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Grand Unified Theory
Benukoe 00beuHEHNE COCTOSIJIOCH

YMHBIC y4EHBIE CUUTAIOT, YTO JF00As TUIIOTE3a
UMEET NPABO Ha CYIIECTBOBAHUE - BPEMsI PACCYTUT.
HeymHbie y4€HbIE OKOHUATEIBHO U OECIIOBOPOTHO
yOeXICHBI B TOM, YTO TOJIBKO OHU 3HAIOT UCTUHY.
Tak poKIar0TCsi KOMUCCAPBI MO JDKCHAYKAM.
Hapoonas myopocme
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NONAPHIYET YACTh OHPYHADWHE 3emnn  [3NEKTRPOHAMA W NOIMTROHAMEA, OHPYHEHHBIMK KTEHE CBODOL
rpaBMTOHOB, CO343BAA aa rPABHTOHAMM, HOTOPLIE 33PAAAMA
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NpuTAKyTEE APYT K APYTY 3NEXTPOHHO-NOINTPOHHBIA TOK, MonAPH30BAHHLIE BHYTPM Tena nocToAHHex | KBaHThl
rPAaBMTOHEI, 3AKPYYEHHBIE pacnpocTpaHALLMAcA B sdupe BoHpyr MArHUTOR FPABHTOMB] CEORH MArHHTHOM IM BonHel
B FPABMTOHHBIE Chephl, NPOBOAHWKOE, MMEET MATHHTHYIO HHAYHUMER NONAPHIYIOT 3PHPHbIE
ﬁpaa\ﬂu‘r MATPEWHK-ATOMb COCTARNAHLYHD, B BHge TPABUTOHB, UEPG]YH CHNOBEIE NHHHH
MNOAAPHI0EAHHBIX !.ap amm rpaaurunan MNOCTOAHHEIX MArHKTOR
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Monekynm ecTe CHCTEMBI, HOTOpBLIE HAXOAATCA B AMHAMMYECHOM lpaBWToH NpUOGpETaET ANEKTPHYECKHA JapAg B BMQe TOpOKaaA,
PABHOBECHM, FAE NPUTAMEHWIO NEHTPOHOB AAPAMH ATOMOB HOTOPLIA, Bpallanch, TeHepUpyeT, nHbo cesepHbIA Nnomoc
NPOTHEOAEACTBYET OTTANKHWBAHME BCTPEYHO NOAAPHIOBAHHBIX MarHuTa (AINeKTPoH ), NHB0 KMHBIA NOAKC [(NO3MTROH).
rPaBWTOHOR, oBpasyowWX NorpasuiHble obnactia Ten MpoTHECNONOHHEIE NOAKNCA MArHHTOE TOPOWA MEHEPHPYeT
CORAMHAKILIMACA aTOMOB BHYTPEHHER YaCThi0 CBOEH 0BonouKn.
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3amavy TATOTEHUS U 3a/1a4U BCEH SHEPTeTUKH
HEITb3sI TPEJICTABUTH PEATBHO PEIIEHHBIMH 0€3 PeaTbHOTO
NOHUMaHUs d(upa, KaK MEPOBOM CpeJibl, epearoei
SHEPTHI0 Ha PACCTOSHUSIX.
JImumpuu Heanoeuu Menoenees



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

[Tpu 5TOM MPOTOH TsKETee MO3UTPOHA.

OTOT (paKT HABOJUT HA MBICITB, O TOM, YTO IPOTOH ATO TOT ke IMO3UTPOH, KOTOPBIH,
KaKHUM-TO 00pa3oM, yBEITUYHII CBOIO Maccy.

Paxr 3.

CoBpeMeHHast MOJIETTh aTOMa — 3TO BPAIIAIOIINUECs BOKPYT sIpa dJIEKTPOHEI,
OKpPYKEHHbIE MTYCTOTON. A COBPEMEHHBIE OIBITHI IOKA3bIBAIOT, YTO aTOM HEC)KMMAEM.

DTOT (paKT HABOJUT HA MBICITB, O TOM, YTO ITYCTOTA 3aIIOJTHEHA HEC)KMMAEMbIMHU
«aroMamm dpupa.

daxr 4.

B simpax aToMOB MPOTOHBI M HEUTPOHBI C KOJIOCCATBHOM OBICTPOTOM MPEBPAIIAIOTCS IPYT
B JpyTa.

OT1O0T dakT, 6e3 Tpyna, 00bICHIET TPAaBUTALIMOHHO-TIONSPHAS MOJIENb aToMa.

dDakr 3.

Bpamaromuecs BOKpYT siipa 3J€KTPOHBI HE U3Ty4aloT AJIEKTPOMArHuTHYIO BOJIHY, UTO
OH JIOJIXKEH JIeNaTh MO 3aKOHAM JJICKTPOINHAMHUKE.

OTOT (paKT HABOJUT HA MBICITB, O TOM, YTO B aTOME JABM)KETCS HE MOJTHOLIEHHBIH
AIIEKTPOH, a TOJIBKO €T0 SJEKTPHUUECKAas COCTABIISAIONIAs, B OTCYTCTBHH MarHUTHON
COCTAaBJISIIOIIEH.

daxr 6.

W3BecTHO, UTO aHHUTHIIALIKSA JIEKTPOHA C TO3UTPOHOM BBIIETISET SHEPTHUIO.

Tax ’ke U3BECTHO, UTO TEOPHS AIEKTPUIECTBA HE UMEET ONpPEIeICHUs (PU3NIECKOTO
CMBICTIa DJIEKTPUUECKON IHEPTHH.

DTOT (paKT HABOJUT HA MBICITB, O TOM, YTO (U3NYECKAsi HAyKa HE CMOTJIa MMOCTUYb CYTH
JJIEKTPUYECTBA.

dPakr 7.

B nocrasnennom nBectu siet ToMy Hazaa dapasieeM ombITe, ralbBAHOMETP
JEMOHCTPHUPYET IBUKECHHE, KAK OTPHUIIATEIBHBIX, TAK U MOJIOKUTEIBHBIX 3aPsI0B.

A coBpeMeHHas TeOpHsl JIEKTPUUECTBA MBITAETCS TOCTPOUTH TEOPHS TOKA
MPOBOAMMOCTH, OCHOBAHHYIO Ha JIBH)KEHUU CBOOOIHBIX JIEKTPOHOB C HEMOIBHKHBIMA HOHAMH.

OTOT (aKT HABOJUT HA MBICIIb, O TOM, 4TO Dapajeil moaydns B KaueCcTBE TOKa
MIPOBOJAMMOCTH JIEKTPOHHO-TIO3UTPOHHBIN TOK, paCIPOCTPAHSIOMIUNICS BOKPYT MPOBOTHUKOB.

Paxr 8.

AHEKIOTUYHOCTh OOBSICHEHHUSI CBEPXITPOBOAMMOCTH TIOCPEICTBOM KYIIEPOBCKUX Tap
HABOJUT HA MBIC]Ib, O TOM, YTO TOKOM IPOBOJUMOCTH SBJISETCS 3JEKTPOHHO-TIO3UTPOHHBIN TOK,
pactpoCTpaHsIOMUNCS B 3PUPE BOKPYT MPOBOTHUKOB.

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.

dakr 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
YacTHUII B pa3psiji peajibHO CYIIECTBYIOIIUX YACTHII.

dakr 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
BHHUMAaHMUIO YUTaATEIICH.

I'mnore3a noka3sbiBaer:
Kak simpa aTOMOB 3aKpy4YUBaIOT IPAaBUTOHEI.
Kak rpaBuTaiust aToMOB, CyMMHUPYSICh, POXIAET IPABUTAIHIO TEJ.
Kak simpo aroma, Bpamiasch ¢ OrpOMHOI CKOPOCTBIO, OCYIIECTBIISIET CHIIBHOE
B3aWMO/ICICTBHUE.
Kak, Bpamaromuiicss BOKpYT siipa JIEKTPOH, HE U3JTy4aeT dJICKTPOMAarHUTHYIO BOJIHY.
Kak aToMbI COETUHSAIOTCS B MOJICKYJTBI.
Kak B simpax aTOMOB IPOTOHBI K HEUTPOHBI ¢ KOJIOCCATLHON OBICTPOTOM MPEBPAIIAIOTCS
Apyr B pyra.
Kak pa3HOCTh rpaBUTAIIIOHHBIX TOTEHIIMAIOB POXK/IAET MPUBHIICTUPOBAHHYIO CUCTEMY
OTCU€Ta.
Kak abcTpakTHOE HHEPIIMOHHOE IBU)KCHHUE MPEBPAIIACTCS B BEIIYMKY MBICTHTEIICH.
Kak 351eKTpoH U O3UTPOH MPEBpaIAeTCsl IPYT B IpyTra.
Kak "mpumopo3ka" cBOOOIHBIX 3JIEKTPOHOB K aTOMaM SIBJISIETCS TPUIMHOM
CBEPXIIPOBOIUMOCTH.
Kax dopmynsr Kynona u HeroToHa 0 B3auMoIeiCTBUH 3apsI0B M O B3aUMOICHCTBUU
TPAaBUTHUPYIOMIUX T UMEIOT OAMHAKOBYIO MaTEMATHIECKYIO (hopMmy.
Tverdokhlebov, G. A.
Private researcher
Russia, Togliatti
Grand Unified Theory
Summary
The unifying element of all interactions: gravitational, magnetic, electromagnetic,
nuclear-strong, nuclear-weak is graviton.
Gravitons are generated by atoms 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.

Moreover, the electron is a magnetic monopole of the north pole, and the positron is a
magnetic monopole of the south pole.

There are no separate electric charges (non-magnetic charges) in nature.

Annomauus

O6vedunumenbHbLM INEMEHMOM 8CeX 83AUMOOEUCMBUIL: ePABUMAYUOHHO2O0,
MACHUMHO20, INEeKMPOMASHUMHO20, A0EPHO-CUTbHO20, A0EPHO-CIAO020 ABNACCA 2PABUMOH.

I pasumonvl 2cenepupyomces 6paujarOWUMUCsL ¢ 02POMHOL CKOPOCHbIO SOPAMU AMOMOS.

I'pasumon 23mo muHu 8uUXpsb 2¢hupa, KOMOPLILUL CBOUM BPAUYEHUEM 2eHEPUPY e CeGePHbILIL
U FOXCHBLU NOIIOCA MACHUMOS.

Bcsa mamepus Becenennou cnodcena uz 2pasumono u OKPYHceHa umi.

Ipumsrnymoie Opye Kk Opy2y pasHOUMEHHBIMU NOJIOCAMU SPABUMOHBL YOPMUPYIOM
2pasumoHHbvle YenouKu, 0opasyrowue 2pasumayoHtble, MazHUMHble U INeKMPOMACHUNHbLE
nOJIAL.

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

Cospemennas mooenvb amoma, 2oe amom Ha 99,99% cocmoum u3 nycmomol, He
8vl0epIfcUBaAe HUKAKOU KPUMUKU.

A epasumayuoHHO-NOIAPHAS MOOETb AMOMbL HOOMBEPHCOACMCSA ONLLMAMU.

I'pasumonsi ceoeli MacHUMHOU UHOYKYUEU NPUMASUBAIOM 2pasumupyrowue mena opye K
opyay, 00CIYHCUBAIOM MACHUMHbIE CBOUCMEA Mel, NIAHEN U 3630, a MAK’Cce NPUMASUBAION
PA3HOUMEHHBIE U OMMATKUBAIOM OOHOUMEHHBLE 3aPA0bI.

I pasumonvl 8 OnpedenénHbIX YCI08UAX MO2YI NPUOOpemams 3apsio d1eKmpona Ui
nO3UMPOHA.

Tak, mpenue CMeKIAHHbIX U CMOJISIHBIX NALOYEK eCMb KaK pa3 me YClo8Us, KOmopble
cnocobcmeyem npuodbpemeHuio 2pasumoHamu, OKPYHCaAroWUMU NATOYKU, IIEeKMPOHHbIX U
NO3UMPOHHBIX 3aP008.

Ilocmasnennwiii 06ecmu 1em momy Hasaod Papadeem onvim ceudemenbCmsayem o mom,
YMoO MOKOM NPOBOOUMOCTU SABNACMCSL INEKMPOHHO-NOZUMPOHHBII MOK, KOMOPbILL
PACNPOCMPAaHAEmcs He 6HYMPU NPOBOOHUKA, A 8 npuiie2arouyem npo8oOHUK Clloe 3pupa.

DeKmpOHHO-NO3UMPOHHBIIL MOK MO0 nepeodaid 3apsio08 1eKMpPOHO8 U NOZUMPOHOE CO
CKOPOCMbIO c8ema om 0OHUX, OKPYHCAIOWUX NPOBOOHUK, 2PABUMOHOE COCEOHUM PABUMOHAM.

Ipuuem, 31eKMpor 5mMo MAZHUMHBIL MOHONOJb CEBEPHO20 NONIOCA, d NOZUMPOH -
MA2HUMHBIL MOHONOIb I0HCHO20 NOTIOCA.

Cneyughuuecku 21eKmpudecKux 3apso0o8 8 npupooe He cyujecmaeyemn.

OraaBiaenue
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1. Boabmoii B3pbIB 1 60Jbmas Beesennas

Kpome nameit manenpkoi (Habr01aeMoi) BCEJICHHOM CYIIIECTBYET BEYHAs U
OeckoHeuyHas Oounbiias Beenennas, coctosas U3 0eCKOHEYHOTO 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 — 3dupe.

['paBuTOHHAs 3BE3/1a pOKAAETCS MOCPEACTBOM I'PABUTALIMOHHOIO KoJularca, Koraa
IpaBUTALMA [TOJIHOCTHIO pPa3pyIIaeT BCE AJIEMEHTHI SAep U KOTJa €IMHCTBEHHBIM «KUPITHUYUKOM)»
MaTepUu OCTAETCS TOIBKO IPABUTOH.

