
PEl.(EH3lU1 

Ha MOHorpaqlHlO <1>. <1>. MeH,L{e np06JIeMbl COBpeMeHHOH CPH3HKH H nyrH HX peWeHHJI. 

YpaBHeHHe MaKCBeJIJIa ,lJ,JIH MaTepHaJIbHblX Cpe,lJ, B COBpeMeHHOM BH,IJ,e 6bIJIH 3aTIHCaHbI 

O. X3BHCaii,lJ,OM [1] B KOHue 19-ro BeKa (HH>Ke OHH npe,lJ,CTaBJIeHbI 6e3 BBe.lJ;eHIDI MarHHTHoro 

nOJIH H, KaK 3TO 6bIJIO npe.lJ;JIO>KeHO B [2]) 
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3.1J;eCb E H B IIOJIJI, KOTOPbIe CJIe.lJ;yeT onpe.lJ;eJIHTb H3 CHCTeMbI (1), a p H J IIJIOTHOCTH 

3apJl.lJ;a H TOKa, KOTopble HaXO.lJ;JlTCJI H3 ypaBHeHHH .lJ;BH>KeHHJI Cpe.lJ;bI B 1I0JIJlX E H B. 
BlIepBble peJIJlTHBHCTcKoe ypaBHeHHe .lJ;BH>KeHHJI 3apJl>KeHHOH lIaCTHUbI 3aTIHCaJI 

AIlyaHKape npHMepHO B TO>Ke caMoe BpeMJI [1], BBOM, TaK HaJblBaeMyro CHJIY JIopeHua 

dP - {- I [--J}=F=e E+- vB . (2)
dt c 

3.1J;eCb P HMlIyJIbC lIaCTHUbI, a v ee CKOpOCTb. BeJIHlIHHa c, cpHrypHpyIOIUaJI B (1) H (2) , 

.lJ;OJI>KHa 6bITb, COrJIaCHO npHHUHny CneUHaJIbHOH TeopHH OTHOCHTeJIbHOCTH (eTO) A 

IlyaHKape, o.lJ;Hoii H TOH >Ke. IlpHHuHII OTHOCHTeJIbHOCTH A TIyaHKape, CCPOPMHPOBaHHbIH HM B 

1904 ro.lJ;y [1], rJIaCHT: «JIIOfioe cpH3HlIecKoe ypaBHeHHe (B TOM lIHCJIe (1) H (2) - A.A P.) TOr.lJ;a 

H TOJIbKO TOr.lJ;a HMeeT OTHOllleHHe K .lJ;eiiCTBHTeJIbHOCTH, eCJIH OHO HHBapHaHTHO npH 

IIpeofipaJOBaHHJlX JIopeHua». KCTaTH, IIpeofipaJOBaHHJI JIopeHua TaK>Ke 6bIJIH 

CCPOPMYJIHpOBaHbI A IlyaHKape B 1901 ro.lJ;y [1], IIpHlIeM 6bIJIO 1I0KaJaHO, lITO ypaBHeHHJI (1) H 

(2) JIopeHU - HHBapHaHTHbI, eCJIH BeJIHlIHHa c COBna.naeT co CKOPOCTbIO, CPHrypHpyroIUeH B 

IIpe06paJoBaHHHx JIopeHua, H HaJBaHa 6bIJIa 3Ta CKOPOCTb, CKOPOCTbIO CBeTa. MO>KHO 

nOKaJaTb, liTO B CJIyqae BaKYYMa (T.e. IIpH p =J 0,) BeJIHlIHHa C JlBJIJleTCJI CKOPOCTbIO 

paClIpOCTpaHeHHH IIJIOCKHX 3JIeKTpOMarHHTHbIX BOJIH, IIpe.lJ;CTaBJIJlIOIUHX pellleHHe JIHHeHHOH 

CHCTeMbI (l) B BaKYYMe. 

