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AHHOTaumA: Ha ocHOoBe akCMoOMaTMYecKoro AeAyKTUMBHOIo dpopmanuama 3MeKTpoAMHaMUMKN NpUBEOEHbI
TeopeTuyeckme obOCHOBaHMA CKansipHOro MarHUTHOro nonst Hukonaeea M ABYX 9MEKTPOMAarHUTHbLIX CUM
Hukonaesa. [lokasaHO, 4TO ckanspHOe MarHutHoe none HwukonaeeBa £BMASIETCA KOMMOHEHTON
CMMMETPUYHOIO TEH30pa 3MEeKTPOMarHUTHOroO Mnons U BXOAMT B KanvbpoBouvHoe ycrnoBue JlopeHua.
lMokaszaHo, 4TO BekTopHas cuna HukonaeBa, 3TO KOMMOHEHTA YETbIPEXMEPHOW CUIbl, SABNSANLWLENCS
YeTbIpeEXMEPHOM NMPON3BOAHON Crefda TeH3opa 3HEPruu-uMnyrbca B3anMoOeNncTBUS 3NEKTPOMAarHMTHOroO
nons c 3apsigamu M TOKaMu, M3BECTHOro Kak mHBapwaHT Leapuwwunbga. CkansipHas cuna Hukonaesa
SIBNSIETCA OOHUM M3 YIIEHOB YPaBHEHMSI COXPaHEHMSI MMIMyrbcCa, BblTEKAKOLWEro M3 TeH3opa 3Heprum-
UMNynbca B3aMOAENCTBUS NEKTPOMAarHUTHOrO Noss ¢ 3apsgamMu U TOKaMmu.

KniouyeBble cnosa: CKanapHoe MarHutHoe none, cuna Hukonaesa, akcMomaTU4eCKUN ﬂ,eﬂ,)/KTI/IBHbIVI
(*)OpMaJ'II/I3M, ANeKTpoanHamMunka, Teopud Makceenna, nceegoeBknuaoBa reomeTpua, TeH30p 3Hepruun-
nMmnynbca, af1IeKTpoMarHUTHoOe none, anekKTpomMmarHMTHble CUnbI.

1 BBepgeHue

McTopmnsa OTKpbITUA CKanspHOro MarHUTHOro nons Hwukonaesa v co3gaBaemoMn
3TUM nonem cunbl Hukonaeea sBNsSieTCSA nevanbHbIM MPUMEPOM AENCTBUS HAy4yHOro
gormMatmama, Korga pesynbTaTbl MNPOCTbIX  (PU3MYECKMX OMbITOB MpOTMBOpeYar
CYLLECTBYIOLNM Hay4YHbIM B3rnsgam M OTBEPralTCss Ha OCHOBAHWW TOro, YTOo Ans
OOBACHEHNA 3TUX OMbITOB HET [OCTAaTOYHOrO TEOpPEeTUYEeCKOro ob6ocHoBaHUSA. YKU3Hb
I".B. Hukonaesa 3acnyxuBaeT 60MbLIOr0 yBaXXeHUs, Tak Kak 3HA4YUTENbHYIO ee YacTb OH
NoCBATUN WUCCNeLOBaHUID CBOEro OTKpbITUS U Gopbbe 3a 4yecTHyr Hayky. O cune
HukonaeBa HanmMcaHO MHOrO HaydHbiXx paboT MM camum, KU ero nocrnegoBaTensaMu
AK. Tomunuubeim, WN. J1. MuctoveHko, B.C. BukynuHbim, C.C. BopoHkoBbIM U Ap.
O6wunpHasa 6ubnuorpacuma no aton teme npusegeHa B pabote I.B. Hukonaesa [1]. B
pabotax A.K. TomunuHa [2, 3] npogormKaeTcss TEOPETUYECKOE U IKCMEpPUMEHTanbHoe
pa3suTne n o60CHOBaHWE CyLLECTBOBAHWUSA CKanNsipHOro mMarHMtHoro nonsi Hukonaesa u
cosgaBaemon MM cunbl  HukonaeBa. Ecnn ¢ 3KCnepuMeHTanbHOWM 4YacTbio ee
noaTBepXAeHus npobnem HeT, TO N0 TEeOopeTMYeckon 4YacTnm npobnembl elle
cyuwiectBytoT. [leno B TOM, 4YTO dyHAAMEHTanbHbIM TEOPEeTUYECKMM ONMCaHUEM
MarHMTHOro nons siBnsieTcs ypaBHeHne Amnepa-MakcBenna ans nofnHoro Toka. B atom
YpaBHEHUN CKanapHOro MarHUTHoOro nonsa Hukonaeea, AENCTBYIOLLErO Ha 3apsaabl U TOKM
HeT. M3 aToro cnegyer, YTO CyLWeCTBOBaHME CKansipHOro marHutHoro nonst Hukonaesa
NpOTUBOPEYNT TEOpUM InekTpoMarHuTHoro nons Makceenna. [lo3ToMy HeT Huyero
YANBUTENBHOTO, yTO
I".B. Hukonaes, B 6opbbe c Teopmen Makceenna, npourpan. Emy ans nobenpl HyXHbl
Obln TeopeTnyeckme apryMeHTbl Goriee cunbHble, YeM npakTudeckme onbiTebl. [o
HACTOSILLLErO BpPEMEHW Takme TeOopeTMYeckue apryMeHTbl ele He HamgeHbl U cuna
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Hukonaesa He Bowna B Yy4ebHMKM no d¢u3vke. B cBA3M C TakMm nevanbHbIM
NoSIOXXeHNeM B 3MeKTpOANHaAMUKE, aBTOpP 3TOM CTaTbu cAernian nornbITKy TeopeTUyeckoro
obocHOBaHUMA ckansipHoro nons Hwukonaeea M cunbl Hukonaeesa Ha HOBOW
TeopeTn4eCcKon OCHOBE.