['paBUTALIMOHHBIN KOJUIANIC TPABUTOHHOM 3B€3/Ibl TEHEPUPYET €€ BpaIllCHUE
KOJIOCCAJIbHOM CKOpOCTH. [ITOTHOCTh rpaBUTOHOB Ha HECKOJIBKO MOPSIKOB MPEBBIIIAET SIACPHYIO



IUIOTHOCTD. ['paBuTAalysl 3B€3/1bl MPUTSITUBAET K cebe Tena, 10 TeX Mop, MoKa CKOPOCTh
BpAIICHUS 3BE3/1bI BOKPYT COOCTBEHHOM OCH BpAIlIEHUSI HU Pa30PBET e€.

Tak poxnaercs bonbuioi B3peis.

Bonwmmoit B3peiB rpaBUTOHHOW 3BE37bI 00pa3oBajl  PACIIUPSIONIEECS MPOCTPAHCTBO,
3aIMOJTHEHHOE TPAaBUTOHAMH — MHKPOCKOMUYECKHUMH BUXpAMU 3(upa, KOTOPBIA SIBISETCS
MarHUTHBIMH JHTIOJISMU.

Bonboit B3peiB Tak:ke oOpa3oBal emé JBa MUKPOCKOITMYECKUX BUXPS 3(hupa, KOTOphIe
OT0sICaJIM HEKOTOPbIE IPAaBUTOHBI B BUJIE TOPOUIOB, BpallleHHE HAPYKHON 4acTU UX 000JI0UYKU
TeHEePHUPYET CEBEPHBIN U I0KHBIN MOII0OCa MarHuTa, 00pasys 3JIEKTPOHHBIN U TO3UTPOHHBII
3JIEKTPUYECKUHN 3apsia. 3apsibl IPUTITUBAIOT COOTBETCTBYIOIIMMHU MOJIOCAMH OKPYXkKaIOIne
TPaBUTOHBI, 00pa3ys AIEKTPOHBI U TO3UTPOHBI, KOTOPBIE YHEPTHIO B3PIBA OTPA3HIIN B
KOPOTKOBOJIHOBOM M3JIyYEHHH, HA3BAHHBIM PEIIMKTOBBIM M31y4YE€HUEM. DHEPTUsl PEIIUKTOBOTO
U3JIy4EeHHS 10 CUX MOp SBJSETCSA FEHEPATOPOM BpAIllEHUs] MUKPOYACTHUIL, BKJIIOYAs SApa aTOMOB.

B npouiecce bonbiioro B3peiBa 4acTh MO3UTPOHOB, UMEST KOJIOCCATBHYIO CKOPOCTh
BpAIlleHUsI, OKYTHIBAET ce0sl TPaBUTOHHBIMU cpepaMu, CKUMAIOIUMU 3T TO3UTPOHBI B JECSThH
TBICSIY pa3, U, TAKUM 00pa30B, YBEIMYUB CBOIO Maccy, MpeBpaIlaeTcs B IpoToHbl. YacTb
MPOTOHOB, 3aXBATUB CBOMMH IPABUTOHHBIMU C(hepaMu SJIEKTPOH, MPEBPAIIACTCS B HEUTPOHBHI.

[TpoTOHBI 1 HEUTPOHBI OOPA3YIOT SApa aTOMOB. S /Ipa aTOMOB CBOMM BpallleHUEM
POXKIAIOT HOBBIE TPaBUTOHBI. HOBBIE TPaBUTOHBI OKYTHIBAIOT SiAPa aTOMOB, (GOPMUPYS
rPaBUTALMOHHBIE [10JIS1 aTOMOB, a TAK)KE OKYTBIBAIOT, COCTOAIINE U3 3TUX aTOMOB
TPaBUTHUPYIOIIUE Tela, 00pa3ys IPaBUTAIMOHHBIE TIOJS TPABUTUPYIOIIHMX TEll.

Tak U3 OCKOJIKOB CTapOi BCEJICHHOM POKIa€TCsl HOBasi BCEJICHHAS.

VY ckopeHue paciiupeHust BCEJICHHON OMpPEeeNsieTCss TEM, YTO PaCIIUPSAIONIascs
BCEJICHHAs MOTJIOIAET MATEPUIO COCETHUX BCEJIEHHBIX, U Spa aTOMOB 3TOW MAaTepUn
BKJIIOUAETCS B MIPOLECC PACIIUPEHHS HALEH BCEJIEHHOM.

['unoTre3a o pokAEHUU HAIIEW BCEJIEHHOW MOCPEICTBOM BpallaTEIbHOIO pa3phiBa
TPaBUTOHHOMW 3BE3/IbI COTIIACYETCSI C U3BECTHBIM (PaKTOM, YTO OOJBIIIMHCTBO TaJJaKTUK HaIIeH
BCEJICHHOM, SIBJISASACHh OCKOJIKaMH IPaBUTOHHOM 3BE€3/1bl, BPAILIAETCS B OJTHOM U TOM K€
HaIlpaBJICHUMU.

2. 3¢up

D¢dup — BcenmpoHUKAOIIas, U30TPOIHAs, HETIOIBIDKHAS, HE OKa3bIBAOIIIAS
COTIPOTUBIICHUS ABIKYIIMMCS TelaM, ra3omnogo0Has cpefa.

W3 yero cocTouT 3TO ra3ononodre HaM He U3BECTHO.

[IpeanonoKXuTeNbHO 3TO YaCTULBI, KOTOPBIE rOpa3 0 MeHbIIe aToMoB. Ho 3Th yacTuiisl
MO3BOJITIOT POKIATHCS 3(PUPHBIM MUHU BUXPSM — TPABUTOHAM, KOTOPBIE SIBIISIFOTCS
MarHUTHBIMH JTATIOJISIMU.

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

3. I'paButoH

['paBUTOH — «KUPIUYHKY», U3 KOTOPBIX CKJIA/IbIBAETCA BECh MaTEpPUAIIbHBINA MUP.

['paBUTOHBI TEHEPUPYIOTCS BPALLAIOLUIUMHUCS SIAPAMU aTOMOB, U MIPEICTABISAIOT CO00M
MUKPOCKOIUYECKHE BUXPHU IPUPA, KOTOPHIE SBISIOTCS MATHUTHBIMH TUTIONISIMHU.

['paBUTOH — eAMHCTBEHHAs IEMEHTapHAs YacTULA. YacTHUIIbI: 3JIEKTPOH, TO3UTPOH,
MPOTOH, HEUTPOH — SABISIOTCS COOPHBIMU YACTUIIAMH.

[Tonyyaemble Ha KOJIIIARAEpPaX MHOTOYUCIIEHHBIE YACTULBI SIBIISIIOTCA OCKOJIKAMHU
Ha3BaHBIX YaCTHII.

CnuH, Kak BpallleHue BUXPS: BPAIIAETCS B OJTHOM U TOM K€ HallpaBJICHUMU.

HamnpaBnenue MarHuTHOM MOJISpU3aLUA TPABUTOHOB OMPEACIAETCS dJIEKTPUUECKUMH,
MarHUTHBIMHU U TPaBUTALIMOHHBIMU OTEHIIMATIAMH.

[TputsiHYTBIC APYT K IPYTY PA3HOMMEHHBIMH MOJIIOCAMH TPABUTOHBI 00Pa3yIoT
rPABUTALMOHHBIE, MATHUTHBIE U 3JIEKTPOMArHUTHBIE MTOJIS.



['paBUTOH Takke SBISETCS KBAHTOM IPABUTALIMOHHOTO TOJIsI, 00pa3yoIIero TeJIo aToMa,
110 CWJIOBBIM JIMHUSIM KOTOPOI'O BPAIAIOTCs SJEKTPOHBI.

['paBUTOH Takke SABISETCS KBAHTOM IPABUTALIMOHHOTO TOJIsI, 00Pa3yIOIIEro Tea saep
aTOMOB, BPAILEHHE KOTOPBIX ONPEIEISAET CHIIBHOE B3aUMOJICHCTBHE.

['paBuUTOHBI, 00pa30BaHHEIC B PE3YNIbTATE AHHUTWISIIUH SJICKTPOHA C TIO3UTPOHOM,
JIBIDKYTCS B 9UpPE U KOIEOTIOTCS B BEIIECTBE, PETUCTPUPYETCS KaK (DOTOHBHI.

[Ipu pacnane sanep poxaar0TCs MPaBONOJIIPU30BaHHBIE HEUTPUHO U
JIEBONOJIAPU30BaHHbIE AHTUHEUTPHUHO, KOTOPBIE, HA HAIl B3I, TAK XK€ SIBISIOTCS
rPaBUTOHAMM.

Bbonbiioe konuyecTBo GOTOHOB BO BCEICHHON OOBSICHSIETCS TEM, UTO BCEJICHHAs
3aroTHeHA He3aTyXaloIUMH JJIEKTPOMArHUTHBIMU BOJTHAMH, 00Pa30BaHHBIMH JICKTPOHAMU U
MO3UTPOHAMH, KOTOPbIE, CTAIKMUBAsICh, AHHUTHWIIUPYIOT, 3aIIOJIHSS BCEJIEHHYIO (JOTOHAMH.

MHueHnue 0 ToM, 9T0 OTOH SIBISIETCS KBAHTOM JIEKTPOMATHUTHOW BOJIHEI,
HECOCTOSITENIHO MOTOMY, UTO 3JI€KTPOMarHuTHas BOJIHA, KaK JaBHO MU3BECTHO, 001a1aeT
ANEKTPUUECKON U MAarHUTHOM COCTABJISIIOLIMMU U, CJIEIOBATEIbHO, YACTULIA, HE UMEIOIIas
3JIEKTPUYECKOTO 3apsAJia, HE MOKET SABJIATHCS KBAHTOM 3JIEKTPOMArHUTHOW BOJIHBI.

['paBUTOHBI UMEIOT CIIOCOOHOCTH B OMPEICIEHHBIX YCIOBUSX MPUOOPETATH
ANEKTPUYECKUH 3apsi/l B BUJIE TeHEpAllM MarHUTHOI'O MOHOIIOJISI CEBEPHOT'O MOJTF0Ca (3JIEKTPOH)
Y MarHUTHOTO MOHOIIOJS F0XKHOTO T0JIt0ca (IIO3UTPOH).

Creunuyecku 3JIeKTPUUECKHUX 3apsAA0B B IPUPOJIE HE CYIIECTBYET.

Buaumo nmenno rpaButonsl MenjeneeB Hazpasl Koponuewm (asmement "Y"), momecTus
ero B Ta0:uiie B mepByIo IPyYIITy HYJIEBOIO psija.

4. Macca
KonuyecTBO BCeX rpaBUTOHOB, IPUHUMAKOIINX YYACTHE B CTPOUTENBCTBE AIEMEHTOB
TeJa: MO3UTPOHOB, 3JIEKTPOHOB, IPOTOHOB, HEUTPOHOB, SAJIEP ATOMOB, CAMUX aTOMOB U UX
rPABUTALMOHHBIX TOJIEH, & TAKIKE ONPENEIAIOIINX MOJIEKYJIIPHbIE U UHBIE CBS3U BEILIECTBA B
TPABUTUPYIOIIUM TEJI€ — ONPEACINISIIOT Maccy JaHHOTO Teja.
5. I'paBUTAllMOHHBIE TOJIS
5.1. Kondurypanusi rpaBUTAIlHOHHBIX MOJel

Bce rpaButnpyroniue Tena reHepupyroT CBOUMH SIIPAMUA aTOMOB T'PAaBUTOHHBIE LIEMTOYKH.
U Bce rpaBuTHpyIOMIKE TEa MOTJIOMIAIOT TPABUTOHHBIE IIEMOYKH, UCXOSIINE OT APYTUX
TPABUTUPYIOLINX TEN.

Takum oOpaszam, KOHPHUTYpaIUs TPAaBUTAITMOHHBIX MOJIEH XapaKTEePU3yIOTCS IBYMS
BCTPEYHBIMH IMIOTOKAMH I'PAaBUTOHHBIX LIEMOYEK. BCTpEeUHOCTh ompenensercs TeM, 4To
TPaBUTHUPYIOIINE TEIAa TEHEPUPYIOT TPABUTOHHBIE IIEMIOYKH, MArHUTHAS TOJISPU3ALIMS KOTOPBIX
MMEET HallpaBJIE€HUE I0T—CEBEP K LIEHTPY Tela, a MOJIOMIAIIUE 3TUM TEJIOM I'PAaBUTOHHBIE
[ENOYKH UMEIOT OOPATHYIO MOJISIPU3AIMIO — CEBEP-IOT K LIEHTPY Tena.

Takast BCTpEeUHOCTh T'PAaBUTOHHBIX LIEMOYEK MEXKy TPABUTHPYIOLIUMU TEIAMHU
BO3MOYKHA, B OTJINYKE OT BCTPEUYHOCTH T'PABUTOHHBIX LIETIOYEK MEKTY OTHOMMEHHBIMU
3apsAJlaMy, TOTOMY, 4TO B IPOCTPAHCTBE, II€ B3aUMOJEHCTBYIOT OJJHOUMEHHBIE 3aps/ibl, U TIe
AJIEKTPOHBI TEHEPUPYIOT TPABUTOHBI C MOJSPU3ALNEH IOT—CEBEP — CEBEP—IOT, & TO3UTPOHBI
CEBEp—IOT — FOr—CEBEP, BCE MPOCTPAHCTBO B3AMMOIEUCTBUS ITUX 3apsII0B 3alI0JHEHO
IPAaBUTOHAMU C OJJHOMMEHHOM MOJIIPU3ALMEN, KOTOPBIE, HAXOIACH 110 KpasiM 3JIEKTPUYECKOTO
0JIsI, COCTHIKOBBIBASACH B 3(hHpe OAHOMMEHHBIMU MOJIFOCAMHU, OTTATKUBAIOTCA.

['paBuTHpYIOLIKE KE TEJIa TEHEPUPYIOT TPABUTOHHBIE LIETIOYKU, KaK I0T—CEBEP
noJsipu3aluei, Tak u cesep—tor. [1o3ToMy B mpoCcTpaHCTBE B3aUMOJICUCTBUS TPABUTUPYIOIITUX
TEJ pacpOCTPAHSIIOTCS PSAIOM, HE MelIasi APYT APYry TPABUTOHHBIE IIEMTOYKH C
MPOTUBOIIOI0KHON MOJISIPU3ALMEN TPABUTOHOB.