TIepBbIM, KTO BOCIIOJIb30BaJICJI CHCTeMoii ypaBHeHHH (1) H (2) .IJ;JIJI OIIHCaHHJI 

3JIeKTpOMarHHTHbiX CBoiicTB MeTaJIJIOB B HallaJIe IIPOlllJIOro BeKa, 6bIJI X. JIopeHU [1]. TI03>Ke, 

It JIeHrMIOp C 1I0MOIIlhIO :noii >Ke CHCTeMbI OnHCaJI raJoByro nJIaJMY [1]. B TpH.IJ;t(aTble ro.lJ;bI 

IIPOlllJIOro CTOJIeTHJI CHCTeMoii ypaBHeHHii (I) H (2) BOCnOJIb30BaJICJI AA.BJIacoB, 

CCPOPMYJIHpOBaBIIIHii 3HaMeHHToe KHHeTHlIeCKOe ypaBHeHHe BJIaCOBa [1], onHChIBaIOIUee .......3JIeKTp0.lJ;HHaMHKY raJOB H3 3apH>KeHHblX lIaCTHU KaK HeBhlpO>K.lJ;eHHblX (raJoByro rIJIaJMY), TaK H 

Bblp0>K.lJ;eHHhlx (MeTaJIJIOB). B 1946 ypaBHeHHe BJIaCOBa cTporo, fihIJIO OfiOCHOBaHO 

HJ1.BoroJIIOfioBbIM [1] B cBoeii 3HaMeHHToii MOHorpacpHH «,[(HHaMHlIeCKHe MeTO.IJ;bI B 

CTaTHCTHlIeCKOH cpH3HKe»[3]. IlpaB.IJ;a, H OH BBeJI CHJIY JIopeHua, KOTOPaJI JlBJIJleTCJI IIpaBoii 

lIaCTbIO ypaBHeHHe (2), aKCHOMaTHlIeCKHH. 

ABTopy HaCTOJlIUeii MOHorpacpHH y.lJ;aJIOCh, HCXO.lJ;JI H3 OPHrHHaJIbHOH 3aTIHCH 3aKOHOB 

KYJIOHa H <l>apa.neJl, OfiocHoBaTb CHJIY JIopeHua H eCTeCTBeHHhIM 06paJOM BBeCTH ee B 

3JIeKTpO,L{HHaMHKY cpe,lJ" IIpe,lJ,CTaBJIHIOIIlHx cofioii H.IJ;eaJIhHble raJbl H CHCTeMbI 3apJl>KeHHblX 

lIaCTHU. B :)TOM COCTOHT ,L{OCTH>KeHHe aBTOpa Hero MOHorpacpHJI, 6e3YCJIOBHO, 6Y.lJ;eT C 

HHTepeCOM BCTpelleHa lIHTaTeJIHMH. 



BMeCTe C TeM, .SI XOlfY nOKaJaTb, lfTO BBe)leHHe B <peHOMeHOJIOrnlfeCKOH 

::meKTpO)lHHaMHKe O)lHOPO)lHbIX B npOCTpaHCTBe H CTaUHOHapHbIX BO BpeMeHH cpe)l nOIDITH.SI 

)lH3JIeKTpHlfeCKOH npOHHuaeMOCTH, KOTOpOe pe3KO KPHTHKYeTC1I B MOHOrpa<pHH, Bo06me He 

OCHOBaHO Ha CHJIe JIopeHua H 1IBJI1IeTC1I BnOJIHe eCTeCTBeHHbIM H 060CHOBaHHbIM. 

,neHCTBHTeJIbHO, ypaBHeHH.SI MaKCBeJIJIa (1) He 3aMKHYTO H CO)lepJICHT KpOMe nOJIeH TaIOKe 

nJIOTHOCTb TOKa (nJIOTHOCTb 3ap.Sl)la Bblpa)l(aeTC.SI lfepe3 nJIOTHOCTb TOKa C nOMOmbIO 

ypaBHeHH1I HenpepblBHOCTH (l ». ,nJI1I onpe)leJIeHH1I TOKa He06xo)lHMO 3HaHHe ypaBHeHHH 

)lHHaMHKH cpe)l B nOJI1IX E u B, T.e. He06xo)lRMO )lOnOJIHHTb CHCTeMY (1) MO)leJIbIO )lHHaMHKH 

Cpe)lbI. 113 )lHHaMHKH Cpe)lbI HaXO)lHTC1I CB1I3b Me)l()lY E(r,t) u J(r,/)(nOJIe B Bblpa)l(aeTC1I 

lfepe3 nOJIe E C nOMOIUbIO ypaBHeHH.SI MaKCBeJIJIa (1», T.e. HaxO)lHTC1I 3aKOH OMa 