2 TeopeTnyeckoe 060CHOBaHUE CKansipHOro MarHuTHoro nons Hukonaesa

Teopus anektpomarHutHoro nonsa (OMI1) u B3anMOAENCTBUS SNEKTPUYECKNX
3apsiaoB M TokoB, co3gaHa k. Makceennom (1861-1865 rr.) MHAYKTUBHBIM METOAOM Ha
ocHOBe 0606LLeHNsT SKCNepPUMEHTanbHbIX )aKTOB, HAKOMMEHHbIX 3@ TOT UCTOPUYECKUN
nepuog. lNpn ee co3gaHMM BCE M3BECTHblE 3NEKTPOMArHUTHbIE SBMEHUS yxe Obinu
yAOBMNETBOPUTENBbHO OOBACHEHbI WM3BECTHbIMM  busmkammn  Papageem, AmMnepom,
Mayccom, Bebepom u gpyrum muccnegoBatensMmum u notomy Teopmsa Makcsenna ©Obina
NpUHATa paBHOAYLIHO. 3BE3OHbLIN 4Yac Teopun HacTan 4yepes aABaguaTb neT, nocne
otkpblTna . lepuem B 1888 rogoy npenckasaHHbix MakcBesnsioMm 3neKTPOMarHUTHbIX
BOJIH, U KOTOpblE TENEPb MMEIT OFPOMHOE NMPAaKTUYECKOE 3HAYEHUE ONsl YeroBeyecTBa.
TeopeTnyeckoe OTKPbITUE 3NEKTPOMArHUTHbIX BOMMH MOXHO HasBaTb rMaBHbIM HOBbIM
pesynbtatom Teopun MakcBenna, NoATBepXOarowmMm yaAMBUTENbHYIO 3((EeKTUBHOCTL
MaTtemaTuku, HO Oblno M gpyroe, He MeHee dyHAaMeHTanbHoe OTKpbiTMe. [locne
akcnepumeHToB [. lepua k passutuio Teopum MakcBenna npucoeguHUNINCbL MHorve
Beaywime U3NKM 1 MaTeMaTUKM TOro BpeMeHu. WM3yyeHne CBOWCTB YypaBHEHUN
MakcBenna nokasano, YTO OHM He COXpPaHAT CBOEro Buaa npu npeobpasoBaHUAX
Manunes n BO3HMKAET 3KCMNEpPUMEHTaNbHasi BO3MOXHOCTb OTfiM4aTb OAHY ABWXKYLLYHOCS
MHepuManbHyl0 CUCTEMY KOOPAMHAT OT LPYrOM C MOMOLLBI 3IEKTPOMArHUTHBLIX WK
onTuyeckmx namepeHmin. OgHako onbiTbl A. MankenocoHa v Ap. Aanu oTpuuaTtesnbHble
pesynbtatbl. [Ana pewenus aton npobnembl B 1892 rogy . JlopeHuy w3ameHun
npeobpasoBaHus Manunes ana onnucaHus nepexoga n3 ogHoM MHepumnanbHOW CUCTEMBI B
apyryto. AHanmnsnpysa Teoputo Makcsenna u pabotel JlopeHua A. lNyaHkape B 1904 roagy
caenan  (pyHOameHTanbHOe  OTKPbITUE HOBOW  FeOMeTpuM  Hawero mupa -
YeTbIpEXMEPHOro MNCeBOOEBKNMAOBA MpOCTpaHcTBa-speMeHn [4]. MIMEeHHO B 3TOM
NPOCTPaHCTBE MpOTEKalT BCe U3NYECKMEe MNPOLECChbl Halero Mupa, a 3akoH
COXPaHEHUs1 3HEepruuM-umMnynbca U BOMHOBble YypaBHeHuMss OMI1 saBnswTCA NpPAMbIM
cneactBMeM 3ToM reomeTpuun. Teopuo MNCeBOOEBKNMAOBA MNPOCTPAHCTB-BPEMEHU B
fAanbHenwem passun . MUHKOBCKMM WM OHO MOMYYMNo HasBaHME MNPOCTPAHCTBO
MwuHkoBckoro. [lyaHkape ©n MUHKOBCKMA Obli MaTeMatkamMm W Ans HUX  6bin
€CTEeCTBEHHbIM Mepexoq K YeTblpexmepHbiM ur3nyeckum nokasatenam. [ns onmcaHusa
OMTI1 n ero nctoyHunkoB lNMyaHkape BBES YeTbiPpEXMEPHbIN 3NEKTPOMArHUTHLIN NOTeHuman

