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Beaukoe 06']:.6)1111-[61—[1/[6 MMOYTH COCTOAJTOCH

YMHBIE y4EHBIE CUUTAIOT, UTO
mo0ast TUTIOTE3a UMEET MPaBo
Ha CYLIECTBOBAHME - BPEMSI PACCYUT.

HeymHubie yuéHblie
OKOHYATENIbHO 1 0E€CTIOBOPOTHO
yOEXKICHBI
B TOM, YTO TOJBKO OHHU 3HAIOT UCTUHY.

Tak poxnaroTcs KOMUCCapbl
10 JDKEHAYKaM.

Hapoonas myopocmo

AnHomayus

Ilpeonacaemcs cunomesa, 20e CNIOWIHASL 2A30N0000HAS MACHUMHAS CPeOd - KOHMUHYYM
- AGIAEMCSL CMPOUMETbHBIM MAMEPUATLOM O]l 8CeX INIEMEHMO8 Mamepuu U cpeooll ux
83AUMOOEUCMBU.

Cambimu pacnpocmpanéHuvimu 60 BcenlenHotl 21emMeHmapHulMu 4acmuyamy a61a0mcs
2pasuUmoHbl, KOMopwvle 6Mecme ¢ KOHMUHYYMOM 00pazyiom 3¢up - 2pasumayuonHoe noie, naoc
KOHMUHYYM.

I'pasumom - 3mo macHumMHwILL OUNOJIb, 2eHePUPYIOUULL O4eHb claboe Ma2HUmHoe noJe,
KOmopoe, 00HAKO, NO360JIAem 2PABUMOHAM NPUMASUBAMbCS K Opye Opyey PA3HOUMEHHBIMU
nonocamu, obpasys 2pasumonHvle YenouKU - CUL08ble TUHUU 2PABUMAYUOHHBIX NOJIEl, KOmopble
onpeoenaom epasumayuoHHble U MasHUMHble C8OUCMEA NIAHEM U 36€30.

Cesob00Hble INIEKMPOHDbL, nepeceKkasd cujlossvle JuRuU cpaeumayuOHHblX I’lO]Zelz, usayuaem
QJIEKMPOMASHUNHYIO 60JIH) .

I'pasumayuonnoe 63aumooeticmsue mejy 0CYywecmsaiiemcs epasumoHHbIMu cghepamu,
PACRPOCMPAHAIOUWUMUCS BOKPY2 SPABUMUPYIOWUX MeEJL.

Amom mooice 3anonner 2pasumayuoHHbIM NoJemM U NPpeoCmasisem coool MampéwKy ¢
BIIOAHCEHHBIMU 8 OpY2 OpYea 2PasUMOHHbLIMU Chepami.

Kaswcoas epasumonnas cipepa ceoum spawenuem cenepupyem 0onosHuUmMenvubvlil (K
2paAsUMAYUOHHOMY HOMEHYUATY npedvloywell cghepul) 80U cOOCMBEHHbIU 2pasUmMayUOHHbIL
HOMEeHYUa.



Ilocnedosamenvhoe 0obasieHue KaxcOOoU cpasumoHHol cgepoli caoe2o
2PAsUMAYUOHHO20 NOMEHYUALA PONHCOAEM 8 YEHMPe AMOMA Cynep NiomHoe 8eujecmeo -
HYKJIOHDbL.

Amom ceoumu epasumonHbIMU chepamu co30ai c80€ cOOCMEEHHOE 2PABUMAYUOHHOE
none (napanineibHo 2pasumayuoHHoOMy noio 3emau), 20e d1eKMpOHblL 8 CB0EM 8PAULCHUU BOKDY2
A0pPa 0BUIHCYMCSL BMeCme CO CBOUMU CPABUMOHHBIMU chepamul, U NOMOMY He UCNbIMbIBAIOM
VCKOpEHUs U He U3yuaenm IHepuro.

I'pasumon nood deticmeuem 8HeWHUX CUJL, BPAWAACL 8 KOHMUHYYME 8 0OHOM
Hanpasienuu, npuobpemaem ompuyamenbhblll INeKMpUYecKull 3apso, npespawasicy 6
91eKMPOH, U 8PAWYACL 8 NPOMUBONOJIOHNCHOM HANPABILEHUU, NPUOOpemaenm noJoHCUMeNbHbll
NEeKMPUIECKUll 3aps0, npespaujasico 8 NO3UMpOH.

TpeHue CMEKJIAIHHbIX U CMOJIAIHbLX NAJIOYEK eCMb KAaK pas3 ma 6HeUHAA CUld, Komopas
npespauiaent cpasumoHrbsl, OKpyaicarouiue najloukKu, 6 3J1eKmpoHbl U NO3UNIPOHbL - N0 npoyecc
JIeKmpus3ayuu, 6 KOmopom nmdaxK Hasvleaemovle c60000HbLE JJIEKMPOHbL yuacmue He npuHumMaronit.

IIpoyecc anexmpusayuu npo80OHUKOE NPOUCXOOUM OO OeLicmeuem pasHocmu
INEKMPUYECKUX NOMEHYUAL08 8 3AMKHYMOU Yenu, 20e npu NOCMOSHHOM MOKe 2IeKMPOHbL U
NO3UMPOHBL OBUNCYMCS BOKPY2 PA3HBIX NPOBOOHUKO8 Hagcmpeyy HazpysKe. [Ipu nepemennom
MoKe 31eKMpOHbl U NOZUMPOHbL OBUNCYMCSL BOKPY2 0OHO20 NPOBOOHUKA, HO PA3HECEHbL Opye Om
opyea no 8pemeHu.

Ilpu ucueznogenuu 6 npoBOOHUKe PAZHOCIU INIEKMPULECKUX NOMEHYUATIO8 JJIeKMPOHbL U
NO3UMPOHBI BOKPY2 NPOBOOHUKA NPEBPAWAIOMCSL 68 SPABUTNOHDL.
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009. JleBuTalus MarHuToB
0010. JIeBurtarus cBEpXnpOBOIHUKOB
0011. DnexTpoMarHuTHas BOJIHA
0012. ®oTtorddext

13. KoneuHocTh Haliero Mupa

1. Ddup

D¢dup - TByXKOMIIOHEHTHAs CpeJia, COCTOSIIIAsl U3 KOHTUHUYMa U TPaBUTAIIMOHHOTO
MOJISL.

2. Kontuanyym

KonTtunyywm - 6e3maccoBasi, MarHUTHasi, 06CKOHEUHasi BO BpEMEHU U MPOCTPAHCTBE,
HEBUMMAs, HE PETUCTPUPYIOMIASACS HUKAKUMH MPUOOpaMH, Ta30mojo0Has cpefia, KoTopas
ABJISIETCS] CTPOUTENBHBIM MATEPUAIIOM JIJIsl BCEX AJIEMEHTAPHBIX YAaCTHUIL, U KOTOPAs TAKKE
SIBJISIETCS CPENOW B3AMMOIEHCTBUS AJIEMEHTAPHBIX YACTHUIl U BCEX CKJIAIBIBAKOLUXCS U3 3TUX
YaCTHUI JJIEMEHTOB MATEPHH.

3. I'paBuTOH

I'paBuTOH - camas pacipocTpaHeHHas BO BcelleHHOM aiieMeHTapHas 4acTula, KoTopas,
BpalasiCh B OJJHOM HalpaBJIEHUH, IPUOOPETAET OTPULIATEIbHBIN JIEKTPUUECKUHN 3aps]]
(371€KTPOH), U, BpAIIasCh B MPOTHUBOMOJIOXHOM HAPaBJICHUH, IPHOOPETAET MOJI0KHUTEITbHBIH
AJIEKTPUUCCKUMN 3apsil (TO3UTPOH).

DNEKTPOH C MO3UTPOHOM B OIPEAEICHHBIX YCIOBUAX TOCPEACTBOM aHHUTMIIALIUU
POKIAOT TPaBUTOH.

['paBUTOH - 3TO MarHUTHBIN AUIOJB, KOTOPBIN MOCPEACTBOM JIOKAJTLHBIX KOJICOAHUM
KOHTHHYyMa (aHaJIOTHYHO PsiOM Ha BOAHOM MOBEPXHOCTH) T€HEPUPYET OUEHb cl1aboe MarHUTHOE
noJie, KOTOpOe, OJJHAKO, MO3BOJISIET IPAaBUTOHAM MPUTATUBATHCS K APYT IPYTy Pa3HOMMEHHBIMU
MOJIFOCAMU.