CuIioBbI€ JIMHUM TPAaBUTALMOHHBIX MOJIEH BOKPYT IBYX TPABUTHPYIOLIUX TeEJl
pacpoCTPaHAOTCS aHAJTOTUYHO TOMY, KaK 3TO JIE€JAI0T CUIIOBBIE IMHUUA MEXKIY JIBYMS
Pa3HOUMEHHBIMH JIEKTPUUYECKUMHU 3apsigaMu. To ecTh, BCTpEUHbIE TPABUTOHHbBIE LIETTOYKU



COCAMHAIOT TPAaBUTHPYIOLIHE TEJIa HE TOJIBKO M0 BceMy (DPOHTY NPUTSKEHHUS Tell, HO U C
00paTHBIX CTOPOH ITUX TEJl.

K mpumepy, obpatnast ctopona JIyHsl coeuHeHa ¢ 00paTHOM CTOPOHOM 3eMIIH, UTO
SIBJISICTCSI IPUYMHON 00pa30BaHUsI 0OpaTHOTO ropOa MPHIIMBA BOJHBIX Macc Ha 3eMIie.
OO0partHblIif rop0 HIKE JIMIIEBOI0 IOTOMY, YTO ()POHTAIBHBIC IPAaBUTOHHBIE IIETIOYKH KOPOUe
TPaBUTOHHBIX 1IETI0YEK, COAUHSIOMINX TPAaBUTHPYIOIIHE Tela ¢ 0OPaTHBIX CTOPOH.

I'paBUTOHHBIE LIEMOYKH, KOTOPBIE MOMJIOMIAOTCS TPABUTHPYIOIIUM TEJIOM,
INPUTSTUBAIOTCSA BEIIECTBEHHBIMHU I'PAaBUTOHAMU C COOTBETCTBYIOLIEH MarHUTHOM
noJisipu3anueii. A rpaBUTOHHBIE LIETIOYKH, KOTOPBIE UCXOAST OT IPaBUTHPYIOIINX Tel,
MPUTSITUBAIOTCSA TEHEPUPYIOLIUMU UX apaMu aToMOB. Takum 06pa3oM, MarHuTHasE MHAYKLIHS
BCTPEUYHBIX IOTOKOB I'PAaBUTOHHBIX LIENIOUEK ONPEIEIIAET IPUTIKEHUE KOCMUUECKUX TEJ APYT K
Apyry.

Kcratn, TOT daxT, 94T0 PopMyIibl 3aKOHA BCEMUPHOTO TAroTeHHs: HploTOHA 1 3aKOHa
B3auMOoJieicTBH 3apsiioB KylnoHa UMEIOT OAMHAKOBYIO MaTeMaTHUECKYIO (hopMy, OObIICHSIETCS
TEM, YTO 3TU (POPMYIIBI OTPAXKAIOT OJJUHAKOBOE COOTHOILICHUE MEXKIY KOITUYECTBOM I'PAaBUTOHOB,
Y4aCTBYIOIIMX BO B3aUMOJEHCTBUH, U CUJION, TEHEPUPYEMOM 3TUMU T'PAaBUTOHAMM.

A TaK Kak CHjia 3JeKTPUUECKOT0 B3aMMOACHCTBHUS HECPABHEHHO 0OJIbIIE
IPaBUTALMOHHOIO, TO U MAarHUTHAsI UHAYKLUS IPAaBUTOHOB, TEHEPUPYEMBIX JIEKTPUUECKUMU
3apsiaMu, HECPaBHEHHO OOJIbIIIE MATHUTHOW MHIYKIIMY TPAaBUTOHOB, T€HEPUPYEMBIX
FPaBUTHUPYIOIIMMHU TEJIAMHU.

PesynbTHpyromas cuia BceX IpaBUTOHOB, yUYaCTBYIOIIUX BO B3aUMOJICHCTBUY IBYX T€J,
a TaKKe BYX 3aps0B, PAclookKeHa Ha IPSIMON, COSIUHSIONIEH LIEHTPBI ATUX TeJl U 3apsiIOB.

Cuna npuTspKeHUs Tel Ipyr K Apyry, o pacueraM Mcaaka HprotoHna, nmpsmo
IPOMOPLUUOHANIbHA TPOU3BEICHUIO TPUTATUBAIOLINXCS MAacC, U 00paTHO MPOIOPLIHOHAIIbHA
KBaJlpaTy pacCTOSIHUS MEKIy HUMMU.

OO6paTHas NpONOPIHOHATBLHOCTD KBaJIpaTa pacCTOSHUS MEXY TeJIaMH OIpeesieTcs
TEM, UTO COEIMHAIOIINE TEJIa TPAaBUTALMOHHBIE LIETIOYKH IIOCTOSIHHO MOJIBEPTatoTCs
paspyliaronieMy Bo3IeiCTBUIO AJIEKTPOMAarHUTHBIMU BOJIHAMU, (POPMUPYIOLITUMUCS
AJIEKTPOHHBIMU M MIO3UTPOHHBIMHU 3apsIaMHu.

DNEeKTPOMarHUTHBIE BOJHBI, PACIIPOCTPAHSIONIMECS B TPaBUTALlMOHHOM I10JIE, U
HOJIIPU3YIOIIKE IPABUTOHBI IO CBOMM 3aKOHaM, MPSIMO U HEMOCPEACTBEHHO Pa3pyllIaeT
OJIHOHANPABIECHHOCTh MAarHUTHOM MOJISIPU3aLUK HEKOTOPOTO KOJIMYECTBA T'PAaBUTOHHBIX
IIET0YEeK, YTO U 00pa3yeT 0OpaTHYIO KBAAPATHYHYIO 3aBUCUMOCTh CHJIbI IPUTSHKEHUS TeJ IPYT K
JIPYTY OT PACCTOSTHUSI MEKTy HUMHU.

IIpu 3HAUNUTEIBHBIX PACCTOSHUAX MEKIY TEIAMHU IEKTPOMArHUTHBIE BOJIHBI TIOJTHOCTHIO
OJIOKHPYIOT BO3MOKHOCTh YCTaHABJIMBATh MEXKAY TEJIaMU OJIHOHAMPABICHHYIO MarHUTHYIO
NOJIIPU3ALUIO TPABUTOHHBIX LIETIOYEK.

5.2. [IpyynHa MHEPUHMHU — JIOPEHIIEBO COKPAIlEeHHe

OCHOBOI MHEPLIMOHHOTO ABUKEHHUSI SIBJIIETCS JIOPEHIIEBO COKPALIEHUE UIMHBI
JBUKYLIUXCS TE BJIOJIb BEKTOPA UX JBHKEHUS.

Cuna uneprun popMupyercs, KOraa TeJo IBUKETCS MO JeHCTBUEM BHELTHEH CHIIBI
paBHOMEPHO, JTUOO C YCKOPEHHEM B I'PaBUTALMOHHOM T0Jie 00Jiee MAaCCUBHBIX Tell, U Te
JBUKYIIEECS TEJIO0 IPOHU3BIBAETCS BCTPEYHBIMU I'PAaBUTOHHBIMU LIEMIOYKAMU, UCXOASIIUMU OT
0oJiee MaCCUBHOTIO TeJla U COCEAHUX TEJl.

B nanuuuu Takoii gedopMariii He MPUXOAUTHCS COMHEBATHCS TIOTOMY, YTO HAIIE TEJIO
UCIBITHIBACT 3Ty JehOopMallnio, KOT/1a Mbl IBUKEMCSI C YCKOPEHHUEM.

JIBM>KEHME TeNa OCYIIECTBIIETCS BMECTE CO CBOMM I'PABUTALIMOHHBIM I10JIEM, TO €CTb,
BMECTE C UCXOJALIMMHU OT TeJla TPAaBUTOHHBIMH 1IETIOYKAMHU.

W ecnu Ten0 NOKOUTHCS, OTHOCUTEIBHO BCTPEUHBIX IPAaBUTOHHBIX LIETIOYEK (K IPUMEDY,
JISKUT HA TIOBEPXHOCTH 3€MJIN), TO BCTPEYHbIE I'PAaBUTOHHBIE IIEMIOYKH MOTJIONIAIOTCS TEIOM CO
BCEX CTOPOH PaBHOMEPHO, U LIEHTP MACChI T€JIa U LEHTP €ro IPaBUTALMOHHOTO MO COBNAJAIOT.



Ecnu xe Teno aBuKeTcs, TO B KAKOM ObI HAITPABJICHUU OHO HU JIBUTAIIOCH, OHO JIBUKETCS
HaBCTpPEUy BCTPEUHBIX TPABUTOHHBIX IIEMOYEK, UTO M ONPEACIIIeT AedopMaIuio Tea.

[lenTp Maccel 1eOpMUPOBAHHOTO Tella HE COBIAACT C IIEHTPOM €T0 TPaBUTAIIMOHHOTO
MOJIsI, U MEXKJTy STUMH IIEHTpaMu (pOpMUpyeTCs TrpaBUTAIMOHHBIN MOTEHIIUAT, B BUIE CHITBI
uHepuuu. U xorna aeiicTByromas Ha TEJIO BHEIIHSAS CHJIa UCYE3aeT, HAUMHAET JIeMCTBOBATh
CHJIa MHEPIIMH, KOTOpas HalpaBjieHa Ha yCTpaHeHue AeOopMaIliy Tella, Ha TOMBITKY
MPOJIOJKUTD JIBUJKEHUE TEa.

OO6pa3zoBaHue CUJIBI MHEPIIUH TeNa, TBIKUMOE BHEIITHEH CHUJION B moJjie 6osee
MAaCCHBHOTO TeJa, COMPOBOXKIAETCS (POPMUPOBAHUEM IIEHTPA MACC MEXKIY JaHHBIM TEJIOM U
0oJiee MaCCUBHBIM TeJIOM. M 3TOT IIEHTP Macc CIYKUTh OMOPOH ISl IIEPEMEIEHUS TaHHOTO
TeJa B TPaBUTALMOHHOM TT0Jie 60JIee MACCUBHOTO Tea.

Takum 00pa3oM, y CHJIbI TPaBUTAIIMN HET KaKOH-INOO0 OMOPHI TSI TEpEMEICHHUS
TPABUTUPYIOIINX TEN, a Y CHJIbI UHEPIIMHU €CTh TaKas omopa.

@DaKT ABMKEHHS TPABUTALIMOHHOTO TOJISl BMECTE C TEJIOM OTPAXKAETCS U B MOBCEIHEBHOM
JKU3HU: KOTJIa aBTOOYC PE3KO TOPMO3UT, HAIIIEe TEJIO, YBIEKaeMOE HAIITUM T'PaBUTAI[MOHHBIM
IOJIEM, TIBITAETCS IPOJIOJDKUTD JBIKeHUE. U, kcTaTu, 3TOT (PakT CBUAETENHCTBYET O TOM, UTO
Macca Tejna U Macca ero rpaBUTAllMOHHOIO TMOJIsS — 3TO OJ[HA U Ta )K€ BeJIMYUHA. A U3 3TOr0
dakTa cieayer caenaTh BBIBO, YTO 00pa3yroIIre TPaBUTAIIMOHHBIE TI0JII TPAaBUTOHBI HE MOTYT
OBITh 0€3MAaCCOBBIMU YaCTUIIAMH.

Cunty MHEepLIMU TTOKOS, B TAHHON KOHLIETIIUY UHEPLIMHU, MOKHO ONPENIETUTh KaK CHITY,
pPaBHYIO BHEIIHEH culie, KOTOpasi, MPEXkIAEe YeM OCYIIECTBUTH IBMKCHHUE TeJla, CO3AaeT
nedopmalruu Tena B HalpaBJICHUH MPEIT0JIaraeMoro ABUKCHUS.

Taxum 0Opa3oM, MHEpIHMS Tell, BKJIIOYas MJIAHEThI U 3BE3]IbI, ONIPEACIICTCS BHYTPEHHEN
CTPYKTYPOM TeJla U €ro TPaBUTAIMOHHOTO MOJIs1. A aOCTpaKTHOE MHEPIIMOHHOE JIBI)KCHHE,
0C30THOCUTENILHO K BHYTPEHHEH CTPYKTYpPE TEJIa U €ro TPAaBUTAIMOHHOTO TOJIs, 3TO BBIIYMKA
MBICITUTEIICH.

N 3T0 cTaHOBUTHCS OUEBUIHBIM, €CJIM MPOAHATU3UPOBAThH BBIIYMKY C HHEPIUATbHBIMU
CUCTEMaMHU OTCYETA.

5.3. ®uaocopcko-maTeMaTnyeckas adCTpaKuus

WNueprmanbHas cucreMa oTcuéra 3To puinocodcko-MaTreMaTuieckast abCcTpakius,
MCKaXKarollasi peajJbHOCTh HAIIETO MUpA.

NckaxeHnne, BO-MEPBbIX, HAUMHAETCA C TOTO, UTO B 3TOM CUCTEME JEMOHCTPUPYETCS
0E30THOCUTENILHO JIBIKYIIIUECS WIIA TTOKOSIIIIAECS Tela.

Torma kak B pealbHOM MHPE IBUKEHUE U TTOKOH TEJ OCYIIECTBISETCA TOJIBKO
OTHOCHUTEJNIbHO APYTUX TEN.

Bo-BTOpBIX, B 3TUX CUCTEMaX HE OTPAKAKOTCS MPUYHMHHO-CIICICTBEHHbBIE CBS3U
JBIDKYIIMXCS WK TTOKosuXcs Ten. W, kak ciencTBre, MHepLUs ONpeaesaeTcs Kak
OecprYMHHAS CTIOCOOHOCTH TeJla COXPAHATh COCTOSTHUE TIOKOSI HJIA TTPSIMOJIMHEHHOTO
PaBHOMEPHOTO JABUKECHUSI.