A”(%(p, [A) 1 YeTblpexMepHyo NnoTHoCcTb Toka J,(cp,iJ) W=0,1,2,3, nonoxus Ha4yano

AeOyKTUBHOMY chopmanmamy anektpoguHamuku . MUHKOBCKUIA Npogommkmnn atn paboTbl
n cosgan onucaHne OMI1 B Buae YeTbIPEXMEPHOr0 AHTUCUMMETPUYHOIO TeH3opa
BTOPOro paHra pansa HanpsbkeHHocten 3MIT E mn B. Takoe onucaHue sBnsieTca
UCTOPUYECKN CIOXMBLUMMCS, CYATAETCA KNacCUYEeCKMM W LUMPOKO MPUMEHSIeTCs B
yyebHon nutepatype. OnucaHne OMIT BBegeHHoe A. [lyaHkape B Buge
3MEKTPOMArHUTHOro noTeHumana spensetca 6onee yHOaMeHTanbHbIM, TakK Kak 3Tu
xapaktepuctmkm IMI1 aBnATCSA SHEpreTM4eckumMmn, a cunoBsble xapaktepuctnkn E n B
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cnefylT U3 3HEPreTUYecKUX XapakTepuctuk B Buae UX Npou3BogHbiX. [loaTomy B
KBAHTOBOW 9NeKTpoauHaMMKe U Teopum nons MPUMEHSIOT  ONeKTPOMarHuUTHble
noTeHumMansl, CBA3aHHble C dHeprnen. Vicnonb3oBaHne anekTpoMarHUTHOrO NoTeHuuana
3HauyuTenbHO ynpowaeTt ypaBHeHus Makceenna, npeBpallas HeKkoTopble U3 HUX B
MaTtemaTuyeckme TOXOEeCTBa, a TakkKe YCTpaHseT HeOOHO3HAYHOCTb B HaMpPsXXeHHOCTU
3NEeKTPUYECKOro nors, Kotopas MOXeT ObITb MOTeHUManbHOW U BUXPEBOW, U MUMeeT
pa3nuyHoe onucaHve B noTeHuwanax. [lo nosogy BBedeHwa dopmanuama
YeTbIPEXMEPHOro 3ANEeKTPOMarHUTHOro noteHumana A. 3ommepdens BbicKa3arncs Tak:
«JencTBuTenbHas MatemaTudeckass npupoga I3Toro obpas3oBaHus TOMbKO Tenepb
CMOXeT BbICTYNUTb BO BCEN CBOEW KpacoTe, Kak BbICTyNaeT ropHbl naHawadT, korga
pacceuBaeTcs TyMmaH». [ockonbKky BCce dmnandeckue rnpouecchl, B TOM YMCe OCHOBHbIE
3aKOHbl  MEXaHWKM W  3NEeKTPOAMHAMMUKK,  SABMSAKOTCA  NPSMbIM - CreacTBUEM
NnceBOOEBKNNOOBON reOMeTpUM  Hawero Mupa, TO [MOSBMASETCA  BO3MOXHOCTb
AedyYKTUBHOrO BbiBOAA BCEX 39TUX 3aKOHOB. AKCMOMAaTUMYEeCKUW [OeyKTUBHbIA MeTo[,
OTHOCUTCH K OCHOBHbIM Hay4HbIM MeTO4aM TeOpeTUYecKOro uccrenoBaHUs Npupoabl,
No3BONSALWMUM NOCTPOUTL NOCNeaoBaTENbHYO N HENPOTUBOPEeYnBY0 Teoputo. OaHUM U3
rMaBHbIX JOCTOMHCTB aKCMOMAaTU4YeCKOro OeAyKTUBHOro popmarnmsma siBrseTcsa To, YTO
OONbLUMHCTBO BbICKa3blBAHUW TaKOW TEOPUWN SBMSKOTCA aHaNUTUYECKUMU UCTUHaAMW, He
TpebyroLwmMMmn aMnMpmnyeckoro o00CHOBaHUSA, Tak Kak MX UCTUHHOCTb rapaHTUpoBaHa UX
NOrM4yeckon KW MaTemMaTUyecKOM BbIBOAMMOCTbID W3 akcuMoMm Teopun. Teopus,
NOCTpOEHHas 9TMM MeTogoM, obnagaeT BaXHbIM MO3HaBaTesflbHbIM  CBOMCTBOM
npeackasaHnss W CUMHTE3a HOBbIX HayYHbIX 3HaHUW. Takonm akcnomaTudeckui
AeOYKTUBHbIN popManuaMm 3reKTpoanHaMUKM MOCTPOEH aBTOPOM HacTosLen cTaTby B
paborte [5,6]. CTpykTypa aTtoro popmanuama npmBedeHa B NpUoXeHUn. 3To He HoBas
Teopna OMI, a yTOYHEeHMe WHOYKTMBHOW Teopunm MakcBenna akcnmomMaTuyecknm
AeOyKTUBHBIM MeTo4OoM, no3BonswowmMm wmnsbexaTb oOwMBOOK M NpeackasaTtb HOBble
3HaHusa. B pabote [5,6] nonyy4eHO  ypaBHEHME  MOMEPEYHO-NMPOAOSbHbBIX
3MIEKTPOMArHUTHbIX BOJSIH, KOTOpble MNPeanonioXKUTENbHO OMUCLIBAOT  OMTUYECKOEe
n3ryyeHve ” BOSMHOBOE YypaBHeHWe npofosbHbix BonH OMI1. B atonm pabote, kpome
cunbl HMkonaesa nosiydeHbl U gpyrne HOBblE 3MEKTPOMArHUTHbLIE CUMbl, HEM3BECTHLIE B
CYyLLEeCTBYIOLLEN dSNneKTpoaMHaMUKE.

