEHUE, MOXHO yTBEPKAATh, YTO JABHKEHUIO U AJIEKTPUUECKOTO TOKA BIOJb
IPOBOJHUKA JIOJDKHO OBITH conpoTHuBieHHe. [109TOMY Tak Ha3pIBaeMOM «CBEPXITPOBOIUMOCTI
AJICKTPUUYECKOTO TOKA HET, M HE MOXKET OBITHY (12).

HyxHO oTAaTh NOKHOE MY>KECTBY 3TOI'0 HACTOSLIETO YUEHOI0, KOTOPBIN OCTAJICA BEPEH
TEOpUH, U He 000sIICS OPOCUTH BHI30B OOJBIIMHCTBY YUEHBIX, U JAXKE CAaMOM MPaKTUKE.

UccnenoBanmne deqoknna Bennamraa KoHCTaHTHHOBHYA 000TaTHITN TEOPHIO, TTOABE/IS
HayKy K HeOOXOJIMMOCTH CJIeJIaTh OTKPBITHE JIEKTPOHHO-ITO3UTPOHHOTO TOKA: «TOK
IIEKTPUYECKON SHEPTUU HE €CTh JABHIKEHUE JJIEKTPOHOB, IEPEHOCUMKAMHU NIEKTPUUIECTBA
ABJISIETCS HAPSHYKEHHOE AJIEKTPOMArHUTHOE T0JIE, paclipoOCTpaHsIoIIeecs He BHYTPH, a B
OCHOBHOM BHE IIpoBOJHUKA» (12).

14. DaekTpoOMarHuTHasi BOJIHA

ITo Hame#t runorese 3MEeKTPOMArHUTHBIE BOJIHBI 3TO BOJIHBI, 00pa30BaHHBIE AJIEKTPOHAMH
U TIO3UTPOHAMHU, KOTOPBIE UMEIOT AJIEKTPUUECKYIO U MATHUTHYIO COCTaBJISIONINE, 00pa30BaHHbIE
IrpaBUTOHAMU (MAarHUTHBIMU JUIIOJSIME ), KOTOPBIE 3apsAaMHU MOJISIPU3YIOTCSI.

JKéntble rpaBUTOHBI, PUTSIHYTHIE K TOPY, 00pa3yIOT AJIEKTPUIECKOE MOJIE.

KpacHbie rpaBUTOHBI, MPUTSHYTHIE K IICHTPATHHOMY TPAaBUTOHY, 00pa3yIOT MarHUTHOE
noJe.

BekTopa Hanps>KeHHOCTH 3JIEKTPUUECKOTO M MAarHUTHOTO MOJIeH MepreHIMKYISPHBI KakK
MeX1y COOOM, TaK ¥ MO OTHOIIECHHUIO K HAMIPaBJICHUIO PACIIPOCTPaHEHUs BOJIHBI.

DNEKTPOHBI U TO3UTPOHBI (HOPMUPYIOTCS, KOT/Ia IIEHTPATBHBIA TPABUTOH, HA KOTOPOM
NOSIBIISIETCA 3apsif, onosicbiBaeTcsi TopoM. OcCh BpallleHUs! TOpa MPOXOJUT Yepe3 MoJoca
IPaBUTOHA, U HApYXKHAs YaCTh €ro 000JIOUKH BpaIlaeTcs, JIUOO OT CEBEpHOTO MOJ0Ca IPaBUTOHA
K F0)KHOMY TIOJIFOCY, JTUOO0 HA000pOT, TEHEPUPYS CBOMM BpaIlleHuEM, JTHOO 3apsi]l AJIEKTPOHA,
1100 3apsia mo3uTpoHa. [IpoTHBOIOIOKHBIE TIOIIOCA TOPOU TEHEPUPYET BHYTPEHHEH 4acThio
CBOEH 000JI0YKH.

Topouabl, pacnosokeHHbIE BHYTPH 3JIEKTPOHOB U MO3UTPOHOB, MbI Ha3BalM (POTOHAMH.

[To HamemMy MHEHUIO, KBAHTAMU AJIEKTPOMArHUTHOW BOJIHBI SIBJISIFOTCS DJIEKTPOHBI U
MO3UTPOHBI, KOTOPHIE ONMPEAEIISIIOT JUIMHY JJIEKTPOMATHUTHON BOJIHBL. DOTOHBI K€ YIPABIISIIOT
JUTMHOM BOJIHBI caMOro ()OTOHA, UJIH LIBETOM, U3Ty4aeMbIM (GOTOHOM. DOTOH SIBIISIETCS KBAHTOM
TOTO WJIK MHOTO I[BETa, KOTOPHIN HECET B cebe Ta, MM WHAs dJIEKTPOMAarHUTHAS BOJTHA.



