[Ipo6ieMbl BOJTHOBOM 3JIEKTPOUHAMUKHU

Buxrop KYJIMI'UH, lNanuna KYJIMTTMHA, Mapus KOPHEBA
HccnemoBaTeabckas rpyIna «AHaan3»

AHHOTAIUSA:

B ocHOBe 3TOii CTAaTBU JIEXKUT OOHAPYKEHHOE aBTOPaMH HapyIIEHHE eIMHCTBEHHOCTH PELICHHS 3a1aul
Komn y1st BONHOBOTO ypaBHEHUsI. PaccMaTpuBaroTCs CieICTBYSA, BBITEKAIOLINE JUIS JIEKTPOJUHAMUKA U
TEOPHU OTHOCUTENILHOCTU. CTaThsi HOCUT MOIYJISAPHBIA, 0030pHBIN XapakTep U MOCBSIIEHA aHAIU3Y
HEKOTOPBIX 3acTapeliblX po0JIeM U NPOTUBOPEYHH B BOJIHOBOMH AJIEKTPOAMHAMUKE.

BBenenue

Ananuzupyst npo6sieMbl JEKTPOJIMHAMUKY U TPYAHOCTH, C KOTOPBIMU CTAJIKUBAETCA 3Ta
TEOpHsl, Mbl YK€ JaBHO MPUIUIH K 3aKJIIOUEHUIO, YTO MOJIS 3aPsI0B U 3JIEKTPOMarHUTHbIE
BOJIHBI UMEIOT PA3JIMUHbIe CBOWCTBA U JIOJIKHbI OMMCHIBATHCS PA3IMYHBIMKU yPaBHEHUSMHU.
Bosiee TOro, Ml IpUILIIK K 3aKJIIOYEHHUIO, YTO B3aUMOAEHCTBHSI MTHOBEHHOI'O XapaKTepa,
CBOWCTBEHHbIE MexaHuke HploToHa U sBistomuecs pemeHusMu ypaBHenus [lyaccona,
Hen30eXHbI B COBpeMeHHOM (u3uke. OTHAKO, 3TU BBIBOJIBI, XOTS U UMEJIU AOCTaTOYHO
cepbe3HOe 00OCHOBAaHUE, MOTJIM PACCMATPUBATHCS C TOUKHU 3PEHHSI COBPEMEHHBIX
npezctaBiaeHuit (Hanpumep, ¢ mosuiuu CTO) TOIBKO B KauecTBEe pabodeii THIMOTE3bl,
MPOTUBOpEYALel ITUM IpecTaBiaeHus M. CIUILIKOM MHOTO IPEAPacCyAKOB U

3201y ICHUH YKOPSHIIIOCH B COBPEMEHHOU (pr3HKe.

Haima Touka 3peHus moy4niia CymecTBEHHYIO MO IEP)KKY TOJIBKO TOTa, KOT/aa
00HAPYKHIIOCh, 4TO 3a1a4a Koru /1 BOJTHOBOTO ypaBHEHUS HE HMEET ¢AMHCTBEHHOTO
pemenwust [1], [2], [3], [4]. DTO M03BOIMIIO MOHATH U OOBICHUTH MHOTOC B COBPEMEHHOM
MEXaHHUKE M JJICKTPOINHAMHKE.

1. IIpsimoe peliieHre BOTHOBOT'O YPaBHEHUSI

CHayvaa MBI PaCCMOTpPUM JIBa BapHaHTa PEHICHUS BOJTHOBOTO YPaBHEHUS IS CKAISIPHOTO
MOTEHIIMAJIA MOJIsl PABHOMEPHO JBIDKYIIETOCS TOYSUHOTO 3apsana. Hauanvusie yciogus Ipu
TaKOM MOCTaHOBKE 3aJ[a4ll HECYIIECTBEHHBI, TOCKOJIBKY TIOJIS, ONpe/ersieMble
HaYaJbHBIMH YCIOBHUSMH, YIOBIETBOPSIOT 0OHOPOOHOM) BOIIHOBOMY YPaBHEHHUIO, T.€. OHU
HE UMEIOT HCTOYHUKOB. DTO HEOOXOAMMO HaM JUTS WILTIOCTPAIMY HAPYIICHUS
€IMHCTBEHHOCTH pelieHust. Mbl CpaBHUM 0COOCHHOCTH NPAMO20 peuleHus i
napannenvHozo (BToporo) pewierus. TepMUH «apauiebHOe» pelieHne OyaeT onpeieiicH
HaMH B ClIe/yIolieM naparpade. BekTopHbIil OTeHIMal Mbl paccMaTpuBaTh He OyJeM Juis
HKOHOMMHU MecTa. PeleHus a1t Hero MO>kHO MOJYYHUTh O aHAJIOTHH C PEIEHUSIMU 1S
CKaJIIpHOT'0 MOTEHLMAIA.

