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TMNOTE3A CA3EPJNIEHOA-OUHLUTEUHA §
O NPOUCXOXOEHUN MATHUTHbIX NMOJIEU
ACTPODPUSUYECKUX OB BEKTOB
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AnHoTanusi. B ctathe 00CY)KIat0TCSA TEOPETUUECKUE U IKCIIEPUMEHTAILHBIC OCHOBAHUS TH-
MOTE3bl O MPOUCXOKICHUN MarHUTHBIX MOJIeH 3eMIIH U JAPYTUX acTpodpu3nveckux oObEKTOB, BbI-
IBUHYTOH B Havasie XX Beka CazepieHaoM, a 3ateM DHHmTeitHOM. COrTacHO 3TOH THIIOTE3e, HIEK-
TPUYECKHUE 3apsbl HIEKTPOHA U MPOTOHA CIETKA OTIMYAIOTCS, YTO OJarojaps BpAIEHUIO 3eMIIH
(acTpoHOMHYECKHX OOBEKTOB) MPUBOANT K BOSHUKHOBCHUIO MarHUTHOTO TOJsA. OOCYKICHBI KC-
TIEPUMEHTHI B 3MHBIX YCJIOBUSX, HAIIEJICHHBIC HA OTPEICICHUE PA3HUIIBI DIICKTPHUCCKIX 3apsIIOB
3JIEKTPOHA M MPOTOHA.

Kniouesvie cnosa: maruuTHOe Tmonle 3emiu, Teopus auHamo, TumoTe3a CasepieHma—
DHHIITEHHA, TeOMETPUIECKas M PEIISALMOHHAS MMapaIUrMbl, SKCIICPUMEHTAIBHbBIC POBEPKU pas-
HHUIIBI 3aPSI0B.

1. Teopnu reHepaniu MArHUTHOI O 1OJIs1 3eMJIH

B Hacrosiiee Bpemsi OJHUM W3 NPUHLUIHUAIBHBIX BOIPOCOB COBPEMEHHOM
acTpoU3UKH SABISETCS BBIACHEHUE MPUPOIbl MATHUTHBIX MOJIEH IUIaHET (B YacT-
Hoctu 3emin), ConHIa U Ipyrux acTpoduznyeckux o0beKToB. [lonbITku 00bsic-
HUTH MPOUCXOXKICHUE 3eMHOTO MarHeTU3Ma MpeANpUHIMAIIUCEH JaBHO, HAYHHAS C
pabot VY. I'mnbbepra 1600 r., rae 3emiist TpakToBaJIach Kak OOJBIION MTOCTOSTHHBIN
marauT. Ceituac Hanbosee pa3paOOTaHHON MPEICTABISETCS TEOPUs] MAarHUTHOTO
nuHamo. JlaHHas Teopusi TMO3BOJIAET OOBSCHUTH OCHOBHBIE XapaKTEPUCTUKHU
MarHMTHOTO MOJs 3eMJIHM, HO TOJIBKO Ha KayeCcTBEHHOM ypoBHe. Kak oTmeuaer
A.C. ApcenbeB: «X0Tg MOJETH TUHAMO MO3BOJIAIOT KAU€CTBEHHO OOBSCHUTH OC-
HOBHBIE OCOOCHHOCTH TTIABHOTO MAarHUTHOTO IOJIsSI, OKOHYATeNbHAsl TEOpHUs, at0-
11asi METOJ] pacueTa U MMPOrHo3a MarHUTHOT'O NOJIs 3EMIIM 10 CUX IIOp HE MOCTPO-
eHa» [1].

OcHOBHBIE TPYJHOCTH TEOPUU CBSI3aHBI C PEILICHUEM MOJHOM CHUCTEMBI ypaB-
HEHUIl MarHUTHOM TUAPOANMHAMUKH, KOTOPbIE COCTOSIT U3 YPaBHEHUM TUIPOAMHA-
MUKU U ypaBHeHUIl MaxkcBemia. /[ mpuOImKeHHOTo pelieHus! 3TOH JOBOJIBHO
TPYAHOH 3a7jauu UCCIIEe0BATENN MPUOETaloT K Psiy YNPOLICHUH, TOPOKIAIOLINX
00JIbIII0€ KOJIMYECTBO MOEIEH TuHAMO, 0030p KOTOPHIX MOXHO HailTu B paboTax
[2-6]. B umTore k HacTofileMy BpEMEHH HET €AMHOM TEOPETHUYECKOW MOeiIu
JTUHAMO, a CYIIECTBYET sl HE OYEHb COIIACYIOUIMXCS JIPYT € APYroM Mojeneit
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JMHAMO, TAKMX Kak AuHamo Puxurake, nuck @apases U T.1., BBI3bIBAIOLIUX COMHE-
HUS B IPABHJILHOCTH JAHHOTO MO/IX0/1a K 000CHOBAHMIO MAarHUTHOTO TOJIST 3€MIIH.

Ha ceropnsamnamii 1eHb TakkKe CYIIECTBYET UIes O HAJTMYUH BO BHEIIHEM sIpe
CHJIBHOTO TOpoHAaiabHOro noss. [Io HeKOTOphIM MOJEIISIM HHTEHCUBHOCTH TOPOU-
JTanbpHOro moist 6omnpiie aunonbHoro B 500 pas. Tem He MeHee TOPOMAATBLHOTO
TOJIsl Ha MOBEPXHOCTH 3eMiIH He 0OHapyx eHO. Ero MoxkHO ObLI0 ObI OOHAPYKHUTh
Ha 3€MHOM MOBEPXHOCTH, €CIIM Obl, HAPUMEP, B siipe ObLII OOHAPY>KEH CBEPXIIPO-
BOJALINM 3KpaH. Ho 35IeKTpOMarHuTHOE 30HIUPOBAHUE JTAET OTPULATEIbHBIA pe-
3yJIbTAT Ha 3TOT CYEeT [7].