[IpuTsHyTBIE K IpYT APYTY IPABUTOHBI, SBJIASACH CUIOBBIMU JTUHUSMHU IPABUTALUOHHOTO
I0JIsA, ONIPEAEIAIOT U MPOLIECC BCEMEPHOE TATOTEHUE, U MArHUTHBIE CBOMCTBA IUIAHET U 3BE3I.

4. Macca

C POXIACHUCM I'PaBUTOHA BO Bcenennoii POXAACTCA BCUICCTBCHHAA MacCa, KOTOpad
onpeaAcIsICT UHCPUMOHHBIC U I'PaBUTAIMOHHEBIC CBOMCTBA TEIl.

JIBH>KEHUE 1 TOKOM TeJ ONpeessieTcsl TOM WM MHOM BETMYMHOW KHHETHYECKON SHEPTUU
I'PaBUTOHOB, 00Pa3yIONIMX JAaHHOE Teno. 1 n3MeHeHne BeTMYrHBI 3TOM SHEPTUH BO3MOKHO
TOJIBKO MMOJT IEWCTBUEM KaKOW-TO BHEITHEN CUJIbl. M ecim 3Ta cuia nosiBIsIeTCs, TO apaiesIbHO
C Hell KMHeTH4YecKast SHeprus IPaBUTOHOB JAHHOTO Tela peoOpa3yeTcst B CUILy MHEPLIUH,
MPENSATCTBYIONIYIO U3MEHEHUIO COCTOSHUS JIBIKEHUS WK TTOKOS JAHHOTO Tea.



rpaBI/ITaI_II/IOHHIale CBOIICTBA TeEl OMPCACIIAOTCA MAarHUTHBIMHA CBOMCTBaAMU I'paBUTOHOB.
Ho MaruutHbie CBOMCTBA TPAaBUTOHOB OMPEAEIISIOTCS, OMATh K€, KHHETUYECKON YHEpPTUEH
TPaBUTOHOB.

CraJio ObITH, MEX/1Yy HHEPLIMOHHOM MacCcOi M rpaBUTAIIMOHHON HET HUKAKOW Pa3HHULIBL.
311ech UMeET MECTO OBITH a0COJIFOTHBINA YKBUBAJIEHT.

5. I’'paBuTarimonHoe nose

I'paBUTaLIMOHHOE B3aUMOACUCTBUE TEN OCYIECTBIIACTCS IPaBUTALIMOHHBIMU IOJIIMU,
00pa30BaHHBIMHU KPYTOBBIMHU 3aMKHYTBIMU I'PABUTOHHBIMH LIETIOYKAMH, COCTOALIMMHU U3
IPUTAHYTHIX K APYT APYry IPaBUTOHOB.

Kaxknas rpaBuTOHHas 1IeNOYKa COEIMHSIET MATHUTHBIE TI0JIF0Ca TPAaBUTHUPYIOIIETO Tea,
BHYTPH KOTOPOTO TPABUTOHHBIE IIEMTOYKH COCTUHSIOTCS BEIIECTBOM, 00Iaaf0IITUM MarHUTHBIMH
CBOMCTBaMH.

Bokpyr rpaBuTHpyroniero teiaa rpaBUTOHHBIE LIETIOYKH CKIIAIBIBAIOTCS B TPABUTOHHBIE
ctheprl. Uem maccuBHeEe TeJ10, TeM OoJibie chep ero OKpyKaer.

Kaxnas rpaBuToHHas cepa reHepupyeT CBOil rpaBUTAIIMOHHBIN MTOTEHIINAIL.

K mpumepy, Ha ypoBHE OBEPXHOCTH 3€MIIU TPAaBUTOHHAS chepa 3eMiId TeHEpUpyeT
IpaBUTALIMOHHBIIN TOTEHIMA PaBHBIN BECy Tejla, JIEKAIIEro Ha OBEPXHOCTH 3eMIIH (eciu
IPaBUTALIMOHHOE T10JI€ CAMOTI'0 TeJIa HE YYUTHIBATh). A Ha HEKOTOPOM YJAJIEHUH OT IOBEPXHOCTH
3eMiM rpaBUTOHHAs chepa 3eMiIi MOXKET F'eHepUpPOBaTh MOTEHIIMAJI, PABHBIN JINIIb [TOJIOBUHE
BECa ITOrO Tela.

Ecnu macca tena cpaBHUMa ¢ Maccoi IIJIAHET, TO €ro IPaBUTAIMOHHOE M10JI€ UMEET
MAarHUTHBIE CBOMCTBA, CPABHUMbBIE C MAarHUTHBIMU CBOMCTBaMU 3emMiid. 1 eciu Takoe Tesno He
UMEEeT MarHUTHBIX aHOMAJIHiA, Kak Ha Mapce, TO MarHUTHBIE CBOKCTBA TAaKOTO Tefa Oyaer
OTIPENIECTATHCA TUTAHTCKAM MarHUTHBIM JHMOJIeM. M 3TOT MarHUTHBIN IUITOIL 00pa30BaH
TPAaBUTOHHBIMH LIETIOYKAMHU, OKPYKAIOLUTUMU JaHHOE TEJIO.

B HebOecHol MexaHWKe rpaBUTAIIMOHHOE B3aUMO/IeHCTBHE IBYX Tell HploTOH omumcan
dopmyIoii, rie cuna NPUTSHKEHHS TeN MPSIMO MPOMOPIIMOHAIBHO MTPOU3BEACHUIO X Macc, U
00paTHO MPOMOPIIMOHATILHO KBaIpaTy PacCTOSTHUIO MEeK Ty HUMH. Ho 3Ta dhopmyna He oTpaxaeT
paSHOCTI/I FpaBI/ITaI_[I/IOHHBIX IIOTCHIINAJIOB BSaHMOHGﬁCTBYIOHIHX TCII, pa3HOCTI/I, KOTOpaSI HrpaeT
OTIPEIETISIONIYIO POJIb B (POPMUPOBAHUY TPUBUIICTUM OJHUX TEJI, TIEPET IPYTHUMHU.

6. He BCE B MUpe OTHOCUTEIBHO, WU
3akou PA3HOCTH I'paBUTAIMOHHBIX MOTCHIHNAJIOB

OrnaBienue
01. Pe3rome
02. 3aK0H pa3HOCTH I'PAaBUTALUOHHBIX TOTEHIIMAJIOB

03. [eiicTBre 3aKOHA pa3HOCTU IPABUTAIMOHHBIX MOTEHIIUAIOB

01. Pesrome



Yyénvie ucnoxon 6exos 6viiu 03a60uenvl nouckom 80 Beenennoii "mouxu onoput”,
OMHOCUMENbHO KOMOPOU MOINCHO ObLIO 0OHO3ZHAYHO ONpedelumsb, K npumepy, 3emis Kpymumcs
sokpye Coanya, unu Haobopom.

Hu cucmema Ilmonemes, Hu cucmema KonepHuKa He obnaoarom maxou
0O0HO3HAYHOCMBIO.

Teopus omnocumenvhocmu Junuwimerina npeonoaazaem pagHonpasue 0oeux mo4ex
3peHus.

Ho onsa muocux uccnedosameneii 6onpoc 0cmagancs OMKpPbLMbIM.

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

Oono3naunocmv opmupyemcs pazHocmvio 2pasUMAYUOHHBIX HOMEHYUATO08.
02. 3aK0H pa3HOCTH IPaBUTALUOHHBIX TOTEHIIUATIOB

Bcenennas OpraHn3oBaHHa B COOTBETCTBUH C 3aKOHOM PAa3HUIbI I'PAaBUTAIMOHHBIX
MOTEHITMAJIOB, 110 KOTOPOMY TeJla C MEHBIIIEH MacCOi BpaIatoTCsl BOKPYT TeJ ¢ OOJIBIION
Maccoi, o0pa3ysi, TaKUM 00pa3oM, MPUBUIIETUPOBAHHBIE COCTOSIHUE JBHKCHUS,
MPUBWIETUPOBAHHBIE CUCTEMBI OTCUETA.