IIPAMOE PEIIEHUE. Kak n3BeCTHO, CKaISPHBINA TOTEeHIMAN f 1moJist 3apsiaa J1oJnKeH
YIIOBJICTBOPSITH BOJTHOBOMY ypaBHEHUIO (kannOpoBka JlopeHia).
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rae: f - ckansapHbIil HoTeHIMAN 0JIst 3apsiaa, d - aenapra GhyHkuus Jupaka, V— cKOpocTh
3apana.

Bynem cuutats, 4TO cKOpOCTh V mocTosiHHA. Kak n3BecTHO, ypaBHEeHUs1 MakcBenia He
OTHCHIBAIOT POXKJIEHUS OTAEIBLHOTO 3apaaa. Mbl OyieM npeanosarars, 4To 3apsj
CYIIECTBYET CKOJIb YTOIHO JOJIT0, & B CBOOOTHOM IMPOCTPAHCTBE HET MHBIX IOJIEH, KpoMe
noJs 3apsna. YToObl He eperpyKaTh CTaThI0 N3BECTHBIMU (POPMYJIaMH, MBI HE OyIeM
BBINMCHIBAThH PEIICHUE B SBHOM BHUJIE, a JHIIL 00cymuM ero. Kak BuaHo u3 puc. 1,
IKBHUIOTEHIIMAILHBIC MOBEPXHOCTH TOJISI CKAISIPHOTO TOTeHIMana f 1 npeacrasisier coboi
CEeMENCTBO chepruuecKux MOBEPXHOCTEH, HE UMEIOIUX OOIIEro IeHTpa. DTH HOBEPXHOCTH
n300pakeHsl U1t MoMeHTa Bpemenu t = 0.

Ecmu ObI 3apsi1 B TOT MOMEHT BPEMEHN MTHOBEHHO OCTaHOBWIICS, TO mpu t > 0 kapTuHa
10JIsl K3MEHUIIAch OBl TaK, KaK MOoKa3aHo Ha puc. 2. BHyTpu pacumpsitomieiics cdepst (R =
ct; t > 0) Mbl OOHAPYKHM CEMEIHCTBO IKBHITOTEHIMATBHBIX chep, MMEIOIIUX OOIIMI LIEHT.
Bre 3710i1 cdeprr kapTuHa ot Oyaet npexxneit. [Ipu r > ct sxBUNoOTeHIANbEHBIC
MMOBEPXHOCTU He OyIyT UMETh OOIIETO LEHTPa, Kak U panee. OHU «3aIIOMHUJIN» ABH)KEHUE
3apsizia 10 MOMEHTA OCTaHOBKH, T.€. TI0JIe, COXpaHsAeT HH()OPMAIIHIO O MPEIIICCTBYIOIIEM
JIBIKECHUH 3apsAJIa.

[Motenuman f 1 ectb npsimoe peuieniie BOITHOBOTO ypaBHEHHS, T.€. «3aIla3/(bIBAOLINI»
noteHnuan. Ero oTianunTesbHble IpU3HAKK clieayromnye. Bo-nepBbix, moreniuan f 1
3ama3/bIBaeT OTHOCUTEIFHO CBOCTO CTOYHHKA Ha BpeMsi t = r/C, rae I —pacCTosIHUE OT
MCTOYHHKA TIOJIS 10 TOYKH HaOmoaeHus A (puc. 2). B cumy 3Toro, Mexay 1BHKEHHEM
HMCTOYHMKA ITOJISI U OKBUIIOTEHITUAIIBHBIMA TOBEPXHOCTSIMA HET MTHOBEHHOM
CHHXPOHHOCTH. BO BTOPBIX, SKBUIIOTCHIHATBHBIC TIOBEPXHOCTH (I10JI€) COXPAHSIIOT BCHO
uH(pOpPMAIIKIO O IBUKECHHH 3apsijia OT MOMEHTaA ero «poxaeHus» (t ® - ¥) 1o MmomeHra
HabOmroeHus 1. 3ama3pIBaIOMINi TIOTSHIIMAN YaCTHIIBI COXPAHSET B «CBOCH MaMsTH» BCE
ee MepeMeIIeHNs B IPOILIOM B OyAeT MPOIOIDKATh «COXPAHSITH» BCE TO, YTO MPOHU30MIET
C YacTHUIeH B JanbHeWeM. 3ana3apIBalOLUIIM MOTEHIIAIaM OTBEYAIOT MOTEHIINAIIbI
JIrenapa-Buexepra, IUPOKO UCTIONB3YEMbIE B TEOPETUIECKOH (hr3nKe.