Psinom aBTOpPOB BBICKA3bIBAJINCh WMHBIE THIOTE3bl BOZHUKHOBEHUS MarHuT-
HOTO TIOJISl, OCHOBAHHBIEC HA TaK WJIM MHAUYE€ MPOUCXOSIIEM pa3IeIeHUH dIEKTPH-
YECKHUX 3apsA0B 2JIEKTPOHOB U 3apsijia siipa d1eMEeHTOB. Tak, ujes reHepaluu moJst
3a cYeT BO3HMKHOBEHHs TOKa Xoia pa3BuBaiach Bectunom (1954). M3BecTHbl u
IpyTue uaeu: ucnoib3zoBanue sddexra Hepuecra npennaranocs ['anaom (1936),
BO30YKJEHUE DIEKTPUIECKUX TOKOB TIOJ BO3JIEHCTBHEM JaBieHHW — MHTIHMCOM
(Inglis, 1955) u 1.11. Caexyet OTMETUTD, UTO JJAHHBIE MOJIEIIH TaK)KE€ OCHOBBIBAIUCH
Ha HE BCerja sSICHOM MeXaHHU3Me 00pa30BaHus U pa3ieieHHs dJIEKTPUUECKUX 3apsi-
JIOB, CYTOUYHOE BpallleHHe KOTOPhIX 00ecreurnBano Obl Ha4aJlbHOE TOJIe, BIIOCHEI-
CTBHH YCHJICHHOE raJIbBAaHOMAarHuTHbIM 3 dexrom (3¢ pexrom Xosra). B nHactos-
mee BpeMs WACH O HaJMYUH HEKHX (PU3UKO-XMMUYECKHX IPOILIECCOB, KOTOpHIE
OPUBOJAT K pa3lelieHHuIo 3apsioB, NpeacTaBieHbl B paborax B.B. Kysnemosa
(tepmomud py3nonnoe pasznmenenue) [9], a taxke paborax B.U. I'puropnena
¢ coaBrT. (6apoanekrpuueckuii 3pdekr) [10].

2. I'unorte3a Ca3epiienga—JiHIITeHHA

Oco0oe BHMMaHuE MPUBJIEKAET TMIIOTE3a, BbICKa3aHHas B Hadajge XX Beka
B. Cazepnenaom [11] u A. Ditamreiinom [12; 13]. Cazepraena B pszie CBOUX padoT
(1900-1908 rr.) [11] BbILIBHHYT HEOOBIYHYO, HA TIEPBBII B3I, TUIIOTE3Y O MPO-
UCXOKIEHUU MarHUTHOTO 1ot 3emiau. OH NpearoNoKuil CYUTaTh, YTO HaOIr01a-
€MO€ MAarHMTHOE IoJie 3eMJIM MPOU3BOAMUTCSA BKJIAJaMH JBYX IPOTHBOIIOIOMKHO
HaNpaBJICHHBIX MarHUTHBIX TOJIEH, TEHEPUPYEMBIX BpamleHusIMH: 1) 00BeMHOTO
MOJIO’KUTENBHOTO 3apssia 3eMJIM U 2) MOBEPXHOCTHBIX OTPHULIATEIbHBIX 3apSAIOB.
[Tonaranoce, 4To co31aBaeMble UMHU JIEKTPUYECKHE 1011 CKOMIIEHCUPOBAHBI, HO
3TO HE 03HAYaJI0, YTO CKOMIIEHCHPOBAHbI M UX MarHuTHbIE nouid. [Ipeanonaranock
TaKXke, 4YTO pe3yJIbTUPYIOILee 10JIe OTBETCTBEHHO U 33 Pa3HMILy MEXIY OChbIO Bpa-
IIEHUs 3€MJIM M MarHUTHOM OCBIO, a TAaKKe€ 3a JIBM)KEHUE MOoitocoB. IIpu sTtom
HAKJIOH MarHUTHOW OCH OOBSCHSIICS HECUMMETPHUHBIM paclpeesieHHeM POBO-
JAIIEr0 Marepuaya. JDTUM ke OOBSICHSUINCh U BEKOBBIE BapUallMM MarHUTHOTO
noss 3emun. Ho camoe BaxkHoe B runotese CasepsieHa cocTosuIo B TOM, 4TO IIPO-
UCXO’KJCHUE JIByX BUJOB 3aps/I0B BHYTPH 3€MIIU CBSI3bIBATIOCH C PA3JINYUEM DJIEK-
TPUYECKHX 3apsJI0B AIEKTPOHA U IIPOTOHA.

A. llyctep B 1912 u Bbpanrt B 1913 romy moapoOGHO HCCIEAOBAIA TEOPHIO,
OCHOBaHHYI0 Ha runorese CasepiieH1a 0 HEpaBEHCTBE CUJI, JEUCTBYIOIIUX MEXTY
OJIMHAKOBBIMH M HEOIMHAKOBBIMH YaCTHIIAMHU aToMa. B ux paboTax yTBep:Kaanocs,
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YTO pa3JInyMe MOJIOKUTEIHLHOTO U OTPULIATEIHHOIO 3apsiI0B HE MOKET IOJTHOCTHIO
00bsacHUTH MarauTHOE 1ot CoutHia [ 14].

B 1925 romy A. DiiHmreitH (HEM3BECTHO OBUI JIM OH 3HAKOM C paboTamu
CazepiieH1a) BbICKa3ajl MPEANOI0KeHHEe 00 04eHb MajioM (BHE MPEJEIOB pa3pe-
IIMMOCTH COBPEMEHHOM amnmapatrypoi B 1ab0paTOPHBIX YCIOBUAX) pa3IUIHH 3HA-
YEHUH 3aps/I0B 1O a0COIOTHON BETMUMHE TSHKENBIX TIOJOKUTEIBHO 3apsKECHHBIX
IIPOTOHOB U JIETKUX OTPUIATEIBHO 3aPSKEHHBIX 3JIEKTPOHOB. DTO MPUBOIUT K BO3-
HUKHOBEHUIO 3HAUUTEIHHOTO H30BITKA 3apsi/ia Y IOCTATOYHO MAaCCUBHBIX acTpodu-
3MYECKUX 0OBEKTOB, a BPALICHHE aCTPOPU3NIECKUX OOBEKTOB IMTPUBOANT K T€HEPa-
IIUM MAarHUTHOT'O TI0JI5l, KOTOPOE YACTUYHO KOMIIEHCUPYETCS MOBEPXHOCTHBIMH OT-
punaTenbHbIME 3apsaamMu. O4eBUIHO, YTO TUIIOTe3a DUHINTEHHA MOTHOCTBIO CO-
otBeTcTBOBaja runoreze Cazepaenaa [12; 13; 15].