Takum oOpa3om, mepBopoaHBIE (HOTOHBI ATO (POTOHBI, KOTOPBIE POKIAIOTCS BHYTPH
3JIEKTPOHOB U MIO3UTPOHOB, M KOTOPBIE B OCHOBHOM Macce OpraHM30BaHbl BO BCEIIEHHOU B BUJIE
3JIEKTPOMArHUTHBIX BOJIH.

@DOTOHBI, KaK CAMOCTOSITEIbHAS YaCTHIIA, CYIIECTBYET KaK BTOPUYHBIC, U3ITyYEHHBIC WU
MPOLIEIIINE MPOLIECC AaHHUTUIISILIUU, U KOTOPbIE HE UMEIOT CIIOCOOHOCTH OpraHU30BaThCS B BUE
AJIEKTPOMATHUTHBIX BOJIH, M HE UMEET CIIOCOOHOCTU T€HEPUPOBATH I[BET, KPOME TOTO, KOTOPBIH
OH F€HEepUPOBaJl BO BpeMs U3ITyYEHUS WIIM aHHUT WIS,

DIEKTPOMArHUTHBIE BOJHBI 3TO BOJIHBI, (DOPMUPYIOIIHECS HIEKTPOHHBIMU U
MO3UTPOHHBIMU 3apsaMH, BHYTPU KOTOPBIX PACIOIOKEHbI KBAHTHI 1[BETA.

B 31eKTpOMarHuTHBIX BOJIHAX MTOJTYBOJIHBI 00pa30BaHbI OJHOMMEHHBIMH 3apsIaMHu.
DNEKTPOHHBIE U TO3UTPOHHBIE TOJYBOIHBI B AJIEKTPOMArHUTHOW BOJTHE UMEIOT
MIPOTUBOTOJIOKHBIE BEKTOPHI ABMKCHHUS B POCTPAHCTBE, TO €CTh, IBUXKYTCS HABCTPEUY IPYT K

IPYTY, HO UX IBUKEHHE OTAEJICHO BPEMEHHBIM IIPOMEKYTKOM.

DNeKTpOMAarHuTHAsI BOJHA PacpOCTpaHsIeTCs B 3QUpe MOCPEACTBOM NepeIaun 3apsaa
3JIEKTPOHOB U MO3UTPOHOB OT OJJHUX IPABUTOHOB COCEIHUM.

Takum 0Opa3oM, TPaKTUUECKH TMOKOSIIUECs B 3PUPE TPABUTOHBI, TPOXOIS MTOTHBIN
IIUKJT BO30YX/1eHU (IIUKJIBI 3JIEKTPOHOB U IIUKJIBI TO3UTPOHOB), IEPEIAIOT SHEPTUIO
AJIEKTPOMATHUTHOM BOJTHBI B TIPOCTPAHCTBE.

DeKTpOMarHuTHas BOJIHA, JOCTUTasi TPABUTOHOB, HAXOIALINXCS BOKPYT MPUEMHOM
AHTCHHBI, TIepeaaéT el CBOM 3apsi/bl, TCHEPUPYS B aHTCHHE MIEKTPOHHO-TI03UTpoHHYI0 D/IC.

DJEKTPOHBI ¢ MO3UTPOHAMHU 3JIEKTPOMArHUTHBIX BOJIH, U3ny4yaemble CoNHIIEM,
CTAJIKMBAsICh C aTOMaMH M MOJICKYJIaMH Ta30B aTMOC(hepsl, C 3€MHOM MOBEPXHOCTHIO, C
Pa3TUYHBIMU 00BEKTaMHU, TOCPEACTBOM TOPMO3HOTO U3ITYUECHHUS, POKAAIOT XAaOTUYHO
JBUTAIOIINECS [[BETHBIC (DOTOHBI, KOTOPHIE, MOMaiasi B MEXaHU3M 3PSHHUSI YEIIOBEKA, PUCYIOT HAM
Halll pa3HOLIBETHBIA MHUP.