OOpatuMmcs Tenepp K OMMMCAHUIO TIOTEHIINANA B KyJOHOBCKON KaInOpPOBKeE.
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W3 npuBeieHHBIX ypaBHEHUI BUIHO, YTO CKAJSIPHBIA MOTSHIIUAT SIBJISIETCS MIHOBEHHO
JeHCTBYIOMIUM Botipeku CriernaibHOW TEOpUH OTHOCUTEIHHOCTH. OH YIOBIETBOPSET
ypaBHeHuIo [Tyaccona. UToOBI pa3pemuTh 3TO MPOTUBOPEUYHE, ABTOPHI HEKOTOPBIX
y4eOHUKOB YTBEPIKJIAIOT, UTO KYJIOHOBCKAs KAIMOPOBKA PACCMATPHUBACT JIC NOKOSAUUECS
3apsbl. A HEIOABIKHEIE 3apsAbl KaK Pa3 M IOJDKHBI OIMUCHIBATHCS KYJTOHOBCKAM
MOTeHIHaI0M!

Bynem paccyxnaTe JOrH4eCcKH NOCIEN0BATENBHO. ECIH 3apsiibl AEUCTBUTENBHO
HeNnooBUICHbL, TOTJIa KaK MOXKET CYIIECTBOBATh TOK, INIOTHOCTh KOTOPOTO paBHa | =I'V
(ypaBuenue (1.2))? Ecnu 3apsi/ipl HEMOABMKHBI (MOTEHIMAN f HE 3aBHCUT OT BPEMEHH),
TOT/Ia MO KaKOH MPUYMHE MOXKET MEHSATHCSI BO BPEMEHHU 3JICKTPHUYECKOE TI0JIe
HETIOIBIKHBIX 3apsiioB E = - gradf B ypaBuenuu (1.2)?



[TpuBeneHHOE “OOBSICHEHNE» IPEBPATIIOCH B 3aCTAPEIIBIA MPEAPACCYAO0K. Y UUTEIS
HaBS3BIBAIOT TAKOE OOBSICHEHHWE CBOMM YUYEHHUKaM, a T€ — CBOMM, U 3TO IIOBTOPSIETCA B
Ka)K0M IOKOJIeHU !

Mpl BUIUM, 4TO, BOOOIIIE TOBOPSI, CBOWCTBA CKAJSIPHOTO TIOTCHIIMANA B KYJIOHOBCKOM
KaauOpoBKe U B KannOpoBke JIopeHiia pa3nndHbl (OMUCHIBAIOTCS Pa3HBIMU YPABHEHHUSIMU).
OnHaKO B COBPEMEHHOM AJICKTPOIMHAMHKE OBITYET MHEHHE, OMTUPAIOIICECS HA meopemy O
CyUecmeo8aHuu U eOUHCMEEHHOCMU 80HOB020 YPABHEHUS, YTO KYJIOHOBCKasl KaTHOpOBKa
1 KanuOpoBka JIopeHIia SKBUBaJICHTHBI, IIOCKOJIbKY JI€ OHU JAI0T OJJMHAKOBBIC 3HAUCHHSI
JIEKTPUYECKOTO ¥ MATHUTHOTO TOJIS TIPU PEIICHUH 33124 dJICKTPOIMHAMUKH. DTa
SKBUBAJICHTHOCTh 3aKPEIUICHA, TaK HA3bIBAEMOM, epaduenmnoti (KaTnOpOBOYHOI)
uneapuarnmuocmvpio. Cae0BaTeIbHO, Mbl HATAJIKMBAEMCSI HA TIPOTUBOPEYUE. KAKUM
(3anazovisarowum unu MeHOBEHHO OelCmMEYIOWUM) QONHCEH OblMb CKAAPHBIL NOMEHYUAN?

Ms1 BepHEMes K 3To# npobiieme. Celiyac Mbl IPUBEIEM TAaOJIHILy, B KOTOPOi TPUBEICHBI
CpaBHUTEIbHBIC IPU3HAKH, OTINYAIOIINE MTHOBEHHO JACHCTBYIOIINE U 3ala3/IbIBAIOIINE
MTOTEHINAIBI.