B Tom xe 1925 rony A. Ilukkapn u E. Keccnep nokasanu, yTo 3HaueHUs 3a-
PSA0B IIPOTOHA U 3JIEKTPOHA OMHAKOBBI 10 19-ro 3Haka [15] u Tem cambIM nocra-
BUJIM TI0J1 COMHEHHUE runore3y DuHmTeina [12; 13; 15].

Onnako runote3a CaseprieHaa 1 DUHIIITeHHa OKOHYATEIbHO He ObLTa 3a0bITa.
3HauuTeNbHO MO3kKe runore3a CazepneHaa oOcyxknanack B Tpynax b.M. fHos-
CKOT'0, OTMEYABIIIETO, YTO «THIOTE3a TPEOYET AOMOIHUTEIBHOTO MPEAOIOKCHUS
0 MpUYUHAX pa3leieHusi 3apsaoB». [Ipuw 3TOM OH mHcand B MOJTHOM COTJIACHUU
¢ Caszepnengom: «CyliecTBOBaHHE MPEAINOiaraéMblX 3apsAI0B TaKKe MpeArnoia-
raeT HaJu4ue JIEKTPUIECKUX TMOJIeH Ha 36MHOW MOBEPXHOCTH, KOTOpPHIE ObI B3a-
UMHO YHHUYTOKWJIMCH, @ MArHUTHBIE ITOJISI, CO3/IaBaeMbIe KaXK/IbIM U3 HUX, IT0 a0CO-
JIOTHOW BENUYMHE OKA3adUCh Obl pa3HBIMHU. DTH 3apsbl, IPUHUMAs y4acTUE
B CYyTOYHOM BpamieHuu 3emiid, 00pa3yroT 3aMKHYThIE TOKH, KOTOPBIE B CBOIO O4Ye-
pens co3maroT MarHuTHoe mnosie. [loaToMy mpu COOTBETCTBYIONIEM BBHIOOpPE BEIH-
YUHBI 3apsa MAarHUTHOE TOJI€ MOTJIO OBITh PaBHBIM HA0JI01a€MOMY MarHUTHOMY
oo 3emin» [6].

B 1965 rony B. Xb103 B cBOEi#I cTathbe [16] moapobHO 00cykaall BOIPOC O BO3-
MOKHOM pa3JIMYUH DJIEKTPUUECKHUX 3apsfoB MPOTOHA M dNeKkTpoHa. OH mucai:
«Bompoc 0 ToM, B TOYHOCTH JIM PABHBI APYT JIPYTy a0COIOTHBIC BETMUUHBI 3apsi-
JIOB DJICKTPOHA ¥ TPOTOHA, BEChMa HHTEPECEH U IMEET MPUHITUITHAILHOE 3HAYCHHE
B ¢usuke». M ykazan HeKoTopble (pr3ndeckre, aCTpOHOMUYECKUE U KOCMOJIOTHYe-
CKHE CJICJICTBUS, CBSI3aHHBIE C BOBMOKHBIM OTKIIOHEHHEM OT PaBEHCTBA ITHX 3apsi-
noB. KpoMe Toro, OH IpHBeI CBEJICHUS O MOCIEIHUX dKCIIEPUMEHTAX 10 Ompe/ie-
JICHUIO COOTHOIICHHUS 3apsI0B SJIEKTPOHA U MPOTOHA.

Hanee on mucanm: «MnmeanpHas Teopus AIEMEHTAPHBIX YAaCTHIl JOJKHA
MPEJICKa3bIBATh BECh HAOIIOAACMBIN CIIEKTP 3JIEMEHTAPHBIX YACTHI] M OTHOIICHUS
ux 3apsnoB U mMacc. CoBpeMeHHasi TeOpusi KBAaHTOBBIX IOJIEH MOXKET OMUCHIBATH
JTUCKPETHBIE YACTUIIBI, HO HE CITIOCOOHA MPEICKa3bIBaTh BEIMYUHBI MAaCcC U 3aps/I0B
9TUX YaCTHII, KOTOPBIC MPUXOIUTCS OMPEACIAThH ONBITHBIM IyTeM... Ho Teopus He
JTAeT OTHOIICHHSI a0COTIOTHBIX BEIMYMH 3apPSAI0B ABYX Pa3UYHBIX YACTHUII, HATIPHU-
Mep ANIEKTPOHA ¥ IPOTOHAY». B €ro cTaThe Takke 0TMEUaIoch, 4To B «20 Beke CTpo-
WJIOCh MHOTO THIIOTE3 O MPOSBICHUSX B OOJBIIMX MacmTabdax Malloil pa3HUIIBI
B a0CONIOTHBIX 3HAYEHHUAX 3apsAJOB JIIEKTPOHA M TpoToHa. PaccmarpuBanach
BO3MOJXKHAs POJIb 3TOM Pa3HUIILI JIsl TPABUTALIUM, I MATHUTHBIX MOJeH HeOec-
HBIX TEJ U JIJI1 KocMosiorum» [16].
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WM ynoMuHamochk Takke ydacTue DWHINTEHHA B 0OCYXIACHUU JaHHOW TIPO-
OnieMbl: « DUHIITEHH OTMETHII, UTO Majiasi pa3HHIIa MeX 1y a0CONOTHBIMU BEJINYH-
HAMH 3apsi/I0B 3JIEKTPOHA U MTPOTOHA MpHBesia Obl, KOHEYHO, K MOSBICHUIO PE3yIib-
TUPYIOLLIEr0 O0BEMHOIO 3apsifia y OOBEKTOB, COJAEP)KAIIMX OJUHAKOBOE YHCIIO
MPOTOHOB U 37eKTpoHOBY. CormacHo B. Xpi03y mpu MarHUTHOM Moje 3eMi,
paBHOM Ha nostoce 0,6 D, ¥ IPU ATOM MOJIHOCTHIO 00YCIOBJICHHOM HEPABEHCTBOM
3aps70B, OTHOCUTEIbHAS pa3HUIA 3apSAO0B AJIEKTPOHA M MPOTOHA JOJKHA OBITH
nopszaka 1079 [16].