Kak u3BecTHO, cucTemMa U3 IByX KOCMUYECKHUX Tell, JBUTasACh B IPABUTALIMOHHOM II0JIE,
O] ICHCTBHEM CHJIBI TPAaBUTALIMU M CHJIBI HHEPLUHU (OPMHUPYIOT TOUKY BpAIlleHUs, HA3bIBAEMYIO
LIEHTPOM HHEPIIMH, LIEHTPOM MACC, II€ TEJIO ¢ OObIIeH MacCOl HaXOUTCs OJMKE K LICHTPY
WHEpLUH, YeM TEJI0 C MEHBIIION Maccol. 1, HecMOoTps Ha TO, YTO MBI HE 3HaEM IIPUPOJIbI HU
CHJIBI TPaBUTALIMM, HU CWJIBI HHEPLUH, MBI 3HAEM, YTO OHM CYILECTBYIOT U, B YACTHOCTH, 31ECh
9THU CUJIBI JCUCTBYIOT HA KOCMUYECKHE TEJIa, ONPEAEIIsis UEHTP UX UHEPLUU.

U ecnu B macce Connna cocpegoroueHo 99,866% maccel CoTHEYHON CUCTEMBI, TO
IIOHATHO, YTO COJIHl_Ie ABJIACTCA I_[eHTpOM I/IHepI_[I/II/I, I_[eHTpOM BpaH_IeHI/IH JJIs1 BCETO, UTO
Bpariaetcst BOKpyr Hero. [Ipudém, eHTp BpaleHus sSBISETCS HE OTHOCUTEIBHBIM, a
a6COJHOTHBIM I_[eHTpOM BpaH_IeHI/IH, O3HAYaKIIUM 4YTO HU OJHO TCIIO COJIHG‘-IHOI\/'I CHUCTCMBbI, HU
MIPU KaKUX 00CTOSTENbCTBaX HE CITOCOOHO CTaTh IIEHTPOM BparieHuss COTHEYHOM CHCTEMBI.

JIOTIOTHUTETFHOM MPUYUHOMN aOCOTIOTHOCTH IIEHTPA BPAIICHUS SBIISCTCS CUTYaIlNs,
KOT'Jla TOYKa [[EHTPa WHEPIIUH OKA3BIBAETCSI BHYTPH TeJa ¢ OOJBIIION MAcCOM, KaK 3TO UMEET
MecTo ObITh, HanrpuMep, B CostHeuHO# cucTeme u cucteme "3emus - JIyna".

Takum 06pa3om, pa3HOCTh TPABUTAIMOHHBIX MTOTEHIIMATIOB (OPMUPYET OOBEKTUBHBIA U
a0CONIOTHBIN (7151 JAHHOM CHCTEMBI) IIEHTP BpallleHus, 00pa3ys MPUBUICTUPOBAHHYIO CHCTEMY
0TCY€Ta, MPUBHIICTUPOBAHHOE COCTOSIHUE JIBUKCHUS, TJE TEJla C MEHBIIIOW MAacCOH BpaIatoTCs
BOKPYT T€J ¢ OOJBIIECH Maccoi, U HET TAKUX CHUCTEM, /I MOKET OBITh HA00OPOT.

BBuny BaxxHOCTH 3TOTO siBieHUs ((hOpMUPOBaHKE MPUBUIETUPOBAHHBIX CUCTEM OTCUETA
Pa3HOCTHIO TPABUTAIIMOHHBIX MOTEHIIMAJIOB) Mbl BO3BEJH 3TO SIBJICHUE B PAHT 3aKOHA - 3aKOH

PA3HOCTH I'paBUTALMOHHBIX ITOTCHIXATIOB.

03. [elicTBue 3aKOHA pa3HOCTH IPaBUTAIIMOHHBIX MOTEHIIMATIOB



Pa3HOCTh IrpaBUTALIMOHHBIX MTOTCHIUAIOB (POPMUPYET CUCTEMBI
TPaBUTHUPYIOLIUX TEJ, BHYTPU KOTOPHIX UMEIOT MECTO ObITh MPUBUIIETUN OJTHUX
T€J, 10 OTHOLLIEHUIO K APYTUM TeJlaM 3TON CUCTEMBI Tell. 1 3T npUBUIIErMH UMEIOT
MECTO OBITh BHE 3aBUCHMOCTH OT TOT'0, €CTh BO BceneHHol a3¢up uiu HeT ero.

To ectb y ConHIa €cTh NPUBUIIETHS TOKOUTCS, OTHOCUTEIBHO LIEHTPA
BpaieHus: ConHeuHoM cuctemsl. A y 3eMJIM €CTh IPUBUIIETUS ABUTaThCsl BOKpYT ConHIa
(Tounee: Bokpyr OapurienTpa ConHedHol cucteMbl). U He MOKeT ObITh HA00OPOT.

Pa3HOCTB TpaBUTAIIMOHHBIX TOTEHIIMAIOB TaK ke (GOPMHUPYET MPUBUIICTHIO CBOOOIHO
Imagaroiim TejiaM rnmagarb Ha I‘JIaBHBIﬁ (B OHpe,Z[GJ'IeHHOM OI‘paHI/I‘IeHHOM HpOCTpaHCTBe)
HMCTOYHHK TpaBUTAINK. J0JI0KO MagaeT Ha 3eMITio, a He Ha00OPOoT.

Pa3zHOCTH rpaBUTALIMOHHBIX OTEHIIMAIOB TaK K€ (POPMUPYET NPUBHIIECTUIO 3EMITH
OCTaBaThCs B IIOKOE, KOT'/la Teja, o] AEHCTBUEM KaKUX-JTM0O0 IBUKYIIUX CHJI, OTTAJIKHBASICh OT
36MHOM IIOBEPXHOCTH, IBUKYTCS OTHOCUTEIBHO 3EMIIH.

TpamBaii IBMXKETCS] OTHOCUTENIHHO 3eMIIH, @ HE HA000POT.
7. Monens aroma

B cootBeTcTBUM ¢ ipeyiaraeMoil THIOTE30M aTOM TO K€ 3al0JIHEH TPABUTALIMOHHBIM
1oJieM, ¥ Mo3TOMY IIaHeTapHas MoJiesib aToMa Pesepdopra - bopa Hyxnaercst B 1OOIHEHUH.

VY auBnser ToT (akT, YTO Ha MPOTSHKEHUH CTa JIET (PU3UKH OBLIH YIOBIETBOPEHBI
MOJIENTBIO0 aTOMa, TOT/Ia KaK MOJIENb HE BBIACP)KUBAET HUKaKOW KpUTUKH. [Ipexe Bcero,
MOpPa)KaeT MyCTOE MPOCTPAHCTBO, KOTOpoe Ha 99,99% okpyxkaeT sApo aToMa U €ro dJIEKTPOHBI.
Kak, B TakoM cirydae, 00ecrieuuTh HaOII0JaeMbIe B OKCIIEPUMEHTAX YIIPYTOCTh U
HEC)KMMAaeMOCTh aroma?

Hama Mojiens He IMeeT Takoro HeI0CTaTKa: OCHOBHYIO 4acTh 00beMa aToMa
OCHOBHYIO 4acTh MacChl aTOMa 3aHUMAIOT I'PaBUTOHBI, KOTOPBIE 00pa3yr0T MHOTOUHCIICHHBIC
cdepsl ¢ sIpOM aToMa B LIEHTpE.

AtoMm npencrabisier co00i MaTPENIKY € BIOKEHHBIMH B JAPYT JIpyra rpaBUTOHHBIMU
cdepamu.

Cdepsnr 006pazyroTcs 3a cHET BpalleHus ¢ O0IBIION CKOPOCTHIO aTOMa, KOTOPBIH U
3aKpy4HBaeT IPaBUTOHHbBIE LIETIOYKHU B C(EpHI.

Bparienne aTOMHBIX TPaBUTOHHBIX C(ep MOBBIIIAIOT IUIOTHOCTh HAaXOAsIIEerocs B chepe
BEIIIECTBA, JOOABISSA TEM CaMbIM JIOTIOJTHUTENbHBINA TPaBUTAIMOHHBIN TTOTEHIUAIL.

Kaxxnas rpaBuToHHas chepa CBOMM BpaIIeHHEM J100aBIsET CBOM TPaBUTAIIMOHHBIN
IHOTCHIUAaJl.

Hy»xHo umeTh B BUy, 4TO paboTa 10 3aKpy4YMBaHUIO BEIIECTBA ObLIA IIpoieaHa Ipu
dbopmupoBannu Beenennoii. Teneps ke rpaBUTOHHBIE CPEphl BPAIIAIOTCS 110 HHEPITUHU O€3

3aTpPaThl SHCPIrUu.