CkansipHoe marHuTHOe nosie Hukonaesa N mMaTtemaTuUyeckum OMNMUCbIBAeTCs Kak
AVBEPreHUMst BEKTOPHOrO 3NeKkTpoMarHutHoro noteHumana A 3MIT N =V-A,
3gecb V- guddepeHumnaneHbln onepatop MamunbToHa. PakTUYEeCKM 3TO BblipaKeHue
y)Xe [OaBHO W3BECTHO B anektpogvHamuke. OHO BXOAUT B TaK HasblBaemoe
«KanubpoBoyHoe ycrnoBue JlopeHua». JTO ycnoBme MUCNONb3yeTCA ANs YNPOLeHUs
ypaBHeHUn MakcBenna, 3anucaHHbliX B noTeHumanax OMI. [OnutensHoe Bpems
3MeKTPOMAarHUTHbIE NoTeHUManbl, cuMTanucb yaobHbiM MaTeMaTu4yeckum nNpuemMom Ans
ynpoweHus BbluncrieHmn. OgHako oTkpbiTMe addpekta AapoHoBa-boma u pesynbtathbl
Apyrux uccnegoBaHUMM  gokasann  (PU3MYECKYld pearnbHOCTb  3NIeKTPOMarHUTHOro
noTeHuMana, aBTOMaTU4YeCKN [OKa3aB M peanbHOCTb CKandApHOro MarHUTHOro norsis
Hukonaesa. B pabote [5,6] akcnomaTudeckum geAyKTUBHbIM MeToAoM Obino nony4YeHo
YTOYHEHHOE ypaBHeHue Amnepa-MakcBenna, B KOTOPOM cKansipHoOe MarHUTHoe none
HukonaeBa 3aHANO CBOE «3aKOHHOE» MECTO BMECTe C BUXPEBbIM MarHUTHbIM nonem B,
KOTOpoe Mbl 3HaeM No y4yebHuKaMm:



VxB=2V(V-A)= 1] +izat(|zV ~E,)
C

Takum o6pasom, ckansipHoe MarHuTHoe none Hukonaesa HepaspbiBHO CBSA3AHO C
BEKTOPHbIM BUXPEBLIM MarHUTHbLIM NOfieM, aBTOMaTUYECKUN BbiTekaeT U3 TeHsopa OMI u
ABNSAETCA NPAMbIM CrNieACcTB/EM MCeBO0EBKIMO0BON reOMeTPUN HalLero Mypa.

3 TeopeTuyeckoe o60cHoBaHUe MarHMTHOM cunbl Hukonaesa

Cvna HukonaeBa peluaeT cTapylo, XOpPOLLIO W3BECTHYH Mnpobrnemy HapyLleHus
TpeTbero 3akoHa HbloToHa B anekTpoavHamuke [2]. HanpshkeHHocTb OMI1 (ckansipHoe
MarHuTHoe none Hwukonaesa), Bbi3blBalOLWaa 3Ty CWny, Npu ee B3aMMOAEWCTBUN C
3NEeKTpUYeckuMn 3apsgaMn, COLAEpPXUTCA B norHoM TeH3ope OMIT B Buge ero
KOMMOHEHTbI, TaKkKe KaK anekTpoMarHutHble cunbl JlopeHua n Kynona.

3anuwem M3BECTHbIE ANEKTPOMArHUTHbIE CUMbl Yepe3 NoTeHumansl:

1) ornekTpuyeckass noTeHuuanbHas cuna KynoHa, geuncTByloWas mexagy
cTaTMyecKumMmn anekTpudecknmmn 3sapsigammn. OHa nponopunoHanbHa Hanps»KeHHOCTU
NOTEHLManbHOro afeKTPUYEeCKoro Nonsa B TOUKe HaxoXaeHna 3apsaga:

Fo=e-Ep=e-(-Vo)

2) Onektpuyeckas auvHammyeckas cuna KynoHa - BuxpeBas cwuna,

nponopumoHanbHas CKOPOCTU 3MEHEHUSA BO BpeMEHM BEKTOPHOIo noteHumnana SMI:
F, =e-E, =e-(-0,A)

3) MarHuTHyto cuny Amnepa, OEWCTBYIOLWYK Ha MNPOBOAHWK C TOKOM WU
MarHutHyto cuny JlopeHua, QOENCTBYIOWYK Ha OBWXKYLUMECS CO CKOpPOCTbo V
anekTpuyeckme 3apsdbl C MAOTHOCTbK p, 3anuwem B efuMHOOOpasHOM Buae 4epes
NIIOTHOCTb TOKa J N BEKTOPHbIN NOoTeHuman A:

F, =P VXVxA=IxVxA

4) MarHutHasa cuna Hukonaesa:

F,=J(V-A)

B oanekTpoavHamuke 9nNeKTPOMarHuUTHblE CUMbl SABASAIOTCA CaMblM - «CnabbiM»
mMecTtoM. OHM TeCHO cBsid3aHa C U3MKON Nna3mMbl, B KOTOPOW CyLLECTBYET MHOrO
BOMPOCOB U He pelleHHbIX npobrnem. Haubonee dApkMM NpUMEpPOM CRYXUT Takoe
N3BECTHOE sIBMEHNE NpUpoabl Kak LapoBasi MOSHUSA, ANA KOTOPOro HeT 06bAcHeHUs 40
HacTosiLero BpemMeHn. B aTom aBneHMn nnasma CywecTByeT B OrpaHU4eHHOM obbeme
npocTpaHCTBa W  yaepXuBaeTcss COOCTBEHHbIMWM  3NEKTPOMArHUTHBIMW  CUnaMm
anutenbHoe Bpems. Ha paspaboTky mMeToooB NPUHYAMTENBHOMO yaepXaHus nnasmbl B
TOKamMakax M OpYrnx TEXHUYECKMX YCTaHOBKax yxe boree cemMumaecat neTt TpaTsarcs
6onblwne TpyaoBble M (OUHAHCOBbLIE PEeCypChbl, HO Npobnema camoyaepXaHusi Nrasmbl
NMoKa OCTaeTcsl He peLleHHon. PekopaHoe BpeMs NPUHYAUTENBbHOMO yaepXXaHus nnasmbl
cenvac coctaBnsieT OeCATKM MWHYT. OTO roBOPUT O TOM, YTO CyLUeCcTBYHT Gonblume
TeopeTnyeckne npobenbl B 3TOM 06nacTn anekTpoanHaMUKK, a ycnexm OOCTUrHYTbl B
OCHOBHOM 3KCMepuMMeHTanbHbiMK MeTogamn. O TOM, YTO B 3NEKTPOAMHAMUKE U3BECTHDI
HEe BCe 3rIeKTPOMarHUTHblIE CWMbl, TFOBOPUT MNPOCTOM  MOACYET  KOMMOHEHT
3NEKTPOMarHUTHbIX Cui. YeTbipe N3BEeCTHbIE 3NEKTPOMarHUTHbIE BEKTOPHbIE cunbl (1-4)
B cymme cogepxaTt 12 ckanspHbIX KOMMOHEHT. ONEKTPOMarHUTHblE CUMbl ABMASOTCA
NPOUN3BOAHLIMU OT 3QHEPrMU SNEKTPOMArHUTHOrO B3aMMOAEWNCTBUSA. TeH30p BTOPOro
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paHra 3Heprum-umnynbca SMNeKTPOMarHUTHOro  B3aMMOOENCTBUSA  codepxuT 16
KOMMOHEHT, a YeTblpexmMepHasa Npon3BoaHas (YeTblpeXMepHbI rpagueHT) 3TOro TeH3opa
NPUBOOMUT K TEH30pY TPEeTbero paHra, KOMMOHEHTaMW KOTOPOro SABMSKTCA cKanspHble
KOMMOHEHTbl BCEX ONEeKTPOMAarHUTHbIX CuM. OTOT TEH30p 3MEeKTPOMarHUTHbIX CUn
COAepXKNT 64 KOMMOHEHTbl.  Takum o06pas3om, HEU3BECTHble B 3NeKTPOAUHAMUKE
3NEeKTPOMarHUTHble CWMbl COCTaBNAT 52 cKkanspHble KOMMOHEHTbl. 34ecb cnegyet
HaNOMHUTb, 4To Ml ABNAETCA TEH30PHbLIM MOSIEM BTOPOro paHra, a pasgefieHne ero Ha
oTAenbHble TPeXMepHble anekTpuyeckoe E u marHuTHoe none B sBnsieTcs yCrnoOBHbLIM.
TOYHO TaK M ANEKTPOMArHUTHbIE CUMbl ABNAOTCA €4MHbIM TEH30PHbLIM MOMEM TPeTbero
paHra, U pasgefieHMe X Ha oTAefnbHble 3rekTpoMmarHuTHble cunbl (KynoHa, JlopeHua,
HukonaeBa n fgp.) siBNsieTca yCrnoBHbIM. KOMMOHEHTbl BCEX 3MNEKTPOMAarHUTHbIX CWi
cBA3aHbl Mexay cobon audepeHUManbHbIMU  YpaBHEHUAMU, BbITEKAOWNMN U3
TEeH30pa 9neKTPOMarHUTHbIX cun. Wcnonb3yss 3TW ypaBHEHUS CBA3W W U3BECTHble
BEKTOPHble TOXAECTBa M3 KOMMOHEHT 3TOr0 TEH30pa MOXHO COCTaBUTb pasfnunyHble
TpexXmMepHble BapwaHTbl (KOMOBWHaUWW) nNpeacTaBrneHUss  ANEeKTPOMAarHUTHbIX — CUI.
Hanpumep, oanektpomarHutHass cuna, onpegenseMasl rpaguMeHToM — CKansipHoro
npousBefeHNs BEKTOPHOro MOTeHuuana A Ha BEeKTOp MfOTHOCTM Toka J pJaet
TOXOECTBEHHOE BblpaXXeHue, BKIYatoLllee Lenbln psg 3NeKTPOMarHUTHbIX CUSl, B TOM
yncne cunbl JlopeHua (Amnepa) JxV xA n Hukonaesa J(V-A):
VA-D)=2(A-V)I+Vx(AxI)+IxVxA+AxVxI+I(V-A)-A(V-J)