3. TeopeTnueckoe 000CHOBAaHUE MATHUTHBIX M0JIel acTPOPU3NUYECKHX
00bEKTOB C MO3ULIMU FeOMETPUYECKOr0 MOAX0/1a

I'mnote3y Cazepiienna—OWHIITEHHA, 2 UMEHHO (DOPMUPOBAHUE MAarHUTHOTO
0JIs1 MACCHUBHBIX aCTpO(PU3NUECKUX OOBEKTOB BCIEACTBUE MAJION pa3HOCTH 3apsijia
IIPOTOHA U BJIEKTPOHA IO a0COJIFOTHON BEJIMYMHE MOXHO TEOPETUYECKH 0OOCHO-
BaTh B PaMKax JBYX BAPHUAHTOB I€OMETPUYECKOIo MojaXoza: 1) B yHpoLIEHHOM
BapuaHte 6-mepHoi Teopun Kamyupsi—Kineiina u 2) B pamkax 5-MepHON Teopuu
Kanyup! co ckanspuzmom [17].

1. Ynpowennotii sapuanm 6-mepnoui meopuu Kanyywvi—Kneiina

B ynpomennom Bapuante 6-mepHoi Teopun Kanyupei—KneitHa B3aumonei-
CTBHE YaCTHII ONTMCBHIBACTCS Yepe3 TuaHbIi onepaTop 4-mepHoro auddepenunpo-
BaHUs1, UHBAPUAHTHOI'O IpU MPeoOpa30BaHUAX ABYX JOMOJIHUTENbHBIX KOOPAUHAT
U KOBAPHMAHTHOTO OTHOCHUTENBHO 4-MEpHBIX IpeoOpa3zoBaHuii. BeipaxkeHue, onu-
CBIBAIOIIEE BBHINIECKA3aHHYI0 KOMOMHAILIMIO U3 MATUMEPHOTO BEKTOPAa MOHA[BI, a
TaKXKe KOMOMHAINIO, KOTOPasi OUCHIBAET €I1l€ OHO KATMOPOBOYHOE OJIE, MOKHO
OTOXKJECTBIATh C BEKTOPHBIM MOTEHIMAJIOM 3JIEKTPOMAarHUTHOro mnojs. JlaHHas
MHTEPIIPETALNS TOBOPUT O HAJIMYMM YPE3BbIYAHO MaJIbIX IONPABOK B AJIEKTPO-
MarHUTHYIO KOHCTaHTY CBS3M U3-3a TOT0, YTO BO3HUKAIOIIMUHI ITpy AuddepeHunpo-
BaHMH 110 x* 3aps10BbIi BKIa ((haKTHUECKHU IPONOPLHOHATBHBIN Macce YaCTHIIbI)
Ha MHOTO TMOPSIIKOB MEHbIIIE HOMMHAJILHOTO 3HA4Y€HHUA 3apsaja. JIerko nokasars,
YTO B paMKaX pPacCMOTPEHHOIO KJIacca MHOTOMEPHBIX F€OMETPUYECKUX MOJENen
Macca m UHIYLUPYeT JOMOIHUTEIbHBIN («MAaCCOBBII) 3JEKTPUUECKUN 3aps]]

Ag =2m G2

DTOT BBIBOJI COOTBETCTBYET rUIoTe3e A. DUHINTEHHA O HATMYUU MaJIOH 3apsi-
JIOBOW aCUMMETPUH JIEMEHTapHbIX yacTull [17].

VYyuteiBasi Maccy OJJIEKTPOHA, IMOJy4aeM OTHOIICHHE JOTOJHUTEIHLHOTO
3apsaa K OCHOBHOMY

Agle ~ 10721,

OueBHIHO, YTO Takasl MOMpaBKa B 3JEKTPOMAarHUTHOE B3aUMOJCHCTBUE Ya-
CTHII JISKUT JAAJIEKO 3 MpeieIaMi TOYHOCTH SKCIIEPUMEHTA B JIA0OPATOPHBIX yCIIO-
Busx. OJTHAKO /IS OOJBIINX JEKTPUUSCKH KBa3WHEHTPATBLHBIX MaccC, KOT1a JJIeK-
TPUUECKHE 3apsibl YACTHUIL ABYX 3HAKOB B CPETHEM KOMIIEHCUPYIOTCS, «MacCOBBII
BKJIaJ[» B DJIEGKTPOMArHUTHOE B3aMMOJICHCTBHE MOXKET OKa3aThCs CYIIECTBEHHBIM
[17].
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2. 5-mepnasn meopusa Kanyywt co ckanapusmom

EcTb BO3MOXHOCTH 000CHOBATh pa3HUILY 3apsja B paMKaxX S-MEpHOH Teopuu
Kanyme! co ckansgpuzMoM. DTOT BapuaHT TEOPHM OTIMYAETCS OT BapHaHTa ¢ J0-
HIOJTHUTENIBHBIMU YCIOBUAMHU, KOTOPBIE IPUMEHSIFOTCA C LIETbE0 COOTBETCTBUS TEO-
puu Kanyusr o6menpunsatoit OTO ¢ snexkrpomarsetusmom. J{is nepexonaa K 3Tomy
BapUaHTy 5-MepHsl ClieyeT UCKIIOUUTh yCIOBHUE MOCTOSHCTBA 15-if KOMIIOHEHTHI
5-MepHOro merpuyeckoro teHsopa Gss. B 3Tom BapuaHTe TeOpUM NOSIBIECHHE
HANpPSHKEHHOCTU CKAJISIPHOTO TOJISI MIPAaeT BAXKHYIO POJIb B MATOM (CKAJIIPHOM)
YPaBHEHHH T'€0/I€3MYECKOM, I'/Ieé OHO OKa3bIBA€TCsl OTBETCTBEHHBIM 32 IEPEMEH-
HOCTbh OTHOUIEHHUS 3JIEKTPUYECKOI0 3apsia K Macce.