8. CuiibHOE B3aUMOJIENCTBIE



[TocnenoBarenbHOE q00aBIEHUE KaXKOW TPABUTOHHOM c(hepoii CBOETro rpaBUTAI[HOHHOTO
NOTEHLIMANA POKIACT B LEHTPE aTOMa CyIEP IUIOTHOE BEMIECTBO - HYKIIOHBI.

KopoTkoaeiicTie cCHIIBHOTO B3aUMOJICHCTBHUE OOBSICHIETCSI TEM, UTO TPaBUTOHHAS cdepa,
O6€CH€‘II/IBaIOH_I€I‘O HaJINYUC CYIICP CUJILHOTO I'PaBUTALIMOHHOI'O MOTCHIMAJIA, HAXOAUTCA B
HENOCPEACTBEHHOI OJIM30CTU OT HYKJIOHOB.

3akpydrBaHUE BEIIECTBA B aTOME IIPOUCXOINT 3a CUET OOJIBIITON TMHEHHON CKOPOCTH
TPaBUTOHHBIX IIeo4eK B cepax. [ToaTomy korma paauyc cdepsl nocruraet pasmepa 0,7 pepmu,
e€ 3aKpy4yHuBaloIas CIOCOOHOCTh Ocia0IsAeTCsl, U BO B3aUMOIEHCTBUU MEX]ly HYKJIOHaMU
Ha4YMWHACT HeﬁCTBOBaTB KYJIOHOBCKHC CHUJIbI OTTAJIKMBAHUS.

9. Hemsnyyaromuii aTom

Bpamaromuecs BOKpYT siipa 3J€KTPOHBI 110 3aKOHAM 3JIEKTPOUHAMUKN 00s3aHbI
U3JIy4aTh SHEPTHIO.

Bosee cra et pU3MKU IOMaIH TOJI0BBI HAJl BOIPOCOM - IIOYEMY JIEKTPOH HE U3JTydaeT
SHEPIHUIO.

Men(;[y TEM, C IIO3UITHUHU HpeI[HaFaeMOﬁ MOACIN aTOMa OTBET OUYEBU/CH. ATOM cBOUMH
TPaBUTOHHBIMH CepaMu CO3/1aJ1 CBOE COOCTBEHHOE IPaBUTAIMOHHOE TMOJIE - (TTapaylIeIbHO
rPaBUTALMOHHOMY TOJIIO 3€MJIN) - TJ€ 3JIEKTPOHBI B CBOEM BpaIlleHUH BOKPYT SApa IBUKYTCS
BMECTE CO CBOMMH TPABUTAIMOHHBIMU CEpaMH, U TIOTOMY HE HCITBITHIBAIOT YCKOPCHUS U
MOTOMY HE U3ITy4aeT SHEPTHUIO.

KcraTtn, coBMecTHOE IBUKEHUE 3JICKTPOHOB CO CBOMMH IPaBUTAIIMOHHBIMU c(hepamu,
Ja€T BO3MOXHOCTb OIMCATh 3TO JBUKEHUE ITOCPEACTBOM KilacCHUeCKol MexaHuku. 1160
3JIEKTPOH B CBOCH IPaBUTOHHOMN chepe MOKET HaXOAUTHCS B JTH0O0H TOUKH, BKIIIOYAsi TOUKH,
yepe3 KOTOpbIe POXOAUT OCh BpalleHus cepsrl. [10aToMy TpaekTopus ABUKEHUS HJIEKTPOHA
OIIPEIEIACTCS 3aKOHAMU KJIACCUYECKON MEXaHUKH.

U, xcraTtH, 3axBar SApOM aToMa CBOOOITHOTO HEUTPOHA MTPOUCXOUT, KOT/1a COOCTBEHHBIE
KOJIeOaHUsT MEUICHHOTO HEUTPOHA TI0 YaCTOTE COBITAIA0OT C COOCTBEHHBIMHU KOJICOaHUSIMHU
aToma, TO €CTb, KOI1a HEUTPOH BXOJUT B YHEPIETUYECKUM PE30HAHC C aTOMOM, KOTOPBIN
CBOMMH T'PaBUTOHHBIMH c(pepaMu MMOCIEI0BATENbHO, OJTHA 32 IPYroi, 3aKpydnBacT HEUTPOH,
KaK B BOJOBOPOTE, U OTIPABIISIET €T0 B SIAPO aToMa.

10. IIpoToH 1 HEUTPOH

[IpoTOH 3TO Bpamarmmuiics ¢ 00JIBIIONH CKOPOCTHIO TO3UTPOH, OKPY>KEHHBI OTPOMHBIM
KOJIMYECTBOM IPaBUTOHHBIX cdep. Macca mpoToHa 3TO Macca ero rpaBUTOHHBIX cep MToc
Mmacca Mo3UTPOHa.

HetiTpoH 310 poTOH, 3aXBaTUBIINNA CBOMMH chepamu 3JeKTpoH. Macca HEUTpoHa 3TO
Macca IpOTOHA, MIEKTPOHA U TEX JOMOJHUTEIbHBIX TPABUTOHHBIX cdep (K IPaBUTOHHBIM
cdepam MpoToHa), KOTOPBIE UCTIONB3YIOTCS IS 3aXBaTa dJeKTpoHa. Pacnan HelTpoHa
COTIPOBOKAAETCS BbIICICHUEM MPOTOHA, 3JIEKTPOHA U TOM SHEPTUU CBA3U IPABUTOHOB, KOTOPAs
UCIIOJIb30BaIACh JJIsl 00pa30BaHMs IPAaBUTOHHBIX chep, YASPKUBAIOIIUX IEKTPOH, U KOTOpas
Tenepb Npeodpa3yercss B YHEPTHIO CBSA3H IPABUTOHOB B IPABUTALIMOHHOM I10JI€ 3€MJTH.



B no3urponnom 6era-pacnajie npoTekaeT HeCKOJIBKO MapajlIeIbHBIX MPoIecccoB. Aapo
3aXBaTBHIBACT BBICOKOOHEPTUTUYHBIN 3JIEKTPOH ¢ BHYTPEHHEI 000JI0YKH aTOMa, KOTOPBI
3aXBaTBIBACTCSA MIPOTOHOM C BEIOpOCOM 1o3uTpoHa. O00I0YKa aTOMa MOTOIHAETCS HOBBIM
3JIEKTPOHOM U TEMH I'PaBUTOHHBIMH c(epaMH, KOTOPBIE MO3BOJISIOT 3JIEKTPOHY OCYIIECTBIISATH
CBOU (DYHKIIHH.

Taxum 0Opa3oM, ISt TOSIBIICHUS] HEUTPUHO U aHTUHEUTPUHO B OeTa-pacmajie HeT
HUKAKOH HEOOXOINMOCTH.

11. I'paBUTALIMOHHO-3JIEKTPOMArHUTHBIN TyaIn3M

DJNEeKTpOMarHuTHas BOJIHA PACIPOCTPAHIETCS B TPABUTAI[MIOHHOM TI0JI€ MTPAKTUYECKH Oe3
3aTyXaHusd, a 9TO 03HAYacT, YTO BCA BeeneHHas 3anoaHeHa 3J1€KTPOMarHUTHEIMY BOJTHAMM.

A 3TO 03HAYaeT, YTO MPOIIECC TPABUTAIMOHHOTO B3aUMOICUCTBHUS MEXIY TEIaMHu U
MPOLIECC PACIIPOCTPAHEHHUS FJIEKTPOMArHUTHBIX BOJIH 3TO MPOLECCHI, PACIPOCTPAHSIOIINECS
napajuieIbHO, U KOTOPBIE OCYIIECTBIISIOTCS TTOCPEICTBOM OJTHUX U TEX YK€ AIIEMEHTAPHBIX
YaCTHII, KOTOPBIC UCIIBITHIBAIOT TTOCTOSTHHBIC B3aMMOIIPEBPAIICHHSI: TPABUTOH - SJICKTPOH -
MO3UTPOH

12. AHHUTHIATIUSA - GU3UUECKUH CMBICIT DJICKTPUIECKON SHEPTUU
OrunaBneHue

001. ArHoTarus

002. DnexkTpoMarHuTHass MHIYKIIHS
003. BuxpeBoe 2JIeKTpUYECKOE 110J1e
004. CtopoHHsIs cuia

005. AHHUTHIAIUS

006. CBepXIIpOBOAUMOCTD, WJIM CBEPXHAMAarHUYE€HHOCTh
007. CBepxXmpoBOAUMOCTh

008. Dddext Meticuepa-Okcendennaa
009. JleBuTaryst MarHuTOB

0010. JIeBurarus cBEpXnpOBOIHUKOB
0011. DnexTpoMarHuTHas BOJIHA

0012. ®oTorddext

001.Annomayus

Credyem npusnamo, 4mo NOJHOYEHHOU MeopuU IeKmpuiecmsd 6 puzuke HUK020a He
ovln0.