J(r,t) =<'P(E(r ',I') (3) 

3aKOH OMa (3) (60JIee TOlfHO, ero CJIe)lyeT HaJblBaTb MaTepHaJIbHbIM YPaBHeHHeM) CJIOlKHoe 

onepaTOpHoe ypaBHeHHe. O)lHaKO B CJIYlfae O)lHOPO)lHOH B npocTPaHCTBe H cTauHoHapHoH BO 

BpeMeHH cpe)l B JIHHeHHOM npH6JIH)I(eHHH (T.e. B npe)leJIe CJIa6bIX nOJIeH) 6e3 orpaHHlfeHH1I 

06IUHOCTH, HO C YlfeTOM npHHUHna npHlfHHHOCTH (npHlfHHoH <PYHKUHeH 1IBJI1IeTC1I J ,a nOJIe 

E - CJIe)lCTBHe) MO)l(HO 3anHCaTb 

E,(r,/)= 
( 

Jdtt Jd;'<7~'(; ;',;t-tt)J;(;'J), (4) 
-00 

3)leCb TeH30p <7,7' (R, r) onpe)leJI1IeTC1I ypaBHeHHeM )lHHaMHKH Cpe)lbI. 

CHCTeMa (1) H (4) 06paJYIOT 3aMKHYTYIO JIHHeHH)'IO cHcTeMY HHTerpo­

)lH<p<pepeHUHaJIbHhlxypaBHeHHH C PaJHOCTHbIM 1I)lPOM B BR)le TeH30pHoH <PYHKUHH, pemeHHe 

KOTOPOH xopomo H3BeCTHO B MaTeMaTHKe [4]. B lfaCTHOCTH, na CHCTeMa )lOnycKaeT pemeHHe B 

BH)le nJIOCKOH MOHoxpoMaTHlfecKoH BOJIHbI £(;,,) E( co,k)e-iWl+ikr, me lc u cu CB1I3aHbI 

Me)l()lY C060H )lHCnepCHoHHhIM COOTHomeHHeM, npHBe)leHHbIM HR)I(e. ~ TaKHX pemeHHH 

CHCTeMa (1) H (4) CBO)lHTC1I K BH)lY 

-. 
k E( cu, k) =41!p(CU, k), cup +kJ =0, 

(5) 
--] cu - 41! - ­

[ kB =--E --J(cu,k), 
c c 

, - ­
r)le TeH30p 0',7 (cu, k) CB.SI3aH C TeH30pOM <7;7' (R, r) O)lHOCTOPOHHHM npe06paJoBaHHeM 

<'PYPbe 

(6) 


06paTHhIH TeH30py (6) TeH30p O'u(co,k) HaJblBaeTC.SI TeH30poM npOBO)lHMOCTH Cpe)lbl: 

BMecTo TOKa J (cu, k) MO)l(HO BBeCTH 3JIeKTpHlfecKYIO HH)lYKUHIO H TeH30p )lH3JIeKTPHlfecKOH 

npoHHuaeMocTH 

.. 
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(7) 

OrclO)la CJIe)lyeT TOJK,lJ,eCTBeHHM CBH3b MeJKY TeH30paMH 

(7a) 

B cJIyqae H301'pOllHOH H HerHp01'pOllHOH Cpe)lbI (llo.npo6Hee CM.[3]) 

(8) 


BeJIH'DIHhl 8'T ((j),k) H 8' ((j), k) Ha3blBaIOTCH, COOTBeTCTBeHHO, IlOllepe1ffioit H llPO)lOJIbHOit 

llpOHHuaeMOCUMH. 