15. ®oTo3 et Kak oTpaxkeHHe IJIEKTPOMATHUTHOM BOJIHBI OT KATOAA

['umoTe3a 0 TOM, YTO TOKOM MTPOBOAMMOCTH SIBJISIETCS AJIEKTPOHHO-MTO3UTPOHHBIN TOK,
pacnpoCTpaHsIOUINCS B OKPY>KaeMOM IMPOBOAHUK 3(Upe, BMECTE C THIIOTE301 O TOM, UTO
dboToddeKT ecTh He BHIOMBAHUE JICKTPOHA U3 KAaTO/a, & OTPAKEHUE AIICKTPOMATrHUTHON BOJTHBI
OT KaToJ1a, MOJHOCTHIO MIEPEBOPAYMBACT HAIlle MPEACTaBICHUE 00 TOM MpoIiecce.

K tomy xe, TOk pa3psia akkyMyJIITOPHBIX OaTapeit OCyIecTBISETCS TO3UTPOHHBIM
TOKOM.

W ecnm Ha aHOI TOaTh MUHYC, ¥ KaTOJ 00Iy4aTh CBETOM, TO (POTOTOK OyeT
(dbopMUPOBATHCS TOKOM pa3psia aKKyMYJISITOPa, TTIOC OTPaKEHHBIE KATOJOM MO3UTPOHBI
3JIEKTPOMArHUTHOM BOJIHBI, KOTOPBIE TaK )K€ MPUTITUBAIOTCS aHOJIOM.

MuHyCOBOM OTEHLIMAII HA @aHOJIE HE ITO3BOJISIET NIEKTPOHAM 3JIEKTPOMArHUTHOU BOJIHBI
y4acTBOBaTh B (hopMupoBaHUHU (HOTOTOKA.

Ecnu e Ha aHOM TTOJIaTh TUTIOC, TO MO3UTPOHBI AJICKTPOMArHUTHON BOJTHBI HE CMOT'YT
y4acTBOBaTh B GOPMUPOBAHUU (DOTOTOKA, & FIMEKTPOHBI AIEKTPOMArHUTHOW BOJIHBI OyIyT
y4acTBOBaTh B hopMupoBanuu GoToTroka. Ho B 3TOM citydae moTeHIInan Toka pa3psiia
AKKyMYJIATOPA OKa)XeTCs BCTPEUYHBIM TOKY, (OPMUPYEMOMY 3JIEKTPOHAMHU AJIEKTPOMArHUTHOM
BOJIHEL. [103TOMY MpU MOBBIIEHUN OTPUIATEILHOTO HAMPSKEHUS, KOT/Ia 3TH MOTEHIHAIIBI
BBIPOBHSIOTCS, (POTOTOK OYIET paBHATHCS HYIIIO.

Harmma runoresa cornacyercs ¢ 3akoHamM# GoTodddexra.

1. Yucno 3apsaoB, OTpaKEHHBIX KAaTOJOM 3a OJHY CEKYH]Yy, TPOMOPLHUOHAIBHO
WHTECHCUBHOCTH CBETA, MAJAIOIIET0 Ha KaTOI.

2. Kunetrnueckast 3Heprus 3apsiioB HE 3aBUCUT OT HHTEHCUBHOCTH MaJa0ONIero Ha KaTox
CBETa, a IMHEWHO 3aBUCUT OT €ro YacTOTHI.



3. Kpacnas rpanuna ¢hotosddexra onpeaensercss 4aCTOTOU 3JIEKTPOMAarHUTHOW BOJIHBI,
KOTOpasi JaHHBIM MaTepPHAJIOM KaToJa HE OTPaXKaeTcs, & TOJTHOCTHIO MOTIIOMIACTCSI.

4. besurepunanbHOCTh HOTOIPdEeKTa T0KA3bIBAET, UTO HE CYIIECTBYET pabOThI BHIXO/1a
AIIEKTPOHA U3 METaJIa, CYIIECTBYET OTPAKEHUE IIEKTPOMArHUTHOM BOJTHBI OT KaTO/a.

16. KBanToBas JieBUTALIUA U CBEPXIPOBOAUMOCTD ITO,
Kak ropopar B Opnecce, ABe 00JbI1IHE PA3HULIBI

[To namemy MHenwmt0, 3¢ h ekt MeiricHepa-OxceHbenpaa OCYIECTBISAETCS CISTYIOMNUM
obOpazom

Bcesikoe MaccuBHOE TeI0 UMEET, U BOKPYT ce0s1, M BHYTPH ce0si TpaBUTAL[MOHHOE TOJIE,
00pa30BaHHOE MUHU BUXPSIMH 3(UpPa — TPaBUTOHAMH.