W, B-TpeThuX, B peaJIbHOM MHUPE HE CYIICCTBYET MPOCTPAHCTBA, T/IE TEIa MOTJIH ObI
OecTpensITCTBEHHO OCYIIECTBIISATh MPSIMOJIMHEHHOE paBHOMEPHOE JIBIKEHUE, HOO BCETICHHAS
3al0JIHEHA TPABUTALIMOHHBIMU MOJISIMHA, UCKPUBIISIFOIIMMHU, U IPIMOJTUHEUHOCTD, 1
PaBHOMEPHOCTH ABHKEHUS TEI.

Takum 00pa3oM, MOKHO OJTHO3HAYHO KOHCTATUPOBATh, UTO JIaHHASI CHCTEMa OTCUYETA
JEMOHCTPUPYIOT JIOKHOE OTPAKEHUE PEATTbHOCTH.

MoOXHO Tak)Xe OJTHO3HAYHO KOHCTAaTUPOBATh, YTO B ITYCTOM MPOCTPAHCTBE, I€ HET HU
adupa, HU €er0 «aTOMOBY», HEBO3MOKHO TOCTPOUTH CUCTEMBI OTCUETA, T1e OBl aIeKBAaTHO
PeaTbHOCTH OTPAKAIOCH JBMIYKEHNE BOOOIIE, M B YACTHOCTH JBMKEHUE, TCHEPUPYEMOE
AIEKTPUUECKUMU 3apsiIaMU U TPABUTUPYIOIIUMHU TEJIAMH.

WNHeprinanbHbIe CUCTEMBI OTCUYETA B O0BEKTUBHOM PEATbHOCTH CYIIECTBYIOT TOJIBKO KaK
bunocopcro-MaTeMaTHIECKUI HHCTPYMEHT JIJISl PEIICHHS TEOPETUISCKUX 3a/1a4.



A Takoe abcTpakTHOE YOOKECTBO KaK MPOCTPAHCTBEHHO-BPEMEHHON KOHTUHYYM BOOOIIE
HE CIMOCOOHO PelINTh HUKAKUX 3a]1ay.

5.4. MarseTrusM siBJsieTcsl HEHTPAJIbHOM CHJION

[To Hamei runoTte3e NPUTKEHUE TE APYT K APYTY ONPEAEISIETCS MarHUTHOM
UHIYKIHEH TPaBUTOHOB, KOTOPbIE, IPUTATUBASACH PA3HOMMEHHBIMU TOIIOCAMH, 00pa3yoT
TPABUTOHHBIE LIETIOYKN — CUJIOBBIE JINHUH T'PABUTALIMOHHBIX MOJEH.

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

Marsnetusm SBIISIETCS IICHTPATBHON CHIION, OO PE3yIbTUPYIONIAs CHIIa BCEX
YYaCTBYIOIIMX BO B3aUMOJECHCTBUY I'PABUTOHOB HAXOAUTHCS HAa MPSAMON, COETUHSIOMIEN IEHTPBI
NepEeMENIA0IIMNXCS 3apsAA0B U TPABUTUPYIOLIUX TEN.

Macchl n31y4aroT rpaBUTOHHBIE LIETIOYKH, U OTJIOMIAOT TPAaBUTOHHBIE LIETIOYKH,
U3JIY4aIOIIMMU APYTUMHU TPABUTUPYIOITUMU TEIaMHU.

N3ny4€HHble TETOM rPaBUTOHHBIE LIEMOYKH PUTATUBAIOT K 3TOMY TEIy ApYyrue Tena. A
MOTJIOUIAIOIINE 3TUM TEJIOM IPAaBUTOHHBIE LIENOUKH MPUTITUBAIOT JAHHOE TEJIO K APYTUM TelaM.

W ecnm nBa Tena NpUTATUBAIOTCS APYT K IPYTy PaBHBIM KOJIWYECTBOM U3IIYYAOIINX U
MOTJIOUIAOIIMX TPAaBUTOHHBIX LIENIOYEK — 3TO 3HAUYUT, YTO MBI UMEEM JIENI0 C IBYMS TEJIaMU C
PaBHBIMH MacCaMH.

Ecnu xe Teno u3iayvaeT rpaBUTOHHbIC LIEOYKH B JIBA pasza O0JIbIIIe, YeM MOTJIOMAET —
3TO 3HAYUT, YTO MBI UIMEEM JIEJIO C TEJIOM, Macca KOTOPOTO B JiBa pa3a 0oJibllie CBOETO aHTUIIO/IA.

Ho nuist Toro, yTo06!I O0JbIIIee KOIUYECTBO LIEMOYEK UMETIO OONBIIYIO CHITY MIPUTKCHHUS,
JUIS1 3TOTO HYKHa Kakas-TO OI0pa, B KOCMHUYECKOM IPOCTPAHCTBE TAKOM OMOPHI HET, U IOITOMY
KOCMHUYECKHE Te€Ja pa3IMdHbIX MAacC NPUTATUBAIOTCS APYT K APYTY PaBHBIMU CHJIAMHU.

5.5 B3aumoaeiicTBMe rpaBUTALMOHHBIX TOJIEH

B Mexanu3Me rpaBUTaiMi HUMEET MECTO OBITh TAKOW JIEMEHT, KaK BCTPOCHHOCTD Tella
BMECTE CO CBOMM I'PAaBUTOHHBIM I10JIEM B IPaBUTALMOHHBIE TOJIS 60JI€€ MACCUBHBIX Tell.

Jlyna BcTpoeHa B rpaBUTAaLlMOHHOE IT0JIe 3eMin. 3eMilsl BMecTe ¢ JIyHOi BcTpoeHa B
rpaBuTanuoHHoe nojie ConHna. CojHIE BMECTE CO CBOMMMU IIJIaHETAaMU BCTPOEHO B
IPaBUTALMOHHOE T10JI€ LIEHTPAJIILHOI'O TeJa Halllel TalaKTUKH.

Bcerpoennocts 3emiu ¢ JIyHoit B rpaBuTanimoHHoe noJie CoytHIa mpeanonaraet, 4To
CouHIle IPUTATHBAET, HE OTACNBHO 3eMiato U JIyHy, a MOJIBHKHYIO a0CTPaKTHYIO TOUKY,
HaxXOJISAIIYIOCS BHYTPH Tesia 3eMIJIH, Ha3bIBaeMYI0 OapHIieHTpoM crucTeMsbl «3emisi—JIyHna». Ho
3TOT OAPULIEHTP CYILECTBYET HE TOJBKO B (hopMe aOCTPaKTHOU TOUKE, HO U B popme
KOHKPETHOT'O COBMECTHOT'O TPaBUTAIMOHHOTO 1101t 3eMuik M JIyHbl. U 3TOT TaHiem 3emitn ¢
JIyHOl CBOMMH I'PaBUTALlMOHHBIMU LIETIOYKAMH 3aHUMAET IIPAKTUYECKHU BCE IIPOCTPAHCTBO
COBMECTHOTI'O I'PaBUTAIMOHHOTO 1oJs 3emun U JIyHbl. Y TonpKO Manas 4acTh TpaBUTOHHBIX
nenouek CoHIa JOCTUTAET TOBEPXHOCTH 3EMJIM U T€HEPUPYET COJHEYHBIE PUIIUBBI, KOTOPBIE
MIPaKTUYECKH BABOE MEHbIIE JIyHHBIX TPUIIMBOB.

A ucxopsamue ot 3emiu U JIyHbl TpaBUTOHHBIE LIENOYKH, AocTUras CoHIa, OTpakaroT B
o0wveme CosnHila abCTpakTHYIO TOUKY, HA3bIBAEMYIO LIGHTPOM Macc cucTeMbl «ColHIIe—3eMIIs»,
I7ie B cUCTeMe «3eMilsh» OTpaxaeTcsi OapuLeHTp cucTeMbl «3emisi—J/IyHay.

6. 3aK0OH Pa3HOCTH I'PABUTANMOHHBIX MOTEHIMAJIOB
(He Bcé B MUpe OTHOCHTEJILHO)
6.1. Pe3srome

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

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

3axonvr Kennepa makoice ne nposcrsem 5mom 60npoc.



Teopusi omnocumenvuocmu JiHwmelna npeonoiazaem pasHonpasue obeux modex
3peHUsl.

Ho ona mnoeux uccnedosameneti 60npoc 0ocmagancsi OmxpolmviM.

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

Oo0Ho3Haunocmb opmupyemcs pazHocmvio epasumayuOHHbIX NOMEHYUA08.

6.2. 3aK0H pa3HOCTH rPABUTANMOHHBIX NOTEHI[UAJIOB

W3BecTHO, 4TO cucTeEMa U3 ABYX KOCMUUYECKUX TEJ, IBUrasiCh B TPaBUTALIMIOHHOM I10JIE,
1oJ1 AeCTBHEM I'PaBUTALMU U HHEPLUH, POPMHUPYIOT TOUKY BpaIICHUsI, HA3bIBAEMYIO LICHTPOM
Macc, TJe Telo ¢ 00Jbleii Maccoi HaXOIUTCs OJIMKE K TOUKE BPAIICHUS, YEM TEJIO C MEHBIIOM
Maccoil.

U Takoe moBesieHUE TeN ABISETCS U3BECTHBIM (PAKTOM.

Ho 3ToT pakT 10 cux mop He MOIydrsI TOJKHOTO OCMBICTIEHHUS.

Ecnn B macce Connna cocpenorodeHo 99,866% maccel COJIHEUHOM CUCTEMBI, TO
MOHATHO, 4TO COJIHIIE SBJISIETCS HEHTPOM BpAILLEHUs ISl BCErO, YTO BPAIAETCS BOKPYT HETO.
[Tpuuém, neHTp BpalieHus sIBJISIETCS HE OTHOCUTENBHBIM, a a0COMOTHRIM 17151 COoTHEeUHOU
CHUCTEMBI LIEHTPOM BpalIeHUs1, 03HAYaAIOIUM YTO HA OAHO Tea0 COJIHEYHOM CUCTEMBI, HU ITPU
KaKMX 00CTOSITEIILCTBAX HE CIIOCOOHO CTATh IIEHTPOM BpaiieHus: COTHEUHON CHCTEMBI.

Takum 00pa3oM, pa3HOCTh TPaBUTAIMOHHBIX MTOTEHIINATIOB (POPMHUPYET OOBEKTUBHBIA U
a0COIOTHBIN (IS JAHHOM CUCTEMBI TEJ) IIEHTP BpaleHust, 00pa3ys MpUBUIETHPOBAHHYIO
CHUCTEMY OTCYETA, IPUBUIETHPOBAHHOE COCTOSIHUE JBUYKEHUS, I1€ Te€Jla C MEHBIIOW Maccou
BpAIIAIOTCS BOKPYT TeJI ¢ OOJBIIEH Maccoil, M HET TAKMX CHCTEM, IJIe MOXKET OBITh HA00OPOT.

BBuny BaxxHOCTH 3TOTO siBieHUs ((hOpMUPOBaHKE MPUBUIETUPOBAHHBIX CUCTEM OTCUETA
Pa3HOCTBIO TPAaBUTALIMOHHBIX IOTEHIIMAJTIOB) Mbl BO3BEJIH 3TO SIBJIEHHE B PaHT 3aKOHA - 3aKOH
Pa3HOCTH rPaBUTAMOHHBIX OTEHIIMAJIOB.

6.3. /leiicTBHe 3aKOHA Pa3HOCTH I'PABUTAIIMOHHBIX NOTECHIUATOB

Pa3HocTh rpaBUTAIIMOHHBIX TOTEHLIUATOB (DOPMUPYET CUCTEMBI TPABUTUPYIOLIUX TEM,
BHYTPH KOTOPBIX UMEIOT MECTO OBITh MPUBHIIETUN OAHUX TEJ, IO OTHOIICHHIO K IPYTUM TeJIam
3TOM CUCTEMBI TEI.

To ectb, B cucteme ten «Coinnie — 3emiist», ColHIE UMEET NPUBUIIETUIO TOKOUTHCS, &
3emutsi IMeeT MPUBWIIETHIO IBUTAThCs BOKpYT ComHia. M He MoxkeT ObITh HA000pOT
(He3HAUUTENHHOE TIEPEMEITICHHE TeNT ¢ OOJIBIIMMH MAacCaMHU 37€Ch U Jaliee MbI IpeHeOperaem).

Pa3HoCTh rpaBUTAIIMOHHBIX TOTEHIIMAIOB TaK ke (OpMHUPYET MPUBUIIETHIO CBOOOIHO
MaJarOIIUM TEeJIaM MaJaTh Ha TJIABHBINA (B JAaHHOW CHCTEME TEJ) HICTOYHHK TpaBUTAuu. S1610K0
najaer Ha 3eMJIIo, a He Ha00OopOT.

Pa3HOCTh TpaBUTAIIMOHHBIX MTOTEHIIMATIOB TaK e (OPMUPYET MPUBUIIETHIO 3eMIIU
0CTaBaTbCA B MTOKOE, KOT/Ia Tela, MO AeUCTBUEM KaKUX-TH00 IBHKYIIUX CUJI, OTTAJIKUBAsSICh OT
36MHOM IIOBEPXHOCTH, IBUKYTCS OTHOCUTEIBHO 3EMIIH.

TpamBaii IBUKETCS OTHOCUTEIIBHO 3eMIIH, a HE HA000POT.

6. 4. 'paBUTAlINOHHO-TIPOCTPAHCTBEHHO-BPEMEHHAsl CHCTEMa 0TCYETa

3aKOH Pa3HOCTH TPABUTALMOHHBIX MOTEHIUAJIOB IPEAIOIaraeT, YTo ONUCaTh ABUKEHUE
U TIOKOH peasbHBIX 00BEKTOB MIIM OOBEKTOB MBICIIEHHOT'O SKCIIEPUMEHTA a[IeKBaTHO PEATbHOCTH
MO>KHO, TOJIBKO, KAK MUHUMYM, B IIATUMEPHON CUCTEME OTCYETA.