Hannuue ckansipHOro mosisi reOMeTpU4ECKOTro MPOUCXOXKIEHUS Cpa3y K€ BbI-
3bIBACT CIEAYIONIYI0 NMPUHLUIUAIBHYIO MPOOJIeMy, CBSI3aHHYIO C TE€M, UYTO, CO-
[JIACHO MOHAJHOMY MeTony l+4-pacieruieHusi, GU3NYECKUM CMBICIIOM HaJelns-
IOTCSl BEJIMYMHBI, HHBAPUAHTHBIE TP JOMYCTUMBIX NMPeoOpa30BaHUSIX OTIOIHU-
TEJIBHOM KOOPJIMHATHI U KOBAPHAHTHBIE OTHOCUTEIBHO JJOITyCTUMBIX ITpeoOpa3oBa-
HUI 4YeThIpex KIACCHUYECKUX KOOpAMHAT. YCIOBHE LWIMHAPUYHOCTU METPUKHU
110 X° BBI3BIBAET PACIIMPEHHE MHOKECTBA TAKUX BEJMYMH, TaK KaK TAKOBBIM CTaHO-
BUTCS ¥ MOTEHIMAJ CKaJIipHOro noJjsi. CienoBaTenbHO, TAKOBBIMH SIBJISIFOTCS BCE
BEJIMYMHBI, TTOJTy4aeMble U3 KaTUOPOBOYHO MHBAPUAHTHBIX YMHOXXEHHEM Ha Ipo-
U3BOJIHYIO (DYHKIIMIO OT MATHAALUATONH KOMIOHEHTHI METpu4ecKkoro Terzopa Gss.
B cBs3u ¢ 3TMM BO3HMKaeT BONPOC: KaKMe KOHCTPYKLUUHM W3 T€OMETPUUYECKUX
XapaKTEPUCTUK JOJDKHBI OBITH CONOCTaBIEHbI C (PM3NYECKMMU BEIMYMHAMH,
[JIaBHBIM 00pa3oM ¢ METPUYECKUM TEH30POM U TEH30POM 3JIEKTPOMArHUTHOI'O
noJis [17].

3TO0 MO-pa3HOMY ONPEAEIUIOCh B HECKOJIBKUX BapHaHTaX S-MEpHBIX TEOpUi
CO CKaJISIPU3MOM, TJI€ OCYIIECTBIISIICS Tepexo K 4-MepHOM (HabIojaeMoil) MeT-
pHYKE MIOCPEACTBOM PA3IMUHBIX KOHPOPMHBIX MPE0Opa3oBaHUM.

[TepBrIit 13 HUX KCTIOIB30BAJICA B padoTax camoro Kamymsl [18], roe ¢puznue-
CKasi METpUKa HEMOCPEICTBEHHO MOJIy4aeTcsl Mocie mnpoueaypsl 4+1-pacuernie-
HUsL. XapaKTepHOU YepToii 3TOro BapuaHTa SIBJISIETCS NEPEMEHHOCTb I'PaBUTALIMOH-
HOM «IIOCTOSIHHOM» M3-3a MHOXKUTENS B 4-MEPHBIX YPaBHEHUSX CIpaBa Iepe]| TeH-
30pOM DHEPTUU-UMITYJIECA JIEKTPOMATHUTHOTO TOJs. DTO OOCTOSATENBCTBO HC-
10Jb30Bal Jlupak A MOATBEPHKIAECHUS CBOEH IT'MIIOTE3bl O BO3MOXKHOCTH U3MEHE-
HUS QyHIAMEHTAIbHBIX (PU3MUECKUX KOHCTAHT B IIPOLIECCE IBOIOLMY BeeneHHO.

Bropoii BapuanT nccienosaics B padorax 3. LlmyTuepa [19] u HekoTOpbIX
JpyTUX aBTOPOB, TJ€ OCYLIECTBISUICS IEpexo]l K HOBOW 4-MEpHOW MeTpuke
nocpeactsoM koHpopmHoro ¢akropa (Gss) 2. OCHOBHBIM MOMEHTOM 3TOTO
BapHUaHTa S-MepHUsi CO CKaJIIPU3MOM SBIISIETCS OTCYTCTBHE BTOPBIX MMPON3BOIHBIX B
TEH30pE SHEPrHUHU-UMITYJIbCa CKAISPHOIO MOJIS B ypaBHEHUAX DMHINTEHHA.

Tperwnii BapuanT uccienoBaics B padorax 10.C. Bnagumuposa [17]. B atom
BapHUaHTe CKaJIIPHOE YPaBHEHUE B BaKyyMe, IIPU PaBHOM HYJIIO TEH30pe AJIEKTPO-
MarHUTHOTO TOJIs, MpeAcTaBiIseT co0oil cranaapTHoe ypaBHeHue Kieitna—®oxka
JUIs 6€3MacCOBOI0 CKAJISIPHOTO TTOJISL.