,Z]OCWICZWIOLIHO cKkaszanivb, 4mo 00 cux nop meopuu sjiekmpudecmed He umeem onpe()eﬂenuﬂ
qbu3uttec1<020 cmblcna 3Jl€KmpM1£€CK0L7 IHeEpcUU. A amo, ozHavaem, 4nio qbu3uuecz<aﬂ HAyKa He
cmociia nocmuds cymu jaeKkmpudecmed.

A cymb anekmpuyecmea 3aKka04aemcs 8 08UNCEHUU JJIEKMPOHO8 U NOZUMPOHO8
Hascmpeuy Hacpyske, 20e OHU U aHHU2UIUpytom. B uém u 3axnrouaemcs usuveckuii cmvici
NEKMPULECKOU IHEPSUU.



DneKmpoH-no3UMpOHHbII MOK PACNPOCMPAHAEMC S He 8 CAMOM NPOBOOHUKE, d 8
OKDYHCaeMOM NPOBOOHUK d¢hupe, NOMOMY-Mo 2MOmM MoK 00 CUX nop HUKeM He Obll 0OHApPYIiCeH,
U 3a MOK NPOBOOUMOCIU NPUHATU OBUNCEHUE, MAK HA3bIBAEMBIX, CBOOOOHBIX 2NEKMPOHOB.

DnexmpoH-no3UmMpoHHbINL MOK PACNPOCMPAHAENCSL CO CKOPOCbIO C8eMd, NOMOMY-MO
NEKMPOH-NOZUMPOHHBII NEPEMEHHDLL MOK, NOKPLLEAsl PACCIOSIHUE 8 MbLCAYU KULOMEMPOB,
ycnesaem npoumu om UCMOYHUKA 00 nompeoumeins (00HY HOLYBOIHY) 3d OOHY COMYIO 000
cexynowl (50 eepy). Toeoa kak ckopocmv 08UNCEHUSL CBOOOOHBIX INIEKMPOHOB COCMABIAem mpu
canmumempa 6 ceKyHoy.

Bzaummnoe npumsdicenue c60600HbIX 9I1€KMPOHOE K AMOMAM 00pa3yem 0CHOBHYIO
BENIUYUHY INEKMPULECKO20 CONPOMUBIEeHUs OJisl CB0OOOHO020 NPOMEKAHUS DJIeKMPOH-
nosumponromy moxy. [lomomy-mo "npumoposxa" c60600HbIX 91€KMPOHOE K AMOMAM AGNAEMCS
NPUYUHOU C8EPXNPOBOOUMOCTIU.

002. DnexTpoMarHuTHAsT UHAYKIIHS

DneKTpoOMarHuTHasi UHIAYKIIUS €CTh MPOLIECC BHEAPEHUSI SJIEKTPOHOB U MO3UTPOHOB B
OKPY’KarOIINi MPOBOIHUK 3PUP, IPOUCXOAIIEE IPU MTEPECEUCHUH MPOBOJHUKOM CHIIOBBIX
JUHUI MarHUTHOTO TOJIS.

Bcest matepust okpyxeHa 3pupoM, COCTOSIIMM U3 TPABUTOHOB, JIETKO IPEBPAIAIOIINXCS B
JIEKTPOHBI U MIO3UTPOHBI.

4! QJICKTpU3alus CTCKIIIHHBIX U CMOJISIHBIX MAJIOYCK €CTh ITOBECPXHOCTHOC
niepepacnpeziesieHIe 3apsI0B, He 3aTparuBaroIie CBOOOIHBIC IIEKTPOHBI.

CuItoBbIC IMNHUM MarHUTOB - 3TO JIMHUHU, 00pa30BaHHBIE AJICKTPOH-TTO3UTPOHHBIMH
napaMu, IpeICTaBISIFOIIMMHA COO0N MarHUTHBIE MUHU JIOMEHBI, UMEIOIIHE 1B
MIPOTUBOIOJI0KHBIX BEKTOPAa MAarHUTHON HANIPS)KEHHOCTH.

[IpoBOoHMK B JaHHOM ciiydae (yHKIIMOHUPYET TOYHO TaK K€, Kak MpuéMHas aHTCHHa,
KOTOpasi yJIaBIMBAET AJIEKTPOMArHUTHbIE BOJIHBI, TeHepupytouue B anteHne J/1C. Tonbko 31ech
BMECTO 3JICKTPOMArHUTHBIX BOJIH, CBOIO YHEPTHIO TPOBOJHUKY MEPEIAET MarHUTHOE TOJIE.
[Tepeceuenue NpOBOJHUKOM CUJIOBBIX TUHUN MAarHUTHOTO MoJiA ABIsieTcst renepaTopom D/1C.
[Tpuuém, 3TOT renepaTop padoraeT aOCOMOTHO OJAMHAKOBO, KaK MPHU JBMKEHUHU (WJIH U3MEHECHUU
HaIPSKEHHOCTH) MATHUTHOT'O TOJISI IPU HETIOABUKHOM MPOBOJAHUKE, TAK U MPHU ABUKECHUU
MIPOBOJIHUKA B MArHUTHOM T10JI€: OBLJIO OBI JIUIITH TIEPECEUCHHUE MPOBOTHUKOM CHIIOBBIX JIMHUM
MAarHuTHOro 1nosisi. To ecTh BCE MPOUCXOAUT B COOTBETCTBUHU C 3aKOHOM 3JIEKTPOMAarHMTHOM
uHaykiuu dapanes.

003. BuxpeBoe 2J1eKTpU4eCKoe 10JIe

Uro KacaeTcsi MaKCBEIIOBO, TaK HA3bIBAEMOT0, BUXPEBOIO AIEKTPUUYECKOTO OIS,
KOTOPOE T€HEPUPYETCS] U3MEHSIOIMMCS MATHUTHBIM TOTOKOM, TO U3MEHSIFOIIUNCS MarHUTHBIN
MOTOK B IIPUHIIMIIE HE MOYKET T€HEPUPOBATh BUXPEBOE MEKTpUUECKOE ToJie. Tak Kak eciau
MarHUTHBII MOTOK U3MEHSETCSI BO BPEMEHH, TO KaKIblii HOBBI 000POT MHAYLIUPYEMOTO UM
TOKA HE 3aMbIKA€TCA HA OJJHOM U TOM e 3apsiie. Kpyr He 3aMKHYT - BUXpS HET.

N3mensomumiicss MarHUTHBINA TOTOK MOKET F€HEPUPOBATH JINIIb HE3AMKHYTBIE CUIIOBBIE
JIMHUM DJIEKTPUUYECKOTO NOJs. "Teopus momist HCKIII0UaeT BO3MOKHOCTD CYILIECTBOBAHUS
BHUXPEBOTO AIEKTPUUECKOro MoJisl. B 3aMKHYTOM IIPOBOJSAIIEM KOHTYPE FEHEPUPYETCS HE



BUXPEBOE T0JIe, a KpyroBas moreHanbaas JJ]C, sHeprust KOTOPOH IEIMKOM PacxoayeTcs Ha
TETUIOBBIE TIOTEPH B KOHTYpe. B OeTaTpoHe yCKOpPEHHE 3JIEKTPOHOB OCYIIECTBIISIET PA30MKHYTOE
("cnupanpHoe") moTeHManbHoe ekTpuueckoe mone" (Kann K.b.).