N3 aToro BblpaxeHust Takke cregyet, u4To cuny JlopeHua (Amnepa) MOXHO
TOXOECTBEHHO NpeacTaBuUTb B BUAE KOMOMHAUUK LLECTN OPYTMX NEKTPOMarHUTHbIX CUI,
HEeU3BECTHbIX B  3nekTpoauHamuke. Takum  obpa3oM, B  YeTbIpeXMEPHOM
NnceBOOEBKNINOOBOM MPOCTPAHCTBE-BPEMEHN ONEKTPOMarHUTHas cuna onucbiBaeTcH
OAHUM YeTbIpeXMEPHbIM TEH30POM TPETLEro paHra, MMerLWwmM 64 KOMMNOHEHTbI.
lMpuBenem eule oovH NpUMepP 3NEKTPOMArHUTHbIX cui. [naroHanblo TeH30pa aHepruum-
umnynbca B3ammogenctema IMI ¢ 3apsagamym Tokamu SBRSETCS WMHBapUaHT 3Heprum
aToro B3aumopgencteus | =¢-p—A-J. OH u3BecteH B (pu3nke kak o0600LieHHas

NNOTHOCTb SHEPrMM JNEKTPOMArHUTHOrO B3aMMOOENCTBUSA UMW, KakK WHBapuaHT
Weapuywunbga. 3TOT MHBAPMAHT TakKe UCMNONb3YeTCH, Kak MNOTHOCTb NarpaHXxuaHa, B
dopmanumame JlarpaHxa. BosbMem ero 4eTbipexMepHyto Npon3BOAHYO (YETbIPEXMEPHbIN
rpagueHT) n NOMyYMM YeTbIPEXMEPHLIN BEKTOP 3MEeKTPOMAarHUTHbIX CWUM, MOocne 3Toro
3anMLwem ero KOMMOHEHTbI B BUAE TPEXMEPHBIX 3NEKTPOMarHUTHbIX cun. [nst ygobetea
pPacCMOTPEHUS 3anULLIEM 3TN SNIEKTPOMArHUTHbIE Cunbl B Buae Tabnuubl 1. B Tabnvue 1
npvBeOEHbl HE BCE JMEeKTPOMAarHUTHblE CuMbl, a TONbKO CWUIbl, CBSi3aHHbIE C
NHBapuaHToM | =¢- p—A-J 3HepruM B3aMMoaencTBns 3apsaos 1 Tokos ¢ AMI1. Cunbl

7-12 MOXHO npefcTaBuTb OpYyr Yepe3 Apyra unu 3anucatb ux B Buge V(A-J).

OuHamnyeckne cunel 1, 2, 5, 6 cogepxat KO3PUUMNEHT 1/C N MEKOT Manylo BENTUYMHY U
NPOSIBNSAITCA B ObICTPbIX 9NEKTPOANHAMUYECKMX NPOLECCaX.



Tabnuua 1. KOMNOHEHTbI MHBAPWUAHTHOWN 3NTIEKTPOMAarHUTHOM CUMbI

Ne MaTemaTtunyeckoe
onncaHwe HanmeHoBaHune Bua cunbl MpumevaHune
KOMMOHEHT CUNbI cunbl
1 @p-0.plc _ ckanapHaa | Manas guHamuyeckas
2 p-oplc _ ckanapHaa | Manas guHamuyeckas
3 p-Vo Cwuna KynoHa BekTopHass | Ctatmyeckas
4 @-Vp _ BekTopHast | Ctatmyeckas
5 A. 8tJ /c _ ckandpHada | Manas guHamuyeckas
6 J ’8tA/ c _ ckandpHasa | Manas guHamuyeckas
7 (A . V)J _ BekTopHasi | CtaumoHapHas
8 V><(A><J) _ BekTopHass | CtaumoHapHas
9 IxVxA Cwuna JlopeHua | BektopHasi | CtauuoHapHas
10 AxVxJ _ BekTopHasi | CtaumoHapHas
11 J(V-A) Cuna BekTopHasi | CtaumoHapHas
HwukonaeBa
12 A(V . J) _ BekTopHasi | CtaumoHapHas

Ewe ogHa rpynna anekTpoOMarHUTHbIX CUN BXOAUT B YpPaBHEHWE COXpPaHEHUs
3HEeprum-umMnynbea, BbITEKAIOLLErO n3 TeH3opa 3HEeprun-nmMmnyrnbea. oK
3MEeKTPOMarHnUTHble Cunbl Ans yaobcTBa NpeacTaBfeHus Takke 3anuwem B Buae
Tabnuubl 2.