W3 pemenuii S5-MepHBIX ypaBHEHUH OWHIITEHHA CO CKAISPU3MOM OBLIO
HAlJIEHO, YTO CKaJSIPHOE I10JIE 3aBHCUT OT MACChl TPABUTHUPYIOLIETO MCTOYHHUKA
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[17]. I3 momy4eHHBIX pEeUICHUH ClIeyeT, YTO B CIIy4ae 3aBUCUMOCTH BEKTOPHOTO
AJIGKTPOMATHUTHOTO TMOTEHIMAJIA OT CKAJISIPHOTO IOJII BO3HHUKACT 3aBUCUMOCTH
TaK)Ke W OT MacChl UCTOYHHMKA AJICKTPOMArHUTHOTO MOTEHIMAIa. JTO O3HAYaerT,
YTO AJIEKTPOMAarHUTHBIE MOJISA, CO3/1aBa€MbI€ 3JIEKTPOHOM M IMPOTOHOM, OKa3bIBa-
I0TCS OTJIMYHBIMU APYT OT JIPYTa, YTO MOXKET CIIYKHUTh MOJITBEPKICHUEM PA3HOCTH
UX DJIEKTPUYECKUX 3apsoB, COOTBETCTBYMOMIEH rumnore3am CazepieHaa u DifH-
ITEHHA.

Hcxons n3 n310)KEHHOT0, MOYKHO CIIeIaTh BBIBOJ, YTO B paMKaX reoMeTpHye-
CKOH mapaurM B 5-MEpHUH CO CKaISIPU3MOM OTKPHIBACTCS BOZMOKHOCTh TEOPETH-
yeckn 000CHOBaTh BBABHMHYTYIO CasepieHJAoM U DWHINTESHHOM THIOTE3y
(M3 MOYUHTYUTUBHBIX COOOpaKEHUI) O PA3HOCTHU JEKTPUUECKUX 3aPSATIOB DIIEK-
TPOHA U MO3UTPOHA.

Oco0o crnenyer OTMETUTh, YTO 3Ta THIOTE3a MO3BOJISET 00OCHOBATH TAKKE
Ha0JTI0/TaeMbIe U3MEHEHUSI MATHUTHOTO TIOJIsT 3eMJTU: Ipeiid) TOI0COB, M3MEHEHHE
HANPSDKEHHOCTH MarHUTHOTO TTOJIST 3€MITH M IaXKe SIBJICHUE MHBEPCUN MAarHUTHBIX
MOJIFOCOB. ITO MOXKET OBITh CBA3aHO C U3MEHEHHUEM YCIIOBUH Ha IJIaHETe.

4. JKkcnepuMeHTAIbHAS NIPOBEPKAa HEPABEHCTBA 3aps/i0B

[lepBast skciepuMeHTaJIbHAS TTOTBITKa OOHAPYKEHUS pa3Inuns MOAYJIEH 3a-
PSAIOB MPOTOHA U 3JIeKTpoHa Obuta mpeanpuuara P.A. Mumnukernom B 1917 roxy
[20]. Ero oneIT 3akitoyancs B UCCIAEAOBAHUM JIBUKECHUS FIEKTPUUECKHU 3apsKEH-
HBIX Kalelb Pa3IMYHbIX KUAKOCcTeH. OHU 3apsKalUCh Pa3IUYHBIMU CIIOCOOAMHU
(TpeHueMm, moj AeMCTBHEM PEHTICHOBCKHX Jy4el, a TaKkKe MpH 3aXBaTe HOHOB U3
BO3/lyXa). MIIJIMKEH UCCIeA0BAIl IBM)KCHUE TAaKUX Karlelb MO 1eHCTBUEM CHUJIbI
TSDKECTH, BSI3KOTO TPEHUS M AJIEKTPUICCKOTO OIS U TIOKA3aJl, 9TO BO BCEX HAOIIO-
JAEMBIX CITydasx 3apsi KaXJA0W KamlelbKu SIBISUICA LENbIM, KPATHBIM HEKOTOPOil
HauMeHblel Benuunne («eaunuuey). Jx. Hopu u I'. Yambepneiin [22] uctomnko-
BaJIM 3TOT Pe3yJIbTaT 00YCIOBIEHHBIM HEPABEHCTBOM 3apsiIOB JIEKTPOHA U MPO-
ToHa. B manHo# paboTe ObLIO paccUUTaHO, UCXOMAS U3 JAaHHBIX, KOTOPBIMU TOJIB30-
Bajicsi MUJUIMKEH, YTO OTHOCHTEIbHAS PA3HOCTh BEJIMYHMH 3apSAI0B JOJIKHA OBITH
nopsiiKa 1071,

B 1925 rony A. IMuxkapa u E. Keccnep [15] mis pemenus nanHo#M mpoOieMbl
MIPOU3BENN HKCIIEPUMEHT, COCTOSIINI B aHATU3€ MCTEUYCHHUS ra3a U3 MeTainye-
CKoro cocyna. M3mepsiicst moMHbIN 3apsi O0NBIIOT0 YUCIIa MOJIEKYJI T'a3a Mo h3Me-
HEHHUIO MOTEHIHMAJa METaUIMYECKOr0 COCyJa OTHOCUTEIBHO HApy>KHOTO 3JIEK-
TpOJia MPU UCTECUCHUH U3 HEero rasza. JlJis 3TOro OHM UCTOIB30BAJIA YCTAaHOBKY, KO-
TOpasi COCTOsIa M3 JIBYX KOHIICHTPHUUYECKHX NPOBOAAIINX cdep, 00pa3yromux
chepryeckuii KOHJIEHCATOP C BHYTPEHHEH chepoid, 3aroTHeHHOM ra3oM. Pa3zHoCTh
MOTEHILIMATOB MEXIY 3TUMHU ABYMs cepaMu 3aBUCUT OT €MKOCTH, IIOBEPXHOCT-
HOTO 3apsja Ha BHyTpeHHEH cdepe U 00bEeMHOT0 3apsiia, KOTOPbIA MePEeHOCUTCS
ra3zom. [Tukkapy u Keccriep 3anonHsiiu BHyTPEHHIO cpepy YIIeKUCIIBIM ra3aM J10
nasineaust 20-30 atm. [lpu ucTedeHnn ra3a U3 BHYTPEHHEH CQepbl H3MEPSIIOCH
M3MEHEHUE TOTEHIUAIOB Ha OOKIaJKax KoHJeHcartopa. Eciu raz HelTpasieH
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U pa3Mmepsl cepbl He U3MEHSIOTCS, TO PA3HOCTh MOTEHIMAJIOB JOJKHA OCTaBAThCS
MIOCTOSIHHOW. B TOM citydae, eciiu ra3 HeceT KakoW-To 3apsijl, BbI3BaHHBIN HEPABEH-
CTBOM 3apsA10B JIEKTPOHA U IPOTOHA, BCIEACTBUE NCTCUCHUA I'a3a U3 BHYTPCHHEN
cdepbl ee MOTeHUUaN AO0JKEH M3MEHAThes. [IpoBeneHHbIe M3MEpeHus NMpHUBEIN
K BBIBOJly, YTO OTHOCHUTEJIbHAs PA3HOCTh 3apsA0B JOJDKHA OBITh MOPSAKA WU
menee 10721,