U xorja kepamMuka MoMeNIaeTcss B CBEPXHU3KYIO TEMIIEPaTypy, TO TPaBUTOHBI
TPAaBUTALMOHHOTO TOJISI KEPAMHUKHU UCTBITHIBAIOT CKATUE CBOETO 00BEMA, UTO MOBBIMIAET HX
SHEPTUIO JI0 SHEPTUU MAarHUTHOTO TOJISL.

To ecTb, rpaBUTALIMOHHOE I10JI€ KEPAMUKH, YPOBHEM CBOEH HEPIUU IIPEBPALLACTCSA B
MarHuTHOE I0JI€, WM, MOKET ObITh CKa3aTh TOYHEE, IPEBPALIACTCS B TPaBUMArHUTHOE IOJIE.

['paBUTOHBI TPABUMATHUTHOTO TIOJSI KEPAMUKH, IPUTSIHYTHIC APYT K IPYTY
Pa3HOMMEHHBIMHU MOJIFOCAMU, BBITECHSIIOT U3 Tela KepaMUKU IPaBUMarHUTHOE TOJIE.

Ho, HecMoTps Ha 3TO BBITECHEHHE, TEIO KEPAMHUKHU U €r0 TPAaBUMArHUTHOE T0JIe
OCTalOTCS €MHBIM U Hepa3/IeIUMbIM O0BEKTOM, CIOCOOHBIM Ha pa3InYHbIC BUbI IBH)KEHUS B
COOCTBEHHOM I'PaBHMAarHUTHOM I10JI€ Ha/l TOCTOSSHHBIM MarHUTOM.

Takum oOpa3om, JeBUTALMSI KEPAMUKH B [10JI€ TOCTOSTHHBIX MAarHUTOB, UJIM MATHUTOB B
IrPaBUMAarHUTHOM I10JIe KEPAMHKH OCYIIECTBISIETCS 0€3 yIOpsSA0YEeHHOTO TBUKCHHS
AIEKTPUUYECKUX 3apsJIOB, U O€3 CBEPXITPOBOAUMOCTH.

https://youtu.be/mMyLUGMy4fo A. A. 'pumnaes. Buneo, aemoHCcTpupyroIIee, 9To HaJl
KEepaMHUKOI1 IEBUTUPYET MarHuT, a AIEKTPUUECKOE COMPOTUBICHUE KEPAMUKH, KaKUM OBLIIO 10
OXJIQKICHUS, TAKAM K€ H OCTAETCH.

17. AHeKIOTHYHOCTH KJIACCHYECKOH TeOPUM TOKA MPOBOAUMOCTH

AHEKIOTUYHOCTH KJIACCUYECKOM TEOPUHU TOKA MPOBOJUMOCTH B METAIIIAX 3aKIIFOUALTCs,
IPEKIE BCETo, B TOM, YTO TEOPETHUKU HE MOTYT OTHICKATh MOJBUKHBIE TIOJIOKUTEIBHBIE 3aPsIIbl,
0e3 KOTOPBIX HAPUCOBATH BPA3yMUTEIbHYIO KAPTHHKY MTPOTEKAHUS TOKA BOOOIIIE, U B
0COOEHHOCTH MEPEMEHHOr0 TOKa, HEBO3MOXKHO.

Jlo1i110 10 TOro, YTO JIJIsi CHACEHUSI MOJIOKEHHUS, HEKOTOPbIE TOPSYUE TOJIOBBI
npeiaraloT NpU3HaTh MOJOKUTEIbHBIMU 3apsaamMu IbIpku. Ho IbIpKH B 37€KTPOIHUTE ITO
MOJIBIKHBIC MTOJIOKUTETHLHBIC HOHBI, a IBIPKU B METAIJIaX 3TO HEMOIBUKHBIC TTOJIOKUTEIHHBIC
nonbl. K TOMy ke, HEOAHOKPAaTHO SKCIIEPUMEHTAIILHO JI0KA3aHO, YTO TOKH B METaJlIax He
MEPEHOCST BEIIECTBO.

K aroit aneknoTuaHOCTH 100ABIISETCS €IIE TO, YTO IBECTH JIeT ToMy Hazan Dapazeit
MIOCTABUJI OIIBIT, T/I€ IEMOHCTPHUPYETCS MOJIyICHHUE TOKA B TAIbBAHOMETPE MPH JABHKCHUU
MarHuTa B KaTyllKe HHAYKTUBHOCTHU. U ranbBaHOMETp IEMOHCTPUPYET IBUKEHUE CTPEIIKHU B
MPOTUBOTMOJIOKHBIX HAMPABICHUSIX OT HYJIS, YTO O3HAYAET JBIKEHUE TIPOTHBOIIOIOKHO
3apsKEHHBIX YaCTHIl HABCTPeUy JPYT K APYTY.