[IatumepHas cucrema OTCYETa, KPOME YETHIPEX U3BECTHBIX I1aPaMETPOB, UMEET BEKTOP
rpaBUTALMU, KOTOPBIN MOKA3bIBAET HAIIPABICHUE IPUTSKEHUS TJIABHOTO B IAHHOW CUCTEME TEN
MCTOYHHKA I'PaBUTALINH.

Ecnu noctpouTs NATUMEPHYIO CUCTEMY OTCUETA HA BEKTOPE IPaBUTALINH,
MOKAa3bIBAIOLIEM HANPaBICHUE MPUTSHKEHHS TJIABHOTO TPABUTUPYIOIIETO TeJa HAIeH TalakTHKH,
TO mipaBoTa KomepHuka cTaHeT OYeBUIHOM, KaK U OMMO0OYHOCTH [ITONMEemesl.

B rpaBuTaninOHHO-IIPOCTPAHCTBEHHO-BPEMEHHOM CUCTEME OTCYETA HET BO3MOKHOCTH
MPOU3BOJIBLHO HA3HAYATh Teja (CUCTEMbI OTUETA) ABMKYITUMHUCS WU TOKOSIUMUCS TIOTOMY,
YTO IATUMEPHAS CUCTEMA OTCUETA IIOKA3bIBAET, 10 KAKUM IIPUUMHAM B3aUMOAEHCTBYIOLINE TEa



HAXOJATCS, TNOO B COCTOSIHIMH OTHOCUTEIBHOTO TIOKOS, THOO B COCTOSTHUUA OTHOCUTEIIEHOTO
JIBUKEHHSL.

B rpaBuTaninoOHHO-NIPOCTPAHCTBEHHO-BPEMEHHON CUCTEME OTCUETa HE CMOT OBl POIUTHCS
abCyp/ 0 3aMeIJICHUH BPEMEHH, MO0 MBICIICHHBIN YKCIIEPUMEHT DWHINTEHHA, T/Ie TOKa3bIBACTCS
OTHOCHUTEJIbHOCTh OJIHOBPEMEHHOCTH, U TJIe¢ DUHIITEWH MPOU3BOJIbLHO Ha3HAYAET Tela
JBUKYITUMUCS, UITU TOKOSLIUMHUCS, HE COOTBETCTBYET 00BEKTUBHOM peaibHOCTH.

MatemaTuuecKu-reoMeTpuUIeCcKas TEOpHUs TATOTEHUS DUHIITENHHA TaKXKe He
COOTBETCTBYET OOBEKTUBHOU (PHU3NYECKOMN PEaTbHOCTH, IOTOMY, YTO OHA HE CITOCOOHA ONUCaTh
MPOIECC MPUTSHKEHHSI T IPYT K APYry PU3NIECKUMU TEPMUHAMHU.

7. 'paBUTAIIMOHHO-TIOJISIPHASL MO/ EJIb aTOMA
7.1. AHHOTAMSA

Buoumo, nacmano epems sanonnume nycmomy mooenu amoma Pezepgpopoa-Bopa, nomomy umo
ama nycmoma deMOHcmpupyem HecoHcumaemocnib amomd.

Ilo naweti eunomese nycmoma O0aNCHA ObIMb 3ANOTHEHA MUHU BUXPAMU dPupa —
cpasumonamu, Komopwle A6JAI0MCA MASCHUNTHbIMU OUNONAMU.

Fpaeumonbl SGJIAIOMCS OCHOBOU cmpoumeibCmea npomoHros, HeﬁmpOHOG, JJIEKMPOHOS,
no3umpoHos, ;zéep amomos, camux anomoe.

Fpaeumonbl makorce onpedeﬂ}nom nepemewienue cpasumupyrowmux mei U INeKmpuiecCKux
3aps008.

7.2. Hama moaesib aToma

[To Hamiei runoTese Tea0 aToMa CI0XKEHO U3 «KUPIUYUKOB)» MAaTEPUH — IPABUTOHOB.
ATOM mpeAcTaBIseT co00i MaTPEMIKY C BIOKCHHBIMHU JIPYT B Ipyra rPaBUTOHHBIME cepamu,
KOTOPBIE SBIIIFOTCS CUJIOBBIMU JIMHUSMH IPaBUTALMOHHOTO TOJI aTOMA, 10 KOTOPBIM
BpAIIalOTCs 3JEKTPOHBI.

Cdeprt 00pazyroTcs 3a CUET BpallleHUsI C OTPOMHOM CKOPOCTHIO AIpa aToMa, KOTOPOe
CO3Ja€T CBOMM BpallleHUEM I'PAaBUTALIMOHHBINA MOTEHIIMAI, YIUIOTHSS MAaTEPHUIO B SIAPE aToMa 10
KOJIOCCAJIBHBIX BEJIMYHH.

DHEpruio BpalleHus sJ1ep aTOMOB T€HEPUPYETCS PEIIUKTOBBIM U3TyYECHUEM.

KauecTBeHHBIM NIEPEX0/I0M MEXKIY SACPHBIMU U aTOMHBIMU T'PAaBUTOHHBIMU CepaMu
SIBIISIETCSL TO 0OCTOSITENIBCTBO, UTO S/IEPHBIE TPABUTOHHBIE CPEPHI SIBISIOTCS TEHEPATOPOM
BpallleHUs1, @ aTOMHbIE TPABUTOHHBIE CPEPHI SIBISIOTCS MOTPEOUTEIEM YHEPTHH BpaAIICHHUS.

CKOpoOCThb BpallleHHUs aTOMHBIX TPABUTOHHBIX cep — OT sizipa K nepudepun aroma —
MOCTETIEHHO 3aTyXaeT, ¥ MOCJeIHNE OT Apa IPaBUTOHHBIE CEPHI MOKOSATCS, OTHOCUTEIHHO
00pa3yroIiero ero BeniecTna.

Bokpyr BeriecTBeHHbIX Macc TpaBUTOHHBIE Cepbl (PaBUTOHHBIE ENOYKN) TTOKOATCS,
OTHOCHUTEIIEHO TPaBUTHPYIOIIETO Tena, 00pa3ys, TAKMM 00pa3oM, ABHKYIIEECS BMECTE C TEJIOM,
TPaBUTALMOHHOE MOJIE.

7.3. CuiibHOe B3auMoO/ielicTBHe

Snpa atoma, Bpamasch C OrpOMHOM CKOPOCTBIO, ONPEAEIAIOT CUIIBHOE B3aUMO/ICHCTBUE,
pOKaroliee B siipe aTomMa Cyrep MJIOTHYI0 MaTepHUIo.

KopoTkozeiicTBre cuabHOTO B3aUMOJCHCTBIE OOBSICHIETCS TEM, YTO TPAaBUTOHHAS
cdepa, oOecreunBaroIIero HaTMYKUe CyNep CUIIbHOTO ITPaBUTALIMIOHHOTO MMOTEHIINAa, HAXOAUTCS
B HEMOCPEICTBEHHOM OIM30CTH OT HYKJIOHOB.

3akpyurBaHHE BEIICCTBA B SAPE MPOUCXOIUT 3a CUET OOIBIION TUHEHHON CKOPOCTH
TPaBUTOHHBIX 1eno4ek B cepax. [ToaTomy korma paamyc cdepsl nocturaet pasmepa 0,7 pepmu,
e€ 3aKpy4yHuBalolas CIOCOOHOCTH OciIa0IsAeTCsl, U BO B3aUMOIEHCTBUU MEX]ly HYKJIOHaMU
HAaYMHAET JICMCTBOBATh KYJIOHOBCKUE CHIIBI OTTAJIKUBAHUS.

S nepHble JIEKTPOHBI U MO3UTPOHBI OTIUYAIOTHCSA OT ATOMHBIX IIOTOMY, YTO SIIEPHBIE
3JIEKTPOHBI U TIO3UTPOHBI MEHBIIIE UX aTOMHBIX COOPATHEB B AECATDH THICSY Pa3.

Ho, HecMoTps Ha TaKkyl0 KOJIOCCATbHYIO PAa3HUILY PayCOB, UMEET MECTO OBITh
3apsiIoBast UIGHTUYHOCTh MEXKIY SIEPHBIMA U aTOMHBIMU 3JIEKTPOHAMHU U MO3UTPOHAMMU.



Bunumo, Toponabl, reHepUpyIoIIKe 3apsiabl TPaBUTOHOB ONpeEeNiseT BeIUUNHY 3apsaaa
SJICKTPOHOB U MO3UTPOHOB BHC 3aBUCHUMOCTHU OT PaANyCOB I'PAaBUTOHOB.

7. 4. He n3iryyaommii JHepruio 3JIeKTPOH

B KOHCTpYKLIMM 371€KTpOHA U MO3UTPOHA, IPUTSIHYTHIE K TOPOUAY dPUPHbIE TPABUTOHBI
(kénThie), 00pa3yIOT SJEKTPHUECKYIO COCTABISIONIYIO 3apsiia. A TPaBHUTOHBI, HAXOSAIIAECS
BHYTPHU TOPOUJIOB, CBOUMU MOJIOCAMU MPUCOEIUHSAET d3PUPHbIE TPABUTOHBI (KpacHbIE), KOTOPhIE
00pa3yrT MArHUTHYIO COCTABIISIOIIYIO 3apsi/ia.

Takum o0pa3om, 371eKTpoH 3T0 Ha 90% sBIIIE€TCS MAarHUTHBIM MOHOIIOJIEM CEBEPHOTO
IoJIr0Ca, a MO3UTPOH — MArHUTHBIM MOHOITOJIEM FOKHOT'O ITOJIFOCA.

Creunuyecku 3JIeKTPUUECKHUX 3apsAA0B B IPUPOJIE HE CYIIIECTBYET.

DNEKTPOHBI, BPAIIAIOIIHNECs BOKPYT sIpa, MO 3aKOHAM JIEKTPOJUHAMUKHU 00sS3aHbI
U3ITy4aTh SHEPTHIO.

3arazka He M3JIYYa0Iero YHEPTHUIO AIEKTPOHA OOBSICHSIETCS TEM 00CTOSTEIHCTBOM, UTO
BpalLlaoIUecs: BOKPYT s/ipa TPaBUTOHHBIE chepbl UMEIOT YOBIBAIOIIYIO OT sIipa CKOPOCTh
BpaieHus. M moaTomy, CHU3Y U CBepXY OT c(hephl, IO KOTOPOI IBHIKETCS dIIEKTPOH,
BpaiarTcs chepbl, CKOPOCTh KOTOPBIX OTJIMYAETCSI OT CKOPOCTH BpAILEHUS «3JIEKTPOHHO
cdepsl.

A Tak KaKk MarHWTHasi COCTABJISIIOIIASI AJIEKTPOHA (OPMUPYETCS MEPIIECHANKYIIPHO
BEKTOPY JABMKEHHUS 3apsia, TO €CTh IPaBUTOHBI IPUCOEAUHSETCS K SJIEKTPOHY CHU3Y U CBEPXY —
TO MOHATHO, YTO IPABUTOHBI C HIDKHUX M BEPXHUX I'PAaBUTOHHBIX c(hep HE MOTYT OBITh
MPUCOEANHEHBI, 10 MPUYHHE PACCOTIIACOBAHHOCTU CKOPOCTEH UX BPALIEHUS C «3JIEKTPOHHOIN
cepoid.

3/1ech HY’)KHO UMETh B BUJTY, UYTO TPABUTOHBI B ATOME UMEIOT MOJISIPU3ALINIO FOT-CEBED,
110 HAPABJICHUIO K LIEHTPY BpallleHud sijipa atoma. M 3JeKTpoH, Bpalasch BOKPYT sApa, B
CBOEM JIBUKEHUH OT TPAaBUTOHA K TPABUTOHY COXPAHSET CBOIO IOT-CEBEP MOJIIPU3ALIUIO, T1I€ BEPX
y 2JIEKTPOHA CEBEP, @ HU3 — IOT.

['paBUTOHBI K€ IBYKYITUECS PSAIAOM C AJIEKTPOHOM B OJHOM M TOH ke cdepe
MOJIIPU3YIOTCSI 110 HAPABIEHUIO OT IIEHTPA 3apsia, U 00pa3yloT AIEKTPUUECKYIO
COCTaBJISIIOLIYIO 3JIEKTPOHA.

DNEeKTPOMarHuTHAs BOJIHA B aTOME POXKAAETCs, KOT/1a TPAaBUTOH, 00Ia1al0IInii 3apsSaoM
3JIEKTPOHA, MOKKUJAET IPaBUTOHHYIO chepy U ImpeBpaliaeTcs B CBOOOHBIN JIEKTPOH.

CB0OOIHBII AJIEKTPOH MEePECcEeKaeT CUIIOBbIC TMHUU TPABUTALIMOHHBIX TTOJICH, —
COCTOSIIIIMX U3 MAarHUTHBIX AMUIOJEH, — U IO X0y CBOETO JIBU)KEHUS MOMAAeT B U3MEHSIIOIIee
CBOIO HAMNPSHKEHHOCTh MAarHUTHOE T10JIE CO CMEHOM MOJIFOCOB, TJ€ U POXKAAIOTCS AIEKTPOHBI U
MO3UTPOHBI ANEKTPOMArHUTHON BOJIHBI.

CH10BBIE JINHUHA IpaBUTAlITUOHHOTO ITOJIsI aTOMAa HUYEM HE OTJIIMYAIOTCA OT CUJIOBBIX
JUHUN TPaBUTAIMOHHOTO MO 3emiid. Y moToMy CBOOOTHBIN 3JIEKTPOH IIPH MEPEeCceUCHUN
CHJIOBBIX JIUHUHU rpaBUTAIITUOHHOTO ITOJIA 3emiu HU3TYy4acT 3JICKTPOMAroHuTHYIO BOJIHY, TOUHO TakK
e, KaK ¥ MPpU NepecedeHUH CUIIOBBIX JTUHUM IPaBUTALIMOHHOTO IMOJIS JIOOBIX aTOMOB.

7.5. ®opMupoOBaHUE MOJIEKY.JI.