Tabnuuya 2. OnekTpOMarHUTHbIE CWUSlbl U3 YPaBHEHWA COXPaHEHUs 3Hepruu-

nMnynsca
Ne MaTemaTtunyeckoe HanmeHoBaHune Bua cunbl MpumevaHune
onucaHue cun CUnbl
1 c-p-V-A Cwuna Hukonaesa | ckanspHasa | Ctatudeckas
2 c-A-Vp _ ckanapHasa | Ctatudeckas
3 @-V-J /C _ ckandpHasa | Manas ctatudeckas
4 J -V(p/C _ ckandpHasa | Manas ctaTudeckas
5 . 2 ckansipHasa | Managa guHamuyeckas
p-0J/c - P A
2 kansipHas | Manas guHamundeckas
6 J-oplc _ ckansipHa anas gvHamu4yecka
7 o atA OuHamnyeckas BekTOpHas | JuHamuyeckas
cvna KyrnoHa
8 A-0.p _ BeKTopHasa | [uHamuyeckas
9 J-V)A _ BekTopHas | CtaumoHapHas

N3 Tabnny 1 n 2 cneaytot 10 ckansapHbIX U 11 BEKTOPHbLIX 3NEKTPOMarHUTHbIX cun. U3
KOTOPbIX W3BECTHbl TOMbKO 4YeTblpe BEKTOpHble cunbl. MoXHO yBuMAeTb, 4TO cuna
Hukonaesa, cBsizaHHasi CO cKansipHbIM MarHUTHbIM nonem Hukonaesa, CywlecTByeT B
AByx Bugax. B tabnuue 1 B BMae BekTopHOW cunbl J(V-A), n B Tabnuue 2 B BUae

CKanspHoOM curnbl c- p-V-A.



4. 3akntoyeHue

B ctaTtbe npuBegeHO TeopeTUYeckue AokasaTefnbCTBa peanbHOro CyLeCcTBOBaHUS
CKandpHoro MarHuTHoro nond Hwukonaeea, KOTOpoe nMposiBNsSeTcA B  Buae
3MeKTPOMarHUTHbIX cun  HukonaeBa, [AEWCTBYIOWNUX Ha 3apagbl U TOKU.  3TO
TeopeTudeckoe [oKas3aTeNnbCTBO OCHOBAHO Ha akCMOMaTU4eckoM  [e[yKTMBHOM
dopmanusame anekTpoaMHamukui [5,6] ogHUM K3 NaBHbIX LOCTOMHCTB KOTOPOrO,
ABNSAETCHA TO, YTO €ro BbIBOAbI ABMAIOTCA aHaNMTUYECKUMU UCTUHAMN, He Tpebyowmnmm
aMnupu4eckoro 060CHOBaHMUSA, Tak Kak UX UCTUHHOCTb rapaHTUpoBaHa UX fIOrMYeckon u
MaTemMaTM4YecKon BbIBOAMMOCTBIO U3 akcuoMm Teopun. 3 aToro cnegyert, YTO ecnu Bbl He
cornacHbl C CyLleCTBOBaHMEM CKansipHOro MarHUTHoro nons Hwkonaeesa wnu curnom
HukonaeBa, TO Bbl He COrfacHbl C akcuoMamu 3Toro opmanmsma: CyLecTBOBaHUEM
3MIEKTPOMAarHUTHOroO noTeHumnarna, MNOTHOCTbIO TOoKa M 3MeKTpu4eckumu 3apsgamu, a
TaKke C NCceBoeBKNNAOBOM reOMeTpUen Hallero Mmpa, a 3Ha4uT He cornacHbl BoobLLe
CO BCEWN 3NEKTPOOMHAMUKON U MEXAHUKOMN.

34ech cnefyeTt ckasaTb HECKOSIbKO CINOB O NCEBAOEBKIIMAOBON reoMeTpun Hallero
Mupa. OTa reomMeTpus ABnAeTca BenvkuMm oTkpbiTem A. MNMyaHkape. O6 3TOM OTKPbITUM
3ameyvaTenbHo Hanucan A.A. JloryHoB B cBoen kHure [7]. WmeHHO Gnarogaps
NnceBOOEBKNNOOBON reoMeTpuM B NPUPOAE CyLWECTBYOT 3fIeKTPOMarHUTHbIE BOJIHbI,
rpasuTaums n AEeNncTByIoT 3aKOHbI CoXpaHeHusi 3Heprum-umnysnbca B
ANEKTPOANHAMMYECKMX N MEXaHMYECKMX MpoLeccax, a 3TO 03Ha4aeT, YTO BeCb HaW MUp
CyLLIeCTBYeT TONbKO Grnarogapsi 3ToM reoMeTpum NPOCTPaHCTBA.