K. Kunr B 1960 rony npoBen aHaJOTMYHBIN OINBIT C BOJOPOAOM U TEIIUEM,
pe3yJIbTaThl KOTOPOTo Jadu BEPXHUI Hpeen 3apana Menbiue 10717 [21].

B 1960 roxy roxy XK. Lops, I'. Yembepnen, B. X»103 mpoBenn 3KCrIepuMEHT
C QTOMHBIM ITy4KOM, I'Jle ObUIM MCCIIEI0BAHBI OTKJIOHEHUS MOJIEKYJIIPHOTO ITy4Ka
B OZJHOPOJHOM 3JIEKTPUYECKOM MoJie. CyThb KCIIEPUMEHTA 3aKIII0YAJIACh B TOM, YTO
€CJIM aTOM HEHTpaJieH, TO OH He Oy1eT OTKJIOHEH, a €CJIM aTOM 3apsiKEeH BCIISICTBUE
pa3HULB] 3apsIOB MIPOTOHA M BJIEKTPOHA, TO OH OTKJIOHUTCA [22]. B pesynpraTe
CBOMX HCCIENOBaHUM OHM IPULUIM K TOMY »k€ BbBoAy, uro u JK. KuHr:
Agle ~ 107,

B 2011 rogy rpynmna skcnepuMeHTaTopoB U3 yHUBepcuteTa B [1agye B Utanuu
B cocrase ['. bpecca, I'. 'apyHrHo u 1p. MOBTOpHIIA SKCIIEPUMEHT C MCIIOJIB30Ba-
HUEM AaKyCTHYECKOTO MeToAa JUIsl OLEHKM HEHUTpalbHOCTH Marepuu [23],
noJ00HBIN TOMY, KOTOpbIi ucnonb3oBanu X. Jymna u XK. Kunr [21] B 1973 roay.
WX skcriepuMeHT TOKa3ajl, YTO OTHOCHTEIbHAs Pa3HOCTh 3apsIOB JIOJKHA OBITh
nopszaka 102!, To ecTh HA ceroHAIHMIT MOMEHT PABEHCTBO 3apPsI0B 110 a0COIOT-
HOM BEJIMYMHE MEXKIY SJIEKTPOHOM M TPOTOHOM COXpaHsaeTcs 10 21-ro 3Haka.

3aKjao4yeHue

Hcxons U3 M3IM0KEHHOTO, MOXXHO YTBEpXkJIaTh, YTO B paMKax reoMeTpHuye-
CKOI0 TIOAXOJa MMEEeTCsl BO3MOXKHOCTb 00OCHOBaTh rumnotesy CaseprieHaa—
OliHITeiHa 0 GOPMUPOBAHUH JAUIIOIBHOIO MAarHUTHOIO I10JI1 MACCUBHBIX acTpO-
(bu3nueckrux 00bEKTOB BCIIEACTBUE 3apsI0BOM aCHMMETPUH IPOTOHA U JIEKTPOHA.
Jiss 3TOro HEoOXOIMMO HCHOJIb30BaTh JHOO NATHUMEPHBIM BapuUaHT TEOpUU
Kamyust co ckamsipuzmom, 1ubo 6-mephuyto Teoputo Kanynsi—Kieiina.

CormacHo 3TOMy IOJIXOAY, MAacCHBHBIE acTpo(u3NYecKHe OOBEKTHI THIIA
3eMJIH, TUIAaHET WIN 3B€3[] B CPEHEM SBJISIFOTCA DJIEKTPUUYECKH HeHTpaibHbIMU. X
JOTIOJTHUTEIBHBIN (OOBEMHBIN) SJIEKTPUUYSCKUM 3apsij, OO0yCIOBIEHHBIN pa3HO-
CTbIO 3apsIOB 3JIEKTPOHA U IPOTOHA, KOMIIEHCUpPYyeTCcs a0copOMpOBaHHBIMU
(MMOBEpXHOCTHBIMM) 3apsAaMy MPOTUBOIOJIOKHOTO 3HaKa. OJHAKO 3TO HE O3Ha-
YaeT, YTO BO3HUKAIOLINE B PE3yJIbTaTe BpaleHUS O0OBEKTOB MX MATrHUTHBIE TOJI
Takxke OyIyT CKOMIIEHCHPOBaHbI. BOKpYT Takux 0OBEKTOB MOSBIISETCS HEKOTOPOE
3¢ (eKTUBHOE MarHUTHOE II0JIe, CJIaralpmeecss M3 JBYX HPOTHBOIOJIOKHO
HalpaBJIEHHBIX YacTeil: 1) U3 MepBUYHOIO MAarHUTHOTO TOJS AONOJIHHUTEIBHOTO
JIEKTPUUYECKOTO 3apsiia, 00YCIOBIEHHOTO Maccoi U 2) BTOPUYHOTO MarHUTHOIO
0JIs1, CO3/JTaBaeMOro abcopOMPOBAHHBIMU 3apsiAaMu. Pe3ynpTHpyroliee MarHuTHOE
1oJie 3aBHCUT OT pacipenesieHus: abcopOupoBaHHbBIX 3apsAa0B. M3MeHeHus ycio-
BUI Ha MOBEPXHOCTH 3eMJIH M JIPYTHX acTpO(U3NYECKHX OOBEKTOB MOTYT OBITH
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OTBETCTBEHHBIMH 32 HAa0JII0/1aeMble U3MEHEHHUS TTOJIOKEHUH MAarHUTHBIX TMOJIIOCOB,
HANPSDKEHHOCTEW MAarHUTHOTO TOJIS B JJaxke 32 3(h(DEeKT ero MHBEPCHH.