BaneutHrsle cBA3U MCKAY XUMHUYCCKUMU 3JICMCHTAMU OMPCACIIAOTCA 3JICKTPHICCKUMUA
3apsaamMu. Y mpoucxoaut 3To 3a CYET TOTO, YTO B CTPOEHUE aTOMa UMEET MECTO OBITh 3apsAA0Bas
HCYPAaBHOBCIICHHOCTL, KOTOPAasA MO3BOJISICT aTOMaM, COCAUHATCS B MOJICKYJIBI.

HeypaBHOBeIIEHHOCTH 3aKII0YaeTCs B TOM, YTO BOJIM3U HAIIOMUHAIOUIEH KOJIBIO
o0JacTu, T1ie AJIEKTPOHBI BPALIAIOTCS BOKPYT sIJIpa, KOTOPOE CHHXPOHHO BPAIIAIOTCS BMECTE C
3JIEKTPOHAMHU, TOCTIOACTBYET OTPULIATENbHBIN OTEHIUAL.

A TepneHIuKYISPHO MIIOCKOCTH BPAILIeHUs KOJIbLIa HAXOAATCS JIBE 00JIacTH, Te
MPEUMYILECTBEHHO JEUCTBYET UCXOISIINI OT SiApa MOJ0KUTEIbHBINA MOTEHIIMAN. JTa Pa3HOCTh
MOTCHIUAJIOB U ONIPCACIIACT MPUTKCHUC 3JICKTPOHOB OJHUX ATOMOB K sgApaM APYrux aroMOB.



Hanpumep, B MoJiekyiie BOJOpOAa IBa aTOMa COCIMHEHBI IBYMSI JIEKTPOHAMU, KOTOPbIE
MOKHUAIOT T€JIa CBOMX aTOMOB U PACIIONaraloTcsl MEX/y 3TUX TeJl B MoJie 3()UPHBIX TPAaBUTOHOB.
Bpamienue B mosie 3pUpHBIX TPABUTOHOB JIBYX AJIEKTPOHOB, MEPICHIANKYISIPHO MPSIMOA,
COEUHSIONIEH sipa aTOMOB, 00Pa3yIOT KOJbIIO, KOTOPOE SIAPAMU aTOMOB MPUTATHBAIOTCSI.

B ciyuae, korma, HanpuMep, MOJIEKYJia KUCIOPOa 00pa3yloTCs MOCPEACTBOM ABYX Map
3JIEKTPOHOB, KOHCTPYKLIHSI MOJIEKYJIBI UMEET J1BA AJIEKTPOHHBIX Koublla. M1 B 3TOM ciyyae,
HNPUTSKEHUE SAPAMHU ATOMOB AJIEKTPOHHBIX KOJIEL] CYMMHUPYETCSI C OTTAIKUBAaHUEM KOJIeI] IPYT
OT JIpyra.

Ecnu xe, Hanpumep, MOJIEKyJia a30Ta 00pa3yeTcs MOCPECTBOM TPEX Map JIEKTPOHOB,
TO KOHCTPYKIIUS MOJIEKYJIBI UMEET TPU JEKTPOHHBIX KOJIbIIA, OCYIIECTBIISIIOIIUX CAMYIO
CUJIbHYIO MOJIEKYJIIPHYIO CBSI3b B aTOMax.

Mounekyiibl BEHIECTB €CTh CUCTEMA, HAXOAAIIAsACS B TMHAMUYECKOM PaBHOBECHUH, II€
MPUTSKEHUIO 3JIEKTPOHOB sS,IpaMU aTOMOB MPOTUBOJEHCTBYET OTTATKMBAHUE BCTPEYHO
MOJIIPU30BaHHBIX sIIPAaMH aTOMOB I'PAaBUTOHOB, 00Pa3yIOLIUX MOrPaHUYHbIE 00JIACTH TEJ
COCIMHSIOLIUXCSl aTOMOB.

Kcraru, B 1922 rony memenkue pusuxu O. [lItepr u B. I'epiax mocTaBuiIM OMBIT, HEIbIO
KOTOPOTO OBLITO H3MEPEHNE MAarHUTHBIX MOMEHTOB aTOMOB cepedpa.

Ham uHTEpeceH 3TOT ONBIT TEM, YTO aTOMBI cepedpa, B 3TOM OIIbITE
MPOJIEMOHCTPUPOBAIIU TPABUTAIIMOHHO-TIOJISIPHYIO MOJIENIb aTOMa. A UMEHHO,
MPOJEMOHCTPUPOBAIIH, YTO OJJHA 00JIACTh aTOMa UMEET MOJIOKHUTENbHBIN MOTEHIINAN, KOTOPbII
OMpEeIEAETC MAarHUTHBIM MOHOIIOJIEM F0XKHOTO T0JII0ca, a Apyras — OTpUIaTeIbHbIN
MOTEHIM AN, KOTOPBIA ONPENEAETCS MAarHUTHBIM MOHOIIOJIEM CEBEPHOTO MOJIOCA.

Takum o6pazom, nmocraBneHHblid O.1Teprom u B.I'epnaxoM onbIT, MOATBEPKAALT, UTO
aTOMBbI UMEIOT TPABUTALIMOHHO-TIOJIIPHYIO MOJIEIIb.

7.5. YHHBepCaJIbHbIN KUPIHYUK CTPOUTENbCTBA A/leP ATOMOB

Bpamenue sigpa atoMa reHepupyeT TaKkyro IJIOTHOCTh BEIIECTBA, YTO B SAPE ACUTEPHS
MIPOTOH U HEUTPOH OKA3BIBAIOTCS MJIOTHO MPHXKATBIMU IPYT K APYTY, YTO MO3BOJIAET MPOTOHY
3aXBaTbIBATh JIEKTPOH Y HEUTPOHA.

Tak poxaaercst reHepaTop B3aUMOINPEBPAIIEHUNA «ITPOTOH — HEUTPOHY, KOTOPBII
00pa3yeT yCTOMUMBYIO CTPYKTYPY, IPEBPATUBLIYIO SAPO JEUTEpHs B YHUBEPCATbHBIN KUPITUUUK
CTPOUTEIIBCTBA BCEX fAJI€P aTOMOB.

Bce ocranbHble XUMHYECKHUE 3JIEMEHTHI TOJIYHYat0TCs TOCPEICTBOM 3axBaTa siiep
JIEUTEpHsl, T1I€ AICPHON BAJICHTHOM CBSI3bI0 MEXKIY ABYMS sIApAMU JEUTEpHUs SIBISETCS CBIA3Ka U3
JIBYX IPOTOHHO-HEUTPOHHBIX Tap, MPEBPATUBIIAS 3Ty MApy B anb(ha-4acTuiry.

7.6. 'mnore3a Anekcangpa Cenaca

Hexkro Anekcanap Cenac npenjaraet runoTe3y, KOTOPYIO OH Ha3BaJI MOJISPHON MOJETBIO
aToma, IJie 3JIEKTPOHBI, BpAILIAIOIIUECs] BOKPYT SApa, pacpeeNIeHbl 0 IBYM MOJI0caM,
PaCTATHUBAIOIINM PO aTOMa B IPOTUBOIOJIOXKHBIX HaNpaBiIeHUIX. A caMo sSApo, 00pa3oBaHHOE
MIPOTOHHO-HEUTPOHHBIMH ITAPaMU, PACTITUBAEMOE KYJTOHOBCKIUMHE CHIIAMH, TIPEACTABISET COOOU
CUTapooOpa3HbIil OCTOB C MPUMBIKAIOIIMMH K HEMY OOKOBBIMU BETBSIMH.

[IpuBnekaTenbHOCTh 3TOM TUIIOTE3I 3aKIIOYAETCS, PEXKIE BCErO, B TOM, UTO IPOTOH-
HEHTPOHHBIE APl HE CBAJICHBI B OJIHY Ky4y, a MPEJCTABIIAIOT COO0H YIOPSIIOUHYIO CTPYKTYPY,
r7ie, Cleays JToTuke Tabnuilkl MeHeneeBa, mpoTOH-HEHTPOHHBIE TTAphI MTOCIEI0BATENILHO, OHA
3a Jpyroi, MPUCOETUHSIOTCSA K OCTOBY U OOKOBBIM BETBSIM.

[To 3T0ii runore3e OOMBITMHCTBO ATOMOB UMEET (POPMY DILTUTICOUTHOU CHEepHlI.

I'unoresza Anekcanapa Cenaca 1aeT BO3MOXXHOCTb MOHATh 3aKOHOMEPHOCTb,
HAOJI0TAEMYIO B OMBITE: OCKOJIKH sIJIpa aToMa IMpH JCJICHUH, HE3aBUCHMO OT PAa3IMYUil KX MacC
Y SHEPIuM, pasiieTaroTcs ctporo noa yriiom 180 rpaaycos.

Jlenenue siipa MPOUCXOAUT MEPBOHAYAIBHO MO/ IEUCTBUEM KYJIOHOBCKOTO
pacTArMBaHUS SAPa HAXOIAIIMMHUCS Ha MOJ0CAX IEKTPOHAMHU. 3aTEM, KOT1a OCKOJIKA HAYHYT
(dbopMUPOBATH HOBBIN ATOM, YaCTh AJIEKTPOHOB C TIOJIIOCOB MEPECKOYUT HA (POPMUPYIOLTUECS



MOJIF0CA, KOTOPBIE OYAYT OTTATKUBATHCS APYT OT APYTa, TCHEPUPYST KHHETUIECKYIO SHEPTHUIO
pa3IeTAIOIMMCST OCKOJIKAM.

[Tonspuas moaens aroma Anekcanapa Cernaca Mokas3bplBaeT, Kak JBa 3JEKTPOHHBIX
TMIOJTIOCA, PACTATHUBAIONINX aTOM B IIPOTUBOIIOJIOKHBIX HAIIPABICHUSIX, IPH YBEITUICHUU
KOJIMYECTBA PACTATHBAIOIINX AJICKTPOHOB, TIOBBIIIAET CIOCOOHOCTH aTOMOB CAMOIIPOU3BOILHO
pacrmangarbes.

8. DJIeKTPOHHO-NIO3UTPOHHBIH TOK
8.1. Pe3tome

Hosas konyenyus snexmpuyecmea Heodxoouma, npejicoe 6ce2o, NOmomy, 4mo 6
COBPEMEHHOU KOHYENYUlU d1eKmMpudecmed mokKomM npo8oOUMOCHU NPUHAMO CHUMAMb
08UdICEHUE CB0OOOHDIX IIEKMPOHOB NPU HENOOBUICHBIX uoHax. Tocoa Kak, ewé 0secmu iem
momy Hazao Papaodell 6 c60EM onvime, — KOMOPHLU MOIHCEM NOBMOPUMDb OO0 WKOTbHUK, —
NOKA3A, YMO MOK NPOSOOUMOCHU IO OBUICEHUE, KAK OMPUYAMETbHBIX, MAK U
HOLOANCUMENLHBIX 3APAO08.

Kpome moeo, cospemennasn konyenyus s1eKkmpuyecmed e CnocooHa 00bsaCHUMD,
Hanpumep: Kakum o6pazom d1eKmpudeckuii moxK 2eHepupyem MacHemu3m, KaK
0OCYUIecmesemcs C6epXnpo8oOUMOCHb, KAK OCYUWeCMEIISencsl 8bINpAMIeHUe MOKA, U M.O.

Hosas konyenyus snekmpuyecmea 00a4CHA HAYUHAMbCA C OCO3HAHUS MO20, YO d¢hup
ABNAEMCSA He MOAbKO CPedoli pacnpoCmpanenus céemad, Ho U cpeooll, 8 KOMopoli
PACNPOCMPAHAIOMCS NPUPOOHDBLE U UCKYCCMBEHHbLE DNeKMPUYecKue moku.

DeKmpOHHO-NO3UMPOHHBI MOK PACNPOCMPAHAENCIL HE 8 CAMOM NPOBOOHUKE, d 8
OKPYHCAEMOM NPOBOOHUK dUpe, NOMOMY-MO IMOM MOK 00 CUX NOP HUKEM He Oblll 0OHAPYICEH,
U 30 MOK NPOBOOUMOCIIU NPUHATU OBUNCEHUE, MAK HA3bIBAEMBIX, CBOO0OHBIX 2IEKMPOHOB.

DneKmpOoHHO-NO3UMPOHHBI MOK PACNPOCMPAHAENICA CO CKOPOCMbIO C8emd, NOMOMY-MO
INEKMPOH-NOZUMPOHHBII NEPEMEHHDIL MOK, NOKPLLEAsl PACCIOSIHUE 8 MbLCAYU KULOMEMPOB,
ycnesaem npoumu om UCMOYHUKA 00 nompebumeins (00HY HOLYBOIHY) 3d OOHY COMYIO 000
cexynowl (50 eepy). Toeoa kak ckopocmv 08UNCEHUSL CBOOOOHBIX INIEKMPOHOB COCMABIAEem mpu
canmumempa 6 ceKyHoy.

Ipuuunou sneKmpuiecKko20 ConpoOmusieHus 31eKmpoHHO-NO3UMPOHHO20 MOKA
A€M mom gakm, umo c00600HbIE INEKMPOHbL, NPUMALUBAACH K NOSUMPOHHOMY HOMOKY,
MOPMO3M €20 08UICEHUE.

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

8.2. DylekTpoMarHuTHasi MHAYKIUS

JBectu et Tomy Hazan Papajield MOCTaBUI OMBIT, TIAE JEMOHCTPUPYETCS MOTyYEHUE
TOKa B TaJIbBAHOMETPE MPH JABIKCHUN MarHUTa B KaTyIIKEe WHIYKTUBHOCTH.

CeromHsi, OCMBICIISISI TOT OIIBIT, TIPUXOAUTCS JIENIaTh BBIBOJI: COBPEMEHHAsSI TEOPHS TOKA
MPOBOJAMMOCTH OITMO0YHA TOTOMY, YTO OCHOBOM 3TOU TEOPUU SBISETCS IBHIKEHUE CBOOOTHBIX
AJIEKTPOHOB MPH HEMOIBM)KHBIX TTOJI0KHUTEIBHBIX 3apsax.