Kcraru, ¢ mosiBneHrneM ocimuiorpa)oB MOKHO BOOUYHIO YOSAUTCS B TOM, YTO
MEPEMEHHBIN TOK 3TO JBE MOJTYBOJIHBI, OHA U3 KOTOPHIX UMEET MOJIO0KUTENbHBIN MOTeHIIHAT,
JpyTasi — OTPHUIATEIHHBIA TOTCHIINAT.

A eclii nepeMeHHbI TOK BBIIPSIMUTH TOCPEACTBOM MOTYIIPOBOJHUKOBOTO MOCTA, TO BCE
MOJTYBOJIHBI Oy YT MOJIOKHUTEIHHBIC.

A eclii mepeMeHHbI TOK BBIMPSIMUTH TOCPEACTBOM BaKyyMHOI'O AHOJa, TO BCE
MOJTYBOJIHBI Oy IyT OTPULIATEIHHBIMHU.




Ot onbiTa @apajest 10 UCTUHBI, KAK TOBOPUTCSA, PYKOH MOJATh. TOIBKO BOT, «PyKa»
JOJKHA 00J1a7aTh TOTUYECKUM MBITIIICHUEM.

W normyeckoe MpllIJIEHNE JOKHO HAYUHATBCS C OCO3HAHMS TOTO, YTO €CJIU B
MPOBOIHHKE, KPOME MOJBUKHBIX CBOOOTHBIX 3JIEKTPOHOB U HETIOABUKHBIX HOHOB, APYTUX
3apsA0B HET, TO, cTajo ObITh, Dapaseil 00HAPYKUI 3apsIKEHHBIE YaCTULIBI,
pacIpOCTpaHSIONINECS B OKPYKaeMOM MPOBOIHUK dupe. DPup oT BakyyMa OTIHUIASTCS TEM,
4TO AUp 3aM0JHEH «KUPIHUUYUKAMUY MaTepUU TPaBUTOHAMU — MUKPOCKOIMMYECKUMHU BUXPSIMH
a¢upa, KOTOPEIE CBOMM BpalleHHEM (OPMHUPYET MarHUTHBIC AHUIIOIH, KOTOPBIC, TPUTATUBASCH,
JIpYT K IpYTy pa3HOMMEHHBIMU MOJIIOCAMH, 00pa3yloT I'paBUTAI[MOHHbBIE, MATHUTHBIE U
ANEKTPUYECKUE MOJIA.

D¢up B onpenenéHHBIX Mpolieccax reHepupyeT emié J8a MUHU BUXPS B BUJE TOPA,
KOTOPBIE, ONOSIChIBAsI TPABUTOHBI, IPEBPALLIAECT UX B JJIEKTPOHBI U IO3UTPOHBI.

AToM mnpezacTaBisieT co0oi MaTpEILIKY, ¢ BIOKEHHBIMU IPYT B Ipyra rpaBUTOHHBIMU
chepaMu — CHIIOBBIMU JIMHUSIMH TPABUTALIMOHHOTO TOJISE aTOMA, TI0 KOTOPBIM JIBUKYTCS
3JEKTPOHBI.

Bes Mmarepust oOpa3oBaHa TpaBUTOHAMH U OKPYKEHA UMHU, BKITFOUYAsi TIPOBOIHUK.

['paBUTOHBI, OKpYXarolKe MPOBOJHUK, IBUTASICh B MATHUTHOM I10JI€ C YMEHbIIAIOIIECHCS
WJIM YBEJIMYMBAIOLLICHCS MAarHUTHOW UHAYKLHUEH, U TIEPECEKAS EI0 CUIIOBBIE JINHUM,
MPUOOPETAIOT AJIEKTPOHHBIE — & IPU CMEHE IM0JII0Ca MarHUTa — IMO3UTPOHHBIE 3apsi/ibl, KOTOPbIE
00pa3yroT nmepeMeHHbIN TOK. DTOT TOK u nonyunn dapaneli B cBoéM ombite. U 3TOT ke TOK
MOJIy4arOT BCE TEIJIOBBIE, TUAPABINYECKUE U ATOMHBIE JIEKTPOCTAHIIUH.
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