004. CropoHHss cuiia

MarauTtHoe nose, BHEAPSsl 3JEKTPOHBI ¥ TO3UTPOHBI B IPOBOJAHMK, BBIIIOJIHSAET TAKXKE
(YHKLMIO, TAaK Ha3bIBAEMOI, CTOPOHHEH CHIIBI, KOTOpasl B Ka4eCTBE MEXaHMYECKOro Hacoca,
WM, TOYHEE, aHAJIOTMYHO MEXAHUYECKOMY CEMapaTopy, pa3AeisieT pa3HOUMEHHbBIE
JIEKTPUUECKHUE 3apsbl 10 KOHLIAM POBOAHUKA, CO3/aBasi pa3HOCTh MOTEHLIUAIOB.
"MarHuTHBIN cenapatop" OTIpaBIISIET AIEKTPOHBI, BPALLIAIOLIUECS B OJHOM HaIlpaBJIEHUH, Ha
OJIMH KOHEI] TPOBO/IHMKA, a TO3UTPOHBI, BPALAIOIUECS B IPOTUBOIIOJIOKHOM OTHOCHUTEIIBHO
BpallleHHUs MJIEKTPOHA, HAIIPABJICHUY - HAa IPOTUBOIOJIOKHBIN KOHEL] IPOBOJHUKA.

005. AHHUTHITAIAS

BripaBHUBaIOmnii pa3HOCTh MOTCHIIMAIOB JIEKTPUICCKUN TOK B MPOBOJTHHUKAX (B
OTJIMYUC OT MMOJYIIPOBOJHUKOB, )I(HI[KOCTGﬁ n ra3013) 9TO ABHUKCHUU SJICKTPOHOB U IMO3UTPOHOB,
KOTOPOE B LIEMSAX HATPY3KH 3aKaHYMBACTCS UX aHHUTWISIIIMEH. AHHUTUIISAIUS JIEKTPOHOB C
MO3UTPOHAMU COTPOBOKIAETCS BBIICICHUEM YHEPTUHU, KOTOPAst UCTIOIB3YETCSl HA TeHEPALIUIO0
TEIUIOBOM HEPIUHU B AJNEKTPUUYECKUX HAarpeBaTeIbHBIX MPUOOpaxX U Ha T€HEPALIUIO IBUKEHUS B
SJICKTPUYCCKUX NBUTATCIIAX.

B npouiecce aHHUTHUIALMSA 3JEKTPOHOB C O3UTPOHAMU "MAarHUTHBIN cenapatop”
BBINOJIHAET (PYHKIUIO T€HepaTOpa MEXaHUYECKOT 0 IBUKEHHUS. J|BUKEHNE STIEKTPOHOB C
NO3UTPOHAMM IS X aHHUTWISILIUM T€HEPUPYET MAarHUTHOE T10J1€, KOTOPOE B3aUMOJEHCTBYS €
MarHUTHBIM I10JIEM CTAaTOpa, NEPEMEIIAeT POTOp (AKOPb) ABUraTess. 31€Ch COOCTBEHHO YHEPTus
AQHHUTUJISILUHY PAcXOyeTcsl Ha HarpeB JIBUraTeNs.

006. CBepXIpOBOAMMOCTD, UJI CBEPXHAMArHUYEHHOCTh
JlaHHast KOHLIETIUS AJIEKTPUYECTBA JAET BOZMOKHOCTh OOBSCHUTH CBEPXIPOBOIUMOCTb.

[IpaBaa, x 100-1eTHEMY FOOHIICIO CBEPXIIPOBOUMOCTH POCCUMCKUN YUE€HBIH DeqIoKIH
Bennamun Koncrantunosuu YCOMHUMJICA B TOM, YTO TAKOC SABJICHUC CYIIICCTBYCT. Kaxk on
yTBepxaaeT, ooHapyxeHHoe Kamepnuur-OHeccoM sIBI€HHE €CTh HE CBEPXIIPOBOIUMOCTD, a
YCTOWYMBAs MOJISPU3ALMS JIEKTPOHHON CTPYKTYpPBI aTOMOB U, KaK CIEACTBUE ITOIO,
CBEpXHAaMarHMYE€HHOCTDH BELIECTBA.

Ho Ha nam B3IV, CYHICCTBYIOT o0a SAIBJICHHSA, 1 CBEPXTTPOBOAUMOCTL BMECTEC CO
CBCPXHAMAarHui4€HHOCTbIO, H CBEPXHAMArHU4Y€HHOCTD 0e3 CBECPXIIPOBOJAUMOCTH.

CBepXMnpoBOJIMMOCTh BMECTE CO CBEPXHAMAarHUYEHHOCThIO UMEET MECTO OBITh, KOTJa K
00pa3ily MoAKIII0YeH UCTOYHUK ToKa. Koraa ske MCTOUHMK TOKa OTKITIOYAeTCs -
CBEPXIPOBOJUMOCTh, ECTECTBEHHO, HCUE3AET, & CBEPXHAMAarHUYEHHOCTh OcTaércs. 1 B Tom
MecTe, rae 0exan MOJBMKHBIN TOK (JBM)KEHUE HABCTPEUy JIPYT APYry IEKTPOHOB U
MO3UTPOHOB B 3(hrpe Yy MOBEPXHOCTH CBEPXIIPOBOJIHNKA) 00pa30BaIKNCh HEMOIBUKHBIE CUIIOBHIE
JIMHUM MarHUTHOT'O TOJIS. .

007. CBepxXnmpoBOAMMOCTh



[Ipu 0OBIYHBIX TEMIEpaTypax IEKTPUUIECKUN TOK COCTOUT
U3 DJIEKTPOHOB JJIEKTPOH-IIO3UTPOHHOTO TOKA U DJIEKTPOHOB
"oTopBaHHBIX" OT aTOMOB (CBOOOIHBIX IEKTPOHOB). B3anmuoe
IIPUTSKEHUE DJIEKTPOHOB K aTOMaM OIPEAEIIAeT HaIuIne
AJIEKTPUUYECKOTO COMTPOTHBIICHUS JIJIsI CBOOOTHOTO MPOTEKAHHMS
JNEKTPOH-NIO3UTPOHHOMY TOKY. B cBepXNpoBOgHUKE ITPH
CBEpXHM3KHUX TeMIlepaTypax, Kak ObUIO 3aMEYCHO B
HKCIEPUMEHTAX, UCUE3al0T CBOOOJHBIE IJIEKTPOHBI, KOTOPBIE,
BUJUMO, "TIPUMOPAXKUBAIOTCA" HAMEPTBO K CBOMM aTOMaM, 4TO U OIPEIENSIET HCUE3HOBEHHE
JNEKTPUYECKOTO COIIPOTUBIICHHUS ISl IPOTEKaHMS 3JIEKTPOH-TIO3UTPOHHOTO TOKA.

[Ipu MOCTOSIHHOM TOKE HCTOYHUKA, B 00pa3iie IMEET MECTO CKaukooOpa3Hoe
HNCYC3HOBCHHUC DJICKTPHUICCKOI'0 COMMPOTUBJIICHUA BCJICACTBUC OTHOBPEMCHHOT O
"mpuMoOpakuBaHUs" BCEX CBOOOIHBIX JIEKTPOHOB. [Ipy mepeMeHHOM TOKE UCTOYHHUKA, B
o0pa3siie CBOOOIHBIE IJIEKTPOHBI BXOIAT B PE30HAHC C 3JIEKTPOHAMU AJIEKTPOH-TTO3UTPOHHOTO
TOKa, BCJIEJICTBUE YETO MPOLECC HCUE3HOBEHUS DJIEKTPUUYECKOI0 COMPOTHUBIICHUS TOTyYaeT
PETYIUPOBKY.

EcrectBenHo CYHICCTBYCT IOPOI BEJIMYHUHBI JICKTPOH-IIO3UTPOHHOT'O TOKA, ITOCJIC
KOTOPOTO "TPUMOPOKEHHBIE" K aTOMaM 3JIEKTPOHBI "oTphIBatOTCA" 0T atToMoB. To ke camoe
MMPOUCXOAUT, €CJIN CBECPXIPOBOAHHUK UCTILITHIBACT ,Z[GI>'ICTBI/IG MarduTHOI'O I10JIs1 3an0p0r01301?1
BEJIMYMHBI.

008. D ekt Meiicaepa-Oxcendenbaa

Ha nam B3risiz, apdext Meiicuepa-OkceHdenpaa Tounee ObU10 ObI Ha3BaTh d3PPEeKTOM
®eroknHA TOTOMY, YTO 3TOT 3()(HEKT, KaKk MOKa3bIBAIOT SKCIEPUMEHTHI, K CBEPXITPOBOIMMOCTH
HE KaKoro OTHOLICHUS HE UMEET.