Omnpit xe Dapanes AECMOHCTPUPYET JBUKCHHE, KaK OTPHUIIATEIbHBIX, TaK U
MIOJIOKHUTEITHHBIX 3aPsIIOB.

A Tak Kak B POBOJIHUKE, KPOME MTOJIBIKHBIX AJIEKTPOHOB U HETIOJIBUKHBIX HOHOB,
JPYTUX 3apsioB HET, TO CIEAYeT caenarh BeiBo: Dapajieii IBECTH JIeT TOMY Ha3a/l MOTydHll, B
KaueCTBE TOKa MIPOBOAMMOCTH, SJICKTPOHHO-TTO3UTPOHHBIN TOK, PACTIPOCTPAHSIONINICS B d3Qupe
BOKPYT TIPOBOTHHKOB.

U TOT M3BEeCTHBIN (aKT, YTO CHIIOBBIC TMHUHA MAarHUTHOTO TIOJIS, TEHEPUPYEMOE TOKOM
MIPOBOJAMMOCTH, PACIIPOCTPAHSIETCS HMEHHO BOKPYT MPOBOTHUKOB, SIBISICTCS KOCBEHHBIM
MOJTBEPKICHUEM TOTO, YTO JIIEKTPOHHBIC U MIO3UTPOHHBIC 3apsi/Ibl, TCHEPHPYIOIITHEC
AIIEKTPUYECKYIO U MATHUTHYIO COCTABIISIONINE, TAKXKE PACIPOCTPAHSIIOTCS BOKPYT MPOBOTHUKOB.



Bcest maTepust cOCTOMT U3 TPAaBUTOHOB U OKPYKEHA UMM, BKJIFOUYasl POBOIHHUK.

DneKTpoMarHuTHasi UHIYKIUS 3TO MPEBpaAIEHUE OKPY>KAIOIIUX TPOBOIHUK TPABUTOHOB
B AJIEKTPOHBI U TO3UTPOHBI, KOTOPast OCYIIECTBIIAECTCS OCPEACTBOM MEPECEUEHUS] IPOBOAHUKOM
CUJIOBBIX JIMHUM MAarHUTHOTO TOJIS1 ¢ YMEHBIIAKOMIEHCS WIN YBETUYUBAOLIEHCS MATHUTHOM
WHIYKIUEH.

YacTb OKpyxarolux IPOBOJHUK TPAaBUTOHOB, IBUTAsCh B MATHUTHOM I10JI€ U IepeceKast
€ro CHJIOBBIE JIMHHUH, IPHOOPETAIOT JIEKTPOHHBIE — a IIPU CMEHE MOJII0Ca MarHuTa —
MO3UTPOHHBIE 3aPSIIbI.

8.3. DJIeKTpPOH ¥ MO3UTPOH

UccnegoBanue KaToaHBIX JTy4el, KOTOPBIE €CTh MOTOK JIEKTPOHOB, MOKA3bIBAET, UTO
Jy4, IPOXOJIsl MEKLY TOPU30HTAIBHO PACIOJIOKEHHBIMU 3aPSKEHHBIMU UIACTUHAMM,
MPUTATUBAETCS K MOJOKUTEIBHO 3apSKEHHOM MIIacTUHE. A, TPOXO/sI MEX]Y BEPTHKAIBLHO
PAaCIIOIOKEHHBIMU TIOJIFOCAMHU MarHMTa, JIyd CMEIAETCsl BI€BO, WM, €CIIU MOJIFOCA IOMEHSTh
MeCTaMu, BIIPaBo.

[ToToK MO3UTPOHOB BEIET ce€0s1 TOYHO TaK)Ke, TOJIBKO HA00OPOT.

Ortcrona ciaenyeT BIBOA: 3JIEKTPOHHO-TIO3UTPOHHBIHN TOK, TaK K€ KaK 3JEKTPOMarHuTHas
BOJIHA, TEHEPUPYET BEKTOP MarHUTHOM UHAYKIIMH, HAPABJICHHBIN NEPIEHANKYIIIPHO
JBUKEHUIO TOKA.

[IpuTsikeHne MeKTPOHA K MOJ0KHUTENIBHO 3apsSKEHHOH TUIACTHHE, a TO3UTPOHA K
OTPHUIATENIEHON OOBSICHIETCS KOHCTPYKIIUEH 3apsiioB.

[To Hameit runotese 3MEKTpUUECKUE 3apsSAbl pacpOCTpaHsIeTCsa He caMH 1o cele, a
MOCPEJICTBOM I'PABUTOHOB.

['paBUTOH - 3TO MarHUTHBINA JUMOJb, U €r0 3apsia 00pazyeTcs MOCPEICTBOM Iosica B
Buje Topa (Topousa). Ock BpallleHUs TOpa MPOXOAUT Yepe3 MOF0ca TUTIONS, U HapyKHAas 4acTh
€ro 000JI0YKH BPAIIAIOTCs, JIMOO OT CEBEPHOTO TOJIFOCA IUTIONS K FOKHOMY TOJIFOCY, JTHO0
HA000POT, FTeHEPHPYs CBOMM BpallleHHEM, THOO CEBEPHBIH MOJII0OC MarHuTa (3JEKTPOH), TH00
IO’KHBIN TTOJTFOC (TMTO3UTPOH). Torma Kak MpOTHBOIIOIOKHBIE TIOJII0Ca TEHEPUPYIOTCSI BHYTPEHHEH
YacThIO TOPA.

Oxpy>katoniye 3aps/ibl 3QUpHbIE TPAaBUTOHBI, IPUTSHYTHIE K TOPOUAY, 00pa3yroT
ANEKTPUUECKYIO COCTABIISIIOLLYIO 3apsija.

A TpaBUTOHBI, HAXOAAIIMECS BHYTPH TOPOUAOB, CBOMMH IIOJIFOCAMHU IPUCOEAUHSET
a¢upHBIE TPABUTOHBI, KOTOPhIE 00Pa3yIOT MAarHUTHYIO COCTAaBJISIFOIIYIO 3aps/a.

Takum o0pa3om, 371eKTpoH 3T0 Ha 90% sBIII€TCS MAarHUTHBIM MOHOIIOJIEM CEBEPHOTO
MOJIOCA, a IO3UTPOH — MATHUTHBIM MOHOIIOJIEM 0KHOTO TOJIIOCA.

Kax b1t 3apsg renepupyet 10% MarHUTHOW MHIYKIUHA TPOTHUBOIOJIOKHOIO MTOIOCA.

DNeKTpUYECKOe B3aUMOICUCTBUE OTINYAETCS OT MATHUTHOTO TE€M, YTO MarHUTHOE
B3aUMO/ICVICTBUE ONPEEIAETCS TPAaBUTOHAMH, UMEIOIIMMU JBa MOJIFOCa MarHuTa. A
AIEKTPUUECKOE B3aUMOJICHCTBUE ONPEAEIsAeTCA IBYMS 3apsilaMH, KOTOPbIE BO B3aUMOICCTBUU
HCITOJIB3YIOT OJIMH IOJI0C MarHUTAa: AJIEKTPOH - CEBEPHBIN MOJIOC, TO3UTPOH - FOKHBIN MOJIIOC.

Takum oOpazom, cierupUIecKr ISKTPHUSCKUX 3apSIOB B IPUPOJIE HE CYIIECTBYET.

8.4. [IpocTpancTBeHHasi KOH(UTYpPaIUS 3aPSA0B

Korna na npoBogHuk noga€rcsi pa3sHOCTh MOTEHIIMAJIOB, TPOBOIHUK 1O BCEU €ro IITUHE
3JIEKTPU3YETCS, TO €CTh TPAaBUTOHBI BOKPYT MPOBOJHHUKA MIPEBPAILAOTCS B 3JIEKTPOHBI NN
MO3UTPOHBI U HAYMHAET T€Ub 3JIEKTPOHHO-TIO3UTPOHHBIN TOK.

[Ipnuém, pa3HOCTH PIEKTPUUYECKUX TOTEHIIUAIOB MOISPHU3YET SJIEKTPOHBI U TO3UTPOHBI
TaK, 4YTO 3apsAbl FTEHEPUPYIOT BEKTOP MarHUTHON UHAYKIIMHU, HE TOJIbKO NEPHEHAUKYIISIPHO
BEKTOPY JIBM>KEHMS TOKA, HO U MMAapaJUIEIbHO JIMHUH, PUCYIOIIEN CEUeHHE MPOBOIHMKA.



[ToaTOMy, IpH IBMKEHUM TOKA, NEPHEHAUKYISIP BEKTOPA MArHUTHOM MHAYKLIUU 3aps10B
IIpEBpallacTCs B OKPYXKAIOLIUE POBOIHUK CIIMPAIEBUHBIE CUIIOBbIE TMHUU MarHUTHOTO I10JIA,
a HaIlpaBJICHHE PACIPOCTPAHEHUs TOKa (HalpaBJIEHUE PaclpOCTPAHEHMs 3apsiI0B) POXKIALT
npaBuiIo OypaBUHKa, O KOTOPOMY MOYKHO OTIPENIEIUTh HAlpaBJIEHUE PACIPOCTPAHEHUS TOKA.

8.5. BzaumoaeiictBue cBOOOIHBIX 3aps/10B

[TpoctpancTBeHHast KOH(PUTYpAIUsS CBOOOAHBIX 3aps/I0B, OKa3aBIINMCS B 30HE
B3aMMOJCHCTBHS IPYr Ipyra, XapaKTepU3yeTcs TEM, YTO MATHUTHAs COCTAaBJISAIONIAs UX 3apsioB
(rpaBUTOHBI, 00PA3YIOIINE MAarHUTHYIO COCTABIISIONIYIO) PAaCIPOCTPAHSIOTCS NEPIICHANKYIISIPHO
IUIOCKOCTH MX B3aUMOJEHUCTBUSA. A TpaBUTOHBI, 00pa3yroIue JIEKTPUIECKYIO COCTABIIAIOLIYIO
UX 3apsAJ10B, paCIpOCTPAHSIOTCA BJI0JIb INIOCKOCTH UX B3aUMOJAECUCTBHSI.

JIBa pa3sHOMMEHHBIX 3apsiia 00bEMHEHbl MHOTOUMCICHHBIMY I'PaBUTALIMOHHBIMU
LETIOYKaMU C OJHOHAIIPABIICHHON MAarHUTHOM MOJISpU3alMeld TPaBUTOHOB.

JIBa 0THOMMEHHBIX 3apsAaa 00bEINHEHBI MHOIOUHCIEHHBIMU T'PaBUTALIIOHHBIMHU
[IEMOYKaMH1 C BCTPEUHOM (FoT-ceBep — CeBep-1oT AJIsl SJIEKTPOHOB U CEBEP-IOT — I0Tr-CeBep IS
HO3UTPOHOB) MOJSIPU3ALMEN TPAaBUTOHOB.

ITpruéM, KOJIMYECTBO COEIMHSAIOIINX 3aps/Ibl LIEMIOYEK MPSIMO MPONIOPLHOHAIBHO
BEJIMYMHE 3aps110B U 00PATHO MPONOPLIMOHAIBHO KBAJPaTy PACCTOSHUS MEKAY 3apsJaMH.

Kcratu, TOT axT, 4T0 GopMyIibl 3aKOHA BCEMUPHOTO TAroteHus: HproToHa U 3aKoHa
B3auMoJIeiicTBUA 3apsiioB KynoHa UMEIOT OJJMHAKOBYIO MaTEMAaTHYECKYIO (hOpMY, OOBIACHACTCS
TEM, 4TO 3TU (OPMYJIbI OTPAXKAIOT OJJMHAKOBOE COOTHOLIEHUE MEKIY KOJIUYECTBOM I'PaBUTOHOB,
Y4acTBYIOLIMX BO B3aUMOJACUCTBUU, U CWION, TCHEPUPYEMOU 3TUMU IPABUTOHAMM.

A TaK Kak cuja JIEKTPHUUECKOro B3aUMO/ICHCTBHSI HECPAaBHEHHO OO0JIbLIE
IPaBUTALMOHHOIO, TO U MarHUTHAsl UHAYKLHS IPaBUTOHOB, FEHEPUPYEMBIX AIEKTPUUECKUMHU
3apsiiaMy, HECPaBHEHHO OO0JIblIIE MATHUTHON MHIYKIIMY TPaBUTOHOB, T€HEPUPYEMBIX
IPaBUTHPYIOIIUMHU TEJIAMH.

8.6. ""O0OHaxeHHBbIE" 3apsiAbI

DNEeKTPOHBI U IO3UTPOHBI B "0OHAXKEHHOM'" BHJIE HE CYIIECTBYIOT H00, KaK TOJIBKO y
IPaBUTOHA MOSBIIAETCS 3apsill, TAK CPa3y )K€ 3apsyKEHHBIA IPAaBUTOH OKPYKAETCs
NOJIIPU30BaHHBIMU I'DAaBUTOHAMM.

[ToaTOMY 371€KTPOHBI U IO3UTPOHBI CYLIECTBYIOT TOJIKO B BUJIE KBAHTOB
JNIEKTPOMAarHUTHBIX BOJIH U KBAHTOB JIEKTPOHHO-IIO3UTPOHHOTO TOKA, AK€ €CIIU OHH
HaXOJATCS B COCTOSIHMM TaK Ha3bIBAEMbIX CBOOOIHBIX 3apsi/IOB.

HckimoueHneM SBIIIOTCS 2JIEKTPOHBI, BPAILAIOIIUECS BOKPYT Apa aToMa, KOTOPBIE
TEHEPUPYIOT TOJBKO CBOKO 3JIEKTPUYECKYIO COCTABIISAIOILYIO B OTCYTCTBMM MarHUTHOM
COCTAaBJISIIOIIEH.

8.7. «IlepeBopaunBanme» 3apsiioB

3apspKEeHHbIE TPABUTOHBI (MPAaBUTOHBI, HAXOAALIMECS BHYTPU TOPOUIOB) OTIINYAIOTCS
JpYT OT Jipyra MpOTUBOIIOJIOKHBIM HAallPaBIEHUEM CBOEH MarHUTHOM MOJISIPU3ALAN, OTYETO UX
TOPOMIBI TEHEPUPYIOT IPOTHBOIIOJIOKHBIE MOHOIIOIH.