ECJIH H301'pOllHOii Cpe)lbl BBeCTH MarHHTHOe IlOJIe H H :meKTpH1:JeCKYIO H MamHTHYIO 

llpOHHuaeMOCrn: \D' = 8 
0 ((j),k )EI H In = J.l((j),k):HI, TO JIerKO YCTaHaBJIHBaIOTCH CBH3H [3]: 

HaKOHeu, OTMeTHM, 1:JTO ypaBHeHHe (1) H (4) )lOIlYCKaIOT pemeHHH B BB.ne l1JIOCKOH BOJIHbl, eCJIH 

Bbll10JIHHeTCH YCJIOBHe pa3pemHMOcrn CHCTeMbl (3), ( TaK Ha3b1BaeMOe )lHCllepcHoHHoe 

cooTHomeHHe) [3]: 

A((j),k) = 2 (j)2 
=0k 8ij-k,kj -­2 Eij((j),k) 

C 

(I 0) 


(lOa) 

fIepBoe ypaBHeHHe • 3TO 3arrHCb CHCTeMbl (5) B TeH30pHOM BH)le, a BTopoe eCTb )lHCllepCHOHHoe 

COOTHOlIIeHHe. 

B CJIyqae H30TPOllHOH HerHp01'pOllHOii Cpe)lbl COOTHOllieHIDI (10) CBO,llHTCH K'BH,lly [3]: . . 

(11) 

[k' - ;: £"(m,k)J'!:~ x Ej= 0 .. 
(Ila)\8' ((j), k) =01 ' 

• 




B 3arrHCH ypaBHeHHH MaKCBeJIJIa qepe3 E H H 3Ta CHCTeMa npHHHMaeT BHJ( 

o - ­
8 (m,k)(kE) = 0, 

(12) 

[k' -;: e' (w,k )p(W, k)hhE] = 0 

(12a)[e' (w,k) =01, [k' - w' e' (w,k) p(W,klr =0 

BOT H BC.a: <peHoMeHOJIOmqeCKM JIHHeHHM 3JIeKTpO,L{HHaMHKa MaTepHaJIbHblX cpe,L{. OHa 

6e3ynpeqHa H ee KpHTHKa aBTopOM HaCTo.a:meH MOHorpaq>HH, C MoeH T01lKH 3peHH.a:, llJIO,L{ 

He,L{OpaJYMeHH.a:. OH no,L{ 3JIeKTpO,L{HHaMHKOH MarepHaJIbHblX cpe,L{ nOHHMaeT 3JIeKTpO,L{HHaMHKY 

KJIaCCHqeCKoro (HeBblp0iK,L{eHHoro) H XOJIO,L{Horo raJa C 06'be,L{HHeHHeM ,L{BYX qaCreH (no 

repMHHOJIOrHH aBTopa) 3JIeKTp0,L{HHaMHKH: CHCTeMbI ypaBHeHHH MaKCBeJIJIa H ,L{HHaMHKH 

Cpe,L{bI. IlPH nOM OH B TeopHlO nOCJIe,L{OBaTeJIbHO BBO,L{HT B CHJIY JIOpeHU;a, B OTJIHque OT 
X

,L{HHaMHqeCKOrO ypaBHeHH.a: llyaHKape (2), B KOTOPOH na CHJIa nocTYJIHpyeTc.a:. ) 

B 3aKJIlOqeHHe eme paJ xoqy nO,L{qepKHYTb, qTO peu;eH3HpyeMasI MOHorpaq,u.a: HMeeT 

npaBo Ha cymecTBoBaHHe H C yqeTOM BbIlDe H3JIOiKeHHOro qHTaTeJIb, 6e3YCJIOBHO, ou;eHHT ee 

nOJIOiKHTeJIbHO. 
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x) IlpaB,L{a, .a: CqHTalO, qTO 3JIeKTpHqeCKM qaCTb CHJIbI JIopeHu;a eCTb CJIe,L{CTBHe 

KYJIOHOBCKoro B3aHMO,L{eHCTBH.a: ,L{BYX 3apjJ)KeHHblX TeJI, KOr,L{a O,L{HO TeJIO C03,L{aeT nOJIe, a 

BTopoe TeJIO (HJIH qaCTHu;a C 3ap.a:,L{OM) B3aHMO,L{eHcTBYeT C 3THM nOJIeM. MarHHTHasI ee qaCTb 

CHJIbI JIopeHua .a:BJI.a:eTC.a: CJIe,L{CTBHeM CHJIbI AMnepa, KaK B3aHMO,L{eHCTBHe ,L{BHiK)'III;eHc.a: 

qaCTHUbI C MarHHTHoro nOJI.a: TOKa. 
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