D¢ ekt 00BIACHACTCS UCKITIOUUTENBHO (PETIOKUHCKON CBEpXHAMArHUUYEHHOCTBIO.
NMeHHO cBepXHAMarHM4eHHOCTh CO3a€eT B "'CBEPXIIPOBOJHUKE" MAarHUTHOE TOJIE,
SKpaHupymoliee "CBepXIPOBOJHUK" OT MAarHUTHOTO MOJISl TOCTOSSHHOI'O MAarHUTa, ¢ KOTOPhIM
MarHuTHOE MoJie "CBEpXIPOBOJHUKA" B3aMMOAECHCTBYET U 3aCTABIISET "'CBEPXIIPOBOJHUK"
aeBuTHpoBaTh. OHAKO, "CBEPXIPOBOJHUK" 3TO HE OOBIYHBIN MAarHUT.

009. JleBuTanys MariuToB

V 0OBIYHBIX MAariuToOB, KaK U3BE€CTHO, BO BPEMs JICBUTAIUHU UMCIOT MECTO OBITE OOJIBIIIHE
HpO6JIeMBI C yCTOﬁ‘IHBOCTBIO cuctemul. 1 sTa HGyCTOI\/'I‘-II/IBOCTb OMpCACIIICTCA TEM, UTO CUJIOBBIC
JJMHHUHW Mar"duTra, Korga OHu HaXoAsiaTCsa B COCTOAHHMH B3aUMHOI'O OTTaJIKMBaHUsA, HC HMCKOT TOUYKHU
PAaBHOBCCHUSA, U TOSTOMY MMOCTOAHHO CTPEMATCA 3aHATH COCTOSIHUC YCTOﬁQHBOFO B3aMMHOI'O
IIPUTSKCHUS. HOSTOMY JICBUTAlUA MarHuTOB BO3MOKHA TOJIBKO IIPHU HATMYUH TEXHUYCCKHUX
YXI/IH_IpeHI/Iﬁ TUIIa: CCPBOMCXAaHNU3MOB, JTUAMAIrHCTUKOB, U CUCTCM C BUXPCBBIMU TOKAMMU.

0010. JleBurarus "cBepXMnpoOBOJHUKOB"

HaGmronas 3a skcnepuMeHTaMu, HE TPYAHO 3aMETHTh, YTO "'CBEPXITPOBOIHUK" HE
OTTAJIKUBAETCS OT NOCTOSSHHOIO MAarHUTa: OH BCTPAaWBAETCSl B MArHUTHOE I10J1€ TIOCTOSSHHOTO
MarHuTa MEXIy €ro CUJIOBBIMH JIUHUSAMH. A 3TO 3HAYUT, YTO "CBEPXIMPOBOJHUK' HE UMEET
BHEIIHUX CHJIOBBIX TUHUNA. OH, BUANMO, UMEET JIMIIb TOBEPXHOCTHYIO (3upHYI0) "pydamky",
"CIIUTYI0" U3 IEKTPOH-TIO3UTPOHHBIX MATHUTHBIX MUHU TOMEHOB.
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"CBepXMnpoBOAHUK" 3aBHCACT B

MAarHMTHOM IT0JI€ TIOCTOSIHHOI'O MarHuTa, KaK

HaJ MarHUTOM, TaK ¥ IMOT HAM, JEMOHCTPHUPYS YCTOWYNBOE TUHAMUYECKOE paBHOBecue. Bumeo ¢

IKCIIEPUMEHTAMH MOYKHO TIOCMOTpeTh B MIHTEepHEeTE:!

1. http://masterok.livejournal.com/1180928.html

2. http://www.yourepeat.com/watch/?v=GY7TOR6 JMQ
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JlnHamMu4yeckoe paBHOBECHE CUCTEMBI ""'CBEPXITPOBOIHUK" - TOCTOSTHHBIA MarHut"
HOJIEP’)KUBACTCS MAaTHUTHON HANpPsHDKEHHOCTHIO MATHUTHOM pyOaiky "cBepXIpoBOJHHUKA".
MarauTHast HanpsSHKEHHOCTh MAarHUTHOW PyOaIiku "cBEpXIpPOBOIHUKA" OpeIeseTCs
TEMIEPATYPOI1 €ro Tena, M03BOJIsAA "CBEpXIIPOBOJHUKY" IIPU CBEPXHU3KOM TeMIieparype
BCTPauBAETCsA B MAarHUTHOE 110JI€ TIOCTOSSHHOIO MarHuTa Ha SHEPreTUYECKOM YPOBHE, KOTOPBIH
COOTBETCTBYET MAarHUTHOM HANPSKEHHOCTH pyOaliky "cBepXmnpoBogHUKa". UeM HIDKe
TeMIrepaTrypa Teia "CBepXMpOBOJIHHUKA'", TEM BBIIIE OT MOCTOSSHHOIO MarHuTa JEBUTUPYET
"cBepxnpoBogHuK". [To Mepe HarpeBaHus ""CBEpXIPOBOJAHUKA" €r0 MarHUTHAsA pyOarika
HAYMHAET YaCTUYHO MIPOIYCKATh CUJIOBbIE JMHUU IIOCTOSHHOIO MarHuTa, U BBICOTA €T0
JIEBUTALIMM CHUYXKAETCS], BIJIOTH J10 NIAJECHUSI Ha IOCTOSIHHBIA MarHuT, TJI€ OH IIpeBpaliacTcs B
oObIuHBbIN TuamarHeTuk. [Tocie BoccTaHOBIEHMS TeMIIEPaTyphl B dKUIAKOM a30Te
"CBEpXIPOBOJHUK'" BHOBb JIEBUTUPYET HA MAKCUMAJIbHOU BBICOTE.

[ToHATHO, 4TO 3/1€Ch HE TOK MCYE3, U BHOBb, UyJJIECHBIM 00pa3oM, BO3POKIAETCS, a
CBEpXHaMarHMYEHHOCTb BELIECTBA UCUYE3AET, U, O] AEHCTBHUEM CBEPXHU3KOIl TeMIlepaTyphl,
BHOBb BO3POXKAAETCA.

Taxum 00pa3oM, Ipu U3MEHEHUH NTapaMETPOB ABUKEHUS CUCTEMBI WIIM TIOJ] IeHiCTBUEM
M3MEHEHHUs TEMIIEPATyphl "'CBEPXIIPOBOAHMKA" cucTeMa ""'CBEpXIIPOBOIHUK" - TOCTOSHHBII
MarHuT" aBTOMaTHYECKH MEPEMEIIAETCS B HHbIE TOUKU INHAMHYECKOTO PABHOBECHS

0011. DnexTpomMarHuTHas BOJIHA

DJNEeKTpOMarHuTHas BOJIHA 00pa3yeTcs AByMs CpeJaMH: KOHTHHYYMOM U
IPaBUTALMOHHBIM MOJIEM.

M cToYHMK 371€KTPOMarHUTHOM BOJIHBI TEHEPUPYET B KOHTUHYYME JIBHXKYIIUECS OT
LIEHTpa c(hepuUUECKHE BOJIHBI, COCTOSALINE U3 NOCIE0BATENIBHBIX 00JIaCTe NOHUKEHHOW U
MOBBILICHHOHN IIJIOTHOCTHU. [IoHMKEHHAs IIIOTHOCTh KOHTUHYYMA PACKpY4MBaeT TPAaBUTOHEI B
HaIIPaBJICHUU JJIEKTPOHOB, a MOBBILIEHHAS INIOTHOCTh KOHTUHYYMa PACKPYYUBAET 'PABUTOHBI B
HaIpPaBJICHUU MO3UTPOHOB. DHEPIUs AIEKTPOHOB U O3UTPOHOB B CBOMX IOJIYBOJIHAX
U3MEHAETCA OT HYJS U 10 MAKCUMYyMa U OIATH 0 HYJIS.