IIpnuém, 3apsKEeHHBIE TPAaBUTOHBI COXPAHSIOT HAIIPABJICHUE CBOCH MarHUTHOU
HOJISIPU3aLMH, HE3aBUCUMO OT TOT'0, YTO OHU B HEMOJBUKHOM 3(ppe MOryT NpUHUMATh KaKoe
YTOJHO IPOCTPAHCTBEHHOE I10JIOKECHUE.

OnHAaKO OMBITHI TOKA3bIBAIOT, YTO 3aPSKEHHBIE TPABUTOHBI B HEKOTOPBIX MPOLIECCAX
MOTYT MEHATH HaIIPaBJIEHUE CBOEH MAarHUTHOM MOJISIpU3allMK U IPEBPAIATHCA B 3aps]
IIPOTUBOIOJIOKHOTO 3HAKA.

Tak B MCKYCCTBEHHBIX JIEKTPUUECKUX CUCTEMAX C IEPEMEHHBIM HAINPSKEHUEM 3apsiIbl
CHOCOOHBI, MOCPEACTBOM JIBYXIIEPUOIHOTO BBINPSIMIICHUS, MEHATh HAIIPAaBICHUE CBOEH
MarHMTHOH NOJISpU3alMK U IPEBPALIAThCs B 3aps] IPOTHUBOINOIOAKHOTO 3HAKA.



Bunumo, mo3uTpoHHas SMUCCHS TaK)Ke IIPOTEKAET MOCPEICTBOM «IIEPEBOPAYNBAHUS
JIEKTPOHA B IO3UTPOH.

8.8. DuekTprueckne B3aumMoaecTBUA

BeIpaBHUBaIOmMU pa3HOCTh NOTEHIIMAIOB 3JIEKTPUYECKUN TOK BOKPYT IIPOBOJAHUKOB 3TO
JBUKCHHUE JIEKTPOHOB U MO3UTPOHOB, KOTOPOE B LEIAX HATPY3KH OCYILECTBIISAET
IIEKTPUYECKUE B3aUMOICHCTBUSI.

JIBM>KEHHE JIEKTPOHOB € O3UTPOHAMM B LIETIAX HATPY3KU T€HEPUPYET MarHUTHOE TIOJIE,
KOTOpO€ B3aUMOJIEHCTBYsI C MArHUTHBIM II0JIEM CTAaTOpa, IEPEMEILAET POTOP (SIKOPB) IBUraTEs.

OcTaTok 5HEpruu 3JIEeKTPOHOB U MO3UTPOHOB aHHUTHUIIMPYET, HATPEBas ABUTATEb.

B nporiecce aHHUTHITAIIUH JIEKTPOHA C TO3UTPOHOM MTPOUCXOUT NMPeoOpa3oBaHKe
UIEKTPUUECKON (10 CyTH — MAarHUTHOM) SHEPTUU 3apsAA0B B MEXaHUUYECKYIO SHEPTHIO IBYX
I'PaBUTOHOB, KOTOPBIE PETUCTPUPYIOTCS KaK (POTOHBI.

Packanénnas snexTpudeckas KOHPOpPKa €CTh UTOT aHHUTHIISLIMM JIEKTPOHOB €
MO3UTPOHAMH BOKPYT HAarpeBaTeIbHBIX AIEMEHTOB C MOSIBIIEHUEM (DOTOHOB-TPAaBUTOHOB,
TCHEPUPYIOIIUX TEIJIOBYIO SHEPTHIO.

8.9. CBepxnpoBogUMOCTH

[To Hameil runore3e TOKOM MPOBOJIUMOCTH SIBJIIETCS AJIEKTPOHHO-TTO3UTPOHHBIN TOK,
pacnpocTpaHsIOUINiics BOKPYT OKPY>KaIOIIeM IPOBOIHUK dupe.

OCHOBHOH BEIMYNHON IEKTPUYECKOTO COIPOTUBIICHHUS UIsl IPOTEKAHMSI dJIEKTPOHHO-
MO3UTPOHHOTO TOKA SIBJISIETCS MPUTSHKEHUE CBOOOIHBIX AJIEKTPOHOB IPOBOTHUKA K
MO3UTPOHHOMY IOTOKY 3JIEKTPOHHO-ITO3UTPOHHOTO TOKA.

[TpUYMHOM 3JIEKTPUUECKOTO COMPOTUBIICHUS ABIISIETCS TOT (PAKT, YTO SJIEKTPOHHO-
HO3UTPOHHBIN TOK PACIPOCTPAHSIETCS B 3(pUpe CO CKOPOCTHIO CBETA, & CKOPOCTh CBOOOJHBIX
3JIEKTPOHOB, KaK MOKA3bIBAIOT OIBITHI, PaBHA TPEM CAHTHUMETPOB B ceKyHAy. U, Takum oOpazom,
CBOOOIHBIE 3JIEKTPOHBI, IPUTATHBASICH K TO3UTPOHHOMY ITOTOKY, TOPMO3ST JABH)KEHUE
JIEKTPOHHO-TIO3UTPOHHOI'O TOKA.

B cBepxnpoBOJHMKE NTPU CBEPXHU3KUX TEMIIEpaTypax, Kak OblJIO 3aMEUEHO B
HKCIIEPUMEHTAX, UCUE3aI0T CBOOOIHBIE 3JIEKTPOHBI, KOTOPbIE "MPUMOPaKUBAIOTCS" K aToMaM,
YTO U ONPEAEIAET NUCUE3HOBEHUE DIIEKTPUIECKOIO CONPOTUBIICHUS U1 IPOTEKAHUS DIICKTPOH-
MO3UTPOHHOIO TOKA.

ITpu noCTOSIHHOM TOKE UCTOYHMKA, B IPOBOJHUKE UMEET MECTO CKauKooOpa3Hoe
VICUE3HOBEHHE IEKTPUUYECKOTO CONPOTUBIIEHUSI BCIEACTBUE OTHOBPEMEHHOIO
"mpUMopakuBaHus" SJIEKTPOHOB K aTOMaM.

[Ipu nepeMeHHOM TOKE UCTOYHHUKA, DJIEKTPOHHO-IIO3UTPOHHBIN TOK, KOTOPBIX
pacnpocTpaHsAeTCs CO CKOPOCThIO CBETA, COOOLIAeT CBOOOIHBIM AJIEKTPOHAM BO3BPAaTHO-
HOCTyMaTeNbHbIE KOJICOaHus, IPETATCTBYIONINE UM «ITPUMOPAKUBATHCS» K aTOMaM.
Bcnencteue yero npouecc NCYE3HOBEHMS dJICKTPUUECKOTO CONTPOTUBIICHUS MTOIY4acT
PETYJIHUPOBKY.

8.10. Cto JeT cBepXnpoOBOAMMOCTH
K 100-neTHUMY 100MJI€I0 CBEPXIIPOBOAUMOCTH POCCUNCKUI yueHblid DeTIoK1H
Bennamuu KOHCTaHTHHOBUY YCOMHHMIICS B TOM, YTO TAKOE SIBJICHUE CYILIECTBYET.

OH numIer: «ucxoas u3 o0IIeHAYYHBIX, MUPOBO33PEHUYECKUX MOJIOKEHUH U PAKTUKHU O
TOM, YTO BCAKOMY JAEHCTBUIO €CTh IPOTUBOACHCTBHUE U IIOOOMY IBUKEHHUIO €CTh
COIIPOTUBIIEHUE, MOXKHO yTBEPXKATh, YTO ABHIKEHUIO U JIEKTPUUYECKOTO TOKA BAOJb
IIPOBOJIHHKA JIOJDKHO OBITh conpoTuBiieHHe. [109TOMy Tak Ha3bIBaeMOM «CBEPXIIPOBOIUMOCTI
AIIEKTPUYIECKOTO TOKA HET, U HE MOXKET OBITHY (12).

HyxHO oTAaTh 1OMKHOE MY’KECTBY 9TOTO HACTOSILIETO YYEHOTO, KOTOPBIN OCTAJICs BEPEH
TEOPHH, ¥ HE TI000SIICSI OPOCUTH BBI30B OOJIBIIMHCTBY YUEHBIX, U 1aXKe CaMO MPaKTHKE.



Uccnenopanue ®@enroknaa Bennamraa KoHcTaHTHHOBHYA 000TATHIIN TEOPHUIO, TTOABEIS
HAyKy K HEOOXOJIMMOCTH CJIeNIaTh OTKPBITHE JIEKTPOHHO-TTO3UTPOHHOTO TOKA: «TOK
IIEKTPUYECKOM SHEPTUU HE €CTh ABMKEHHE AIEKTPOHOB, IEPEHOCUUKAMHU 3JIEKTPUUYECTBA
SIBJIAETCS HAIIPSDKEHHOE DJIEKTPOMArHUTHOE II0JIE, PaCIPOCTPaHAIOIeSCS HE BHYTPH, a B
OCHOBHOM BHE TIpoBOHUKA» (12).

8.11. DeKTpOMarHuTHas1 BOJIHA

DeKTPOMarHUTHHIE BOJIHBI ATO BOJIHBI, (POPMUpYIOIIHMECS AIEKTPOHHBIMU U
MO3UTPOHHBIMU 3aps1aMH.

HezaBucumMo OT AJIMHBI BOJIHBI IOTYBOJIHBI 00pa30BaHbl OTHOMMEHHBIMU 3apsiIaMHU.

Kaxxapiii 3apsii okpy»KEH TpaBUTOHAMU, KOTOPBIE 3apsIaMU MOJIIPU3YIOTCSL.

[TpruéM, MarHUTHYIO COCTABIISIFOIIYIO AJIEKTPOMArHUTHOM BOJIHBI 00Pa3ylOT IPAaBUTOHBI,
KOTOPBIE MOJIIPUIYIOTCS TEPIICHANKYISIPHO HATIPABICHUIO PACIPOCTPAHEHHTIO
3JIEKTPOMArHUTHOM BOJHBI. A OCTaJIbHBIE TPABUTOHBI 00Pa3yIOT 3JIEKTPUUECKUI MOTEHIHAI
3apsaa.

To ecTh 3apsiibl SEKTPOMArHUTHBIX BOJH U 3apsAbl AJIEKTPOHHO-TIO3UTPOHHOT'O TOKA 3TO
OIHHU U TC KC 3apAaaAbl — SJICKTPOHBI U TO3UTPOHEIL.

DEeKTPOHBI U TO3UTPOHBI, TEHEPUPYSI MPOTUBOIIOJIOKHBIE 3HAKU CBOUX 3apsI0B,
TEHEPUPYIOT TAaKKE€ MPOTUBOIIOIOKHBIE (BCTPEUHBIE APYT K APYTY) BEKTOPHI CBOETO IBUKEHUS B
MIPOCTPAHCTBE.

DNEeKTPOMarHUTHAs BOJIHA PAcTIpOCTPaHIETCs B d(prpe MOCpeICTBOM Mepeadu 3apsiaa
3JIEKTPOHOB U MO3UTPOHOB OT OJJHUX IPABUTOHOB COCEIHUM.

Taxum 00pa3oM, MPaKTHUECKU TOKOSIIUECS B 3(UpPe TPABUTOHBI, TPOXOIS MOTHBIN
IUKJT BO30YX/1eHU (IIUKJIBI 3JIEKTPOHOB U IIUKJIBI TO3UTPOHOB), IEPEAIOT SHEPTUIO
SHCKTpOMaFHHTHOﬁ BOJIHBI B ITPOCTPAHCTBE.

DneKTpOMarHuTHas BOJIHA, JOCTUTasi TPAaBUTOHOB, HAXOIALINXCS BOKPYT MPUEMHOM
AQHTEHHBI, IepeAacT el CBOU 3apsi/bl, TEHEPUPYS B aHTEHHE AIEKTPOHHO-NI03UTpoHHYI0 D/IC.

DEKTPOHBI C MO3UTPOHAMHU 3JIEKTPOMArHUTHBIX BOJIH, H3ny4yaemble CONHIIEM,
CTAJIKMBAsICh C aTOMaMH M MOJICKYJIaMH Ta30B aTMOC(hEpBI, C 3MHOM MTOBEPXHOCTHIO, C
Pa3IUYHBIMU 00BEKTaMH, — IIOCPEICTBOM aHHUTHIIALIUY POXKAAIOT XaOTUYHO JABUTAIOIIKECS
CBCTOBBIC FpaBI/ITOHBI-(bOTOHBI, KOTOPELIC, Ionagas B MCXaHHU3M 3pCHUA YCJIOBCKA, PUCYIOT HAM
HAaIll MHUP.

8.12. ®oTo3pdexT

DeKTPOMarHUTHHIE BOJHBI, JOCTUTasi TPAaBUTOHOB, HAXOSAIINXCS Ha TOBEPXHOCTH
karoja B kosbe CroneroBa A.l'., mepenaloT UM CBOH 3apsi/Ibl, KOTOPBIC OTPAXKAIOTCS OT
MOBEPXHOCTHU KaTona. 1 ajexkTpoHbl Mo JeiiCTBUEM Pa3HOCTH IEKTPUUECKUX MOTEHINAIOB
JBUXKYTCS K QHOTTY.

Kcraru, ecnu B onbite CTOJ€TOBa XMMHUUECKHUE AJIEMEHTHI AIEKTPUYECKOTO HATIPSKEHHUS,
rac Te4ET KAaTHOHHO-aHUOHHBIN TOK, 3dMCHUTL T'CHCPATOPOM IMOCTOAHHOI'O HAIIPSXKCHUA, ITAC
MOJKET TeUb KaK 3JIEKTPOHHBIH, TaK U TO3UTPOHHBIN TOK, TO, HAPSIAY C AIEKTPOHHBIM
dororddekTom, mpu CMEHE 3HAKA HAMPSHKEHUS Ha TPOTUBOMOIOKHBIN, MBI MTOJTYYHM
MO3UTPOHHBINA POTOIDDEKT.
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