10.

11.

12.

13.
14.
15.

16.

17.
18.

19.
20.
21.
22.

23.

Jlutepartypa
ApceHbee CA. TeopeaneCKoe MOACINPOBAHUEC TJIABHOT'O MArHUTHOI'O IOJIA 3eMin U mia-

HeT // MexxayHapoaHbIi HayYHO-HCCIIeJ0BaTENbCKU KypHai. 2015.

Zeldovich Ya.B., Ruzmaikin A.A., Sokoloff D.D. The Almighty Chance // World Scientific
Lecture Notes in Physics. Vol. 20. Singapore: World Scientific, 1990.

Moffatt HK. Magnetic Field Generation in Electrically Conducting Fluids. Cambridge:
Cambridge Univ. Press, 1978.

Cardin P. Magnetohydrodynamics. 2002. V. 38.

Parker E.N. Conversations on Electric and Magnetic Fields in the Cosmos. Princeton:
Princeton Univ. Press, 2007.

Anosckuii b.M. 3emuoii maraetnsM. Jlenunrpan: M3a-Bo JICHWHTPaICKOTO YHHBEPCHTETA,
1978.

Cemenos A.C. Meroonorusi NO3HaHUS ByJIKaHU3Ma 3€MIIM: T€OJMHAMMKA WM I€OCUHEpre-
tuka? // BynkaHusM u reopamHamuka. 2-ii Bcepoccmiickuii CMMIO3MYM N0 BYJIKaHOJIOTUH
1 naneoBynkaHonorun. ExarepunOypr, 2003.

JKynasnoea U.JI. dnexTpopa3BeKa METOJAOM €CTECTBEHHOTO AJIEKTPUUYECKOTo Moist. JIeHuH-
rpan: Uzn-Bo «Henpay, 1980.

Kysneyos B.B. Beenenue B ¢usuky ropsiueii 3emun. [lerponasiosck-Kamuarckuii: MU3n-Bo
KamI'V, 2008.

Tpucopves B.U., I pucopwvesa E.B., Pocmosckuii B.C. baposnektpudeckuii 3pGeKT U 37IeKTPo-
MarHMTHBIE TIOJIS IUIaHET U 3Be3a. M.: DU3MATIINUT, 2003.

Sutherland W. Solar magnetic fields and the cause of terrestrial magnetism // Terr. Mag. Planet.
Sci. 1900. P. 73-83.

Schwinger Julian. Einstein's Legacy: The Unity of Space and Time, Paperback — December
13, 2002.

A Festschrift in Honor of Vernon W. Hughes / ed. M.E. Zeller. Yale University, 13 April 1991.
Schuster Brit. Recent total solar eclipses. 1891. Proc. R. Institution. 13. P. 273-276.

Piccard A., Kessler E. Archieve des Sciences Physique et Naturelles (Gen'eve) Sme periode.
Geneva, 1925. Vol. 7. P. 340.

Xbvi03 B. Mup JlurtntoHa — boHau 1 paBeHCTBO 3apA]0B. I'paBUTaAIMs U OTHOCUTEIBHOCTD.
Mocksa: U3n-Bo «Mup», 1965.

Braoumupos FO.C. T'eometpodusuka. M.: BUHOM. Jlaboparopus 3uanwmii, 2005.

Kanyya T. K npobneme emuHcTBa Qr3uky // Anp0epT DWHINTEHH U TEOPHs TPaBUTALNHU: cOOP-
HUK. M.: 31-B0 «Mup», 1979.

Schmutzer E. Projectiv unified field theory. I-V // Exp. Techn. Phys. 1980. P. 329-341.
Millikan R.A. The Electron. 1st ed. Chicago, 1917.
King J.G. Search for a Small Charge Carried by Molecules // Phys. Rev. Lett. 1960. 5. P. 562.

Zorn J.C., Chamberlain G. E., Hughes V. W. Experimental limits for the electron-proton charge
difference and for the charge of the neutron // Phys. Rev. 1963. 129. 2566-2576.

Bressi G., Carugno G., Valle Della F., Galeazzi G., Ruoso G., Sartori G. Testing the neutrality
of matter by acoustic means in a spherical resonator. URL: arXiv:1102.2766v2
[physics.atom-ph], 18 Mar 2011.

173



Meradusuxa, 2020, Ne 4 (38)

SUTHERLAND-EINSTEIN HYPOTHESIS ON THE ORIGIN
OF MAGNETIC FIELDS IN ASTROPHYSICAL OBJECTS

1I.A. Babenko

Institute of Gravitation and Cosmology of RUDN University
3 Ordzhonikidze St., Moscow, 115419, Russian Federation

Abstract. The article discusses the theoretical and experimental foundations of the hypothesis
on the origin the magnetic field's the Earth's and other astrophysical objects, put forward at the
beginning of the twentieth century by Sutherland and Einstein. According to this hypothesis, the
different of the electric charg of the electron and proton and the rotation of the Earth (astronomical),
leads to the appearance of a magnetic field. Experiments under terrestrial conditions aimed at
determining the difference between the electric charges of an electron and a proton are discussed.

Keywords: Earth's magnetic field, dynamo theory, Sutherland — Einstein hypothesis, geometric
and relational paradigms, experimental tests of the charge difference.