MarsuTHas cocTaBIAIONIAs JEKTPOMArHUTHOM BOJIHBI 00pa30BaHHA JIEKTPOH-
MO3UTPOHHBIMU TTApaMH, MPEACTABISIONIUMHI cO00 MUHU TOMEHBI, UMEIOIUE J1BA
IIPOTUBOIOJIOKHBIX BEKTOPAa MAarHUTHOM HANPSHKEHHOCTH. DHEPIHsl MUHH JOMEHOB U3MEHSETCS
AQHAJIOTUYHO 3apsiiaM dJIEKTPUYECKON COCTABIIAIOLIEH AIEKTPOMArHUTHOM BOJIHBL. [To3TOMY
MHUHH JOMEHBI 00Pa3y0T U3MEHAIOLIEECS MarHUTHOE 1101, BEKTOP HAIPSKEHHOCTH KOTOPOTo
NEPIEHAUKYIIPEH BEKTOPY PACIPOCTPAHEHUS HIEKTPOMATHUTHOM BOJIHBL. B ronyBoine,
00pa30BaHHOM JIEKTPOHAMHU, MAarHUTHAs HANIPSDKEHHOCTB 110JI1 UMEET CEBEPHOE HAllpaBJIEHUE, a
B TIOJTYBOJIHE, 00pa30BaHHOM MO3UTPOHAMH - I0)KHOE HAIpaBJICHHUE.

HBI/I)KCHI/IC BHCKTPOMaFHHTHOﬁ BOJIHBI 3TO HE JIBMXXCHUC CaMHUX 3apsiaa0B, a
MMOoCICA0BATCIBbHOC IBUKCHUC BO36y)K,Z[€HI/I€ HCTIOABUIKHBIX I'PABUTOHOB, 3TO JIBUKCHHUC



SJICKTPUYCCKUX U MAIrHUTHBIX HOHefI, PacCpoCTpaAHAIOIHNUXCSA BMCCTC C IBUKCHUCM BOJIH
MMOBBIIICHHON W TOHMKEHHOM IIJIOTHOCTH KOHTHHYYMa.

Takum o0pa3om, MPaKTUUECKH MOKOSIINECS B TPAaBUTALIMOHHOM M0Jie 3eMJIU TPaBUTOHBI,
IPOXO0/1s MOJHBIN LUKI BO30YKACHHUS (LIUKJI SJICKTPOHA TUTIOC IIUKII TO3UTPOHA), IEPEAAI0OT
SHEPTUIO ANEKTPOMArHUTHOU BOJIHBI B IPOCTPAHCTBE CO CKOPOCTHIO CBETA.

DNeKTpOMarHuTHas BOJHA, JOCTHTasi TPAaBUTOHOB, HAXO/SIIMXCSI BOKPYT IPHEMHON
AHTEHHBI, BO30YKIAaeT UX, TEHEPUPYS B AaHTEHHE AEKTPOH-NI03UTpoHHYI0 DIC.

DJNeKTpOMarHuTHas BOJIHA, I0CTUTasi IPAaBUTOHOB, HAXOASIIMXCS B MEXaHU3ME 3PEHHUS
YeNoBeKa, BO30YKIaeT uX, pucCys TEM CaMbIM OKPY>KAIOIINE YeTIOBEKAa OOBEKTHI.

0012. ®oroappexr

3JI€KTpOMaFHI/ITHa}I BOJIHA, AOCTHUTAas T'PABUTOHOB, HAXOAAIINXCA HA TIOBEPXHOCTU
karoja B kosoe CroneroBa A.I'., BO30yXIaeT ux, poxkaasi SIEKTPOHBI U MIO3UTPOHBI, KOTOPHIC
OTPAXKAIOTCSI OT TTOBEPXHOCTH KATOJIA M SJICKTPOHBI (TETEePh yKe peaabHbIe YACTUIIBI) MO/
JNENCTBUEM PA3HOCTH JEKTPUUECKUX TOTEHIIUAIOB JABIKYTCS K aHOY.

Kcraru, ecnu B onbiTe CTOJETOBa XMMHUECKHUE AJIEMEHTBI AIEKTPUUYECKOT0 HAMIPSIKEHMUS,
IZIe TEYET NIEKTPOH-NOHHBIN TOK, 3aAMEHHUTDH Ha 3JIEKTPOMArHUTHBIA UCTOYHHUK IOCTOSTHHOTO
HaIPSDKEHUS, T1€ TEYET DIIEKTPOH-TIO3UTPOHHBIN TOK, TO HApALY € JJIEKTPOHHBIM TOKOM, IIPH
CMEHE 3HaKa HaIpPsKEHUS Ha POTUBOIIOJIOKHBIN, MOXKHO IOJIyYUTh IO3UTPOHHBIN TOK.

U, Takum 06pa3om, MbI, HAPSAAY € MEKTPOHHBIM (HoT0dPdhekToM, momyduM GoTodPheKT
MIO3UTPOHHBIMN.

Kcraru, CtoneroB 00rydan 3JeKTPOMAarHUTHON BOJTHOM aHO/, U ClIeJIall BEIBO/I, UTO
MTOJIOKUTEBHBIC 3apsi/Ibl (TIOJI0KUTEIIbHBIE HOHBI) HE YYBCTBUTEIIBHBI K CBETOBBIM JTyUaM.

Tornma Kak ONbITHI C ANEKTPOCKOIIOM, 3aPSKEHHBIM [TOOUEPEIHO CTEKIISIHHOM MATIOYKOW U
CMOJISTHOM, JTAaIOT a0COJIFOTHO OJMHAKOBYIO YYBCTBUTEILHOCTH K CBETOBBIM JTyUaM.

BrI1Boz1 04EBHICH: B OMBITE C AIEKTPOCKONOM MMATOYKH TTOOYEPETHO 3apsKaIN ero
U30BITKOM 3JIEKTPOHOB U M30BITKOM MO3UTPOHOB, KOTOPBIE, ECTECTBEHHO, JITaBAJIN aOCOIIOTHO
OJIMHAKOBYIO YyBCTBUTEIBHOCTh K CBETOBBIM JTydaM. Eciu ke anekTpockon Oy/eT 3apsiKeH He
MO3UTPOHAMH, a TTOJIOKUTEIIHBIMUA HOHAMH, TO, €CTECTBEHHO, OHU U B 3JIEKTPOCKOIE OyIyT HE
YYBCTBUTEIILHBI K CBETOBBIM JTydaM.

13. KoHeyHoCTh Halliero Mmupa

BcemupHoe TATOTeHHE OCYIIECTBISAETCS IPUTSHKEHUEM I'PAaBUTOHHBIX cdep K
rPaBUTHUPYIOIIUM TeslaM. J[BH>KeHHEe TPaBUTOHHBIX c(hep OTHOCUTETHHO MOBEPXHOCTH
TPaBUTHPYIOLLIETO TEJIAa ONPEEIIAET COOTBETCTBYIOIIEE AJIs1 JAHHOIO TPAaBUTUPYIOLIETO Tela
yCKOpeHue CBOOOIHOTO Ma/IeHHS.

Bmecte co cB0O0OHO MagaonMMu TeIaMy Ha TPAaBUTHPYIOIIEE TENO TAKKe MafaloT ’
COOCTBEHHBIE TPAaBUTOHHBIE c(hepbl, OCYIIECTBIISA, TAKUM 00pa30M, MOTJIOIICHHE
TPaBUTUPYIOLIMMH TEJIaMHU OKPY’KaloIIeil MaTepHH.



[TornomeéxHble TPaBUTUPYIOIIUMU TEJIAMH I'PAaBUTOHBI, 00BETUHSSACH CO CBOOOIHBIMU
IPOTOHAMH U HEUTPOHHBIMH, 00Pa3ylOT HOBbIE ATOMBI BELIECTB U, TAKUM 00pa3zoMm,
YBEIUYMBAIOT MACCY I'PaBUTUPYIOLLETO TEIA.

Bce rpaButupyroniue tena, morioast OKpyKarolyr0 MaTepUIO, YBEIUYUBAIOT CBOIO
maccy. BeceoOriee yBenmmieHne rpaBUTUPYIOIIMME TEJIAMU CBOCH MacChl BEJET TOCTOSTHHOMY
YMCHBIICHUIO PACCTOAHUA MCKAY I'PABUTUPYIOIIHUMU TCJIAMH, BIUIOTh OO UX MAACHUA APYT HA
npyra. Uto 3akoHOMEpHO BenET Hall Mup (HaOIroqaeMasi HAaMH 4acTh BCeTeHHOM) K COCTOSIHHIO,
IIPEALIECTBYIOIIEMY OuepeHOMY boibIiomMy B3pBbIBY.

WU BCE onsATh MOBTOPUTCS CHavaja.
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