B 3akniouveHne ynomsiHy ele oaHy obcyxagaemyr npobnemy — 6esonopHoe
ABWXKEHME, KOTOPOE [OEMOHCTpMpyeT «uHepumomg» TonumHa. 3OTa Tema KaxeTtcs
Aanekon ot Tembl, obcyxgaemon B HacTosiwen ctatbe. Ho 3To He Tak. Takke kak cumna
Hukonaesa, oTkpblTne B.H. TonumMHa nocTpagano oT AeNCTBUN HEKOTOPLIX 4OrMaTUYHbIX
y4yeHbIX. 34ecCb Takke pearibHble 3KCMNEePUMEHTbI OTBEPratoTCa N3-3a HEBO3MOXHOCTU UX
00bSACHEHNA Ha OCHOBe YycTapesllen Teopunm HbioTOHa. JTa npobrema MexaHuku u
rpaBuTauMmM Takke fnerko pewaetca B nonb3dy B.H. TonunHa Ha ocHoBe
aKkcMomMaTMyeckoro [AedyKTUMBHOroO dopmarnuvama MeXaHuKW, rae rfaBHOW aKCMOMOW
ABNSETCA NCeBAOEBKNMAOBA reOMeTpuUs Halero Mupa.

NunTepartypa

1 Hwukonaes [.B. JJIEKTPOOMHAMUWKA OU3NYECKOIO BAKYYMA Hosble
KoHuenuuun cmsunyeckoro mupa. N3ag-so HTJ1, 2004 r., 700 c.; 69un,

2Hwukonaes I.B. CoBpeMeHHas aneKkTpoanHaMmmnka n npuymnHbl eé
napagokcansHocTu / . B. Hukonaes. — Tomck: TBepabiHs, 2003. —149 c.
3 Hukonaes I.B. HenpoTtuBopeuunsas anektpoanHamuka. Teopun,

AKCMEPUMEHTHI, NapagoKkebl. Tomck, 1997

4 TomunuH A.K. O6o6wweHHas anektpoanHamuka. M.: « Tpuymd» 2020

5 Cnivpudes 0. A. 2026. [leayKTUBHbIN OpMannamM anekTpoanHaMuKK. YacTb 1.
PREPRINTS.RU. https://doi.org/10.24108/preprints-3115894



https://doi.org/10.24108/preprints-3115894

Cnupuyes KO.A. [leayKTUBHbIN hopMannam anekTpoanHammkn. Hactobl.
«Hay4Hbin xxypHan» Ne3 (78). 2026. PROBLEMS OF SCIENCE.
ttps://scientificmagazine.ru.

6 Cnupuyes HO. A. 2026. [leayKTnBHbIA hopManmam SNeKTpoaMHaMUKN. YacTb 2.
PREPRINTS.RU. https://doi.org/10.24108/preprints-3116209

7 TloryHoB A.A. AHpu NyaHkape n Teopust oTHocuTenbHocTn / A.A. JloryHos. - M.:
Hayka, 2004. 256 c.



https://doi.org/10.24108/preprints-3116209

NPUNOXEHUE
AKCUOMaTUUYeCKUN AeAYKTUBHbIN (hOpManum3m aneKTpoauHaAMUKK

YpasHeHWMA pasHoBeCcWA M
aasagy + agsagr + ﬂ}.saﬁr = ﬂ

INEKTPUYECHWX 3apAO 0B

B Wog+ 0,Wig=0

- NONEpEY Hbl e BOAHEI
- NONEpEY HO-NPOSOAEHE S BOHbI
- NPOAoAEHEIE BOMHE

YpasHe HWA IneKTpOMar
T3 3N COXPaHeHWA IHE pru- HWUTHBIE
T .=F_F Wmnyneca 3 CHAbI B
af ay” ¥E 3,31'::,3""3,3?:3 =0 cpeae
Tensop YpasHeHWA ABrseHWA MM
T - T _—
EHBDDBMH . HEMNpPAME HHOCTE aﬁ‘Fﬂﬁ + aﬁFﬂﬁ 0
Aparerin o SMM 85F ap + 8575 = J o
afy ¥t af F, 5= Be ,.q]g
BonHoske BonHosele
HauanbHan TOUKA YypasHe HMA M YpaBHEe HMA
BOpMANnHaMa - NONEpEY HbIE BOAHbI NACTHOCTH TOKE
- NONepeyHO-
McTouHug 30N Zne KTpamMar NP0 BHbIE BOAHE
NnoTHOCTE HWTHBIY - NPOOMMbHE 2 BONHE
"FTDHEL; NoTe HWMan
(24
YpasHe HMA COXpaHeHWMA
IHEPrUM-UMTYbCE
B3aMMOIE MCTBMA
MM W 4-ToKa
Toa=A4,+*
ap “ Lg 3INeKTPOMErHWTHEIE CHABI
l Faziaﬂ‘!aj"qﬁrﬁzztaﬁﬂa}'jﬁ
Tensop nons Tensop YpaBHe HWA pEBHOBE CMA
yCHopeun FNERTROMETHUTHEIX INEKTPOMErHWTHEIX CHA
SEPRASE cun BaF qgy +05Fqgy + 8,F g, =0
Ii'l"aﬁ = ﬂafﬁ Fogy =0,Tg, a’ afy gl agy ¥!agy
BonHOBLIE YPEBHEHMA
YpaEsHE HMA ABHHE HWA NAGTHOCTH 38pAL0E