Taéauna 1

CpaBHI/ITeHLHLIC XapaKTECPUCTUKHU 3amna3IbIBAOIIUX U MITHOBCHHO Z[CﬁCTByIOH_IPIX IIOTCHIIAJIOB
3ana3zovlearouiue nOMeHUUAIbL Meznoeenno deiicmeayroujue
Ilomenyuanot

1. ITotenmman B Touke HaOmonernst 1. [loTeHman nBKeTCS CHHXPOHHO
[P IBMKCHUH UCTOYHUKA CO CBOMM HCTOYHHKOM (6e3
3anazovieaem. 3ama3IbIBAHUE 3aBUCUT 3aNA30bI6AHUSL).

OT PacCTOSTHUS JJ0 HCTOYHHKA

MIOTEHIIAANA.

2. Ilone coxpansiem ungpopmayuro o 2. llone ne coxpansem ungopmayuu o

npeaAImeCTBYIOMEM IBXKXCHUN IpeAMCCTBYIOUIEM ABUKCHUN
HCTOYHHKA ITIOTCHIIHMAJIA. HCTOYHHKA IT10JIA.
3. HOTGHI_II/IaJ'I OIIMCBIBACTCA 3. HOTCHI_II/IaJ'I OITMCBIBACTCA

YPaBHEHUEM 2UnepOoIuiecko2o mund, ypaBHEHUEM JJLIUNMUYECKO20 mMund,
HanprMep, BOIHOBBIM YpaBHEHHEM  Hampumep, ypaBHeHueM [lyaccona
(mpsimoe periieHueE). (mpsimoe periieHuE).

2. [lapamnenbHoe penieHue

Mb1 HauHeM ¢ Bompoca TepMuHoaorud. B padorax [1], [2], [3], [4] Obu10 MOKa3aHo, 4TO
HOMHMO NPAMO20 peuieHisi BOJIJHOBOTO YPaBHEHUS CYIIECTBYET 6Mopoe peuleHue,
onpeIeIiEMOe BEIOOPOM KaTMOPOBKH BOJHOBOTO ypaBHEHUS . [1010GHBIX «BTOPBIX»
pELIEHHH CYIIECTBYET CUETHOE MHOKECTBO. [10 9TOM IPUYKHE BCE «BTOPBIE» PEIICHUS MbI
OyJleM Ha3BIBATh NAPALLEAbHBIMU PEUCHUAMU, T.€. PEIICHUSMH, KOTOPbIE CYIIECTBYIOT
HapajuiesbHO NPAMOMY PEULeHUIO.

HAPAJUIEJIBPHOE PEIIEHUE. TlokaxkeM Tenepp, 4TO NapaJlIebHOE PEIICHNE
ypaBHenus (1.1) MoxeT cofepiKaTh KaK 3ama3/iblBaroliye MOTCHIHANbI, TAK U MTHOBEHHO
aewctByromue. /st 3Toi menu Mbl OyeM uckath pemienue ypasaenus (1.1) B Bune



cymmbl 2= U+ W; re; U— MrHOBEHHO JCHCTBYIONIHMIA OTCHIIHA, @ W €CTh MPSIMOE
pelIeHrne HEKOTOPOTO BOJIHOBOTO YPABHEHUS.

VYpaBHEeHHI, KOTOPBIM MOXKET yJOBIETBOPATH MOTSHIIHAI U, MOXKHO BBIOpPATh CKOJIh
YrOAHO MHOTO. MBI BEIOEpEM ClIeAyIONICE.

Df - ———=- 8>d(x; y;z-vt) (2.2
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Taxoe ypaBHEHHE BBIOpAHO LIS yI0OCTBA MOCIIEIYIOMIETO aHAIN3A.

Vnpasicnenue 1. Kenatomue MoryTt BHIOpaTh JII000€ APyroe ypaBHEHHUE AUIHNTHIECKOro Trmna. OHU ToIydaT
Jpyroe pemeHue, OTINYalomeecs oT Hamero. Mbl MOkeM peKOMEHIO0BATh IJIsl Hayaja ypaBHEHHE
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Hcnonp3ys Beipaxkenue (2.2) st moTeHnuana U, Mbl OJAYYUM CIIEAYIOIIee ypaBHEHHE JIJIst
oTEeHIIMama W.
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(2.3)

3aMeTHM TOJbKO, uTO B cooTBeTcTBHH C [1], [2], [3], [4], MBI 6cec0a MoxeM mop00paTh
AJIsL W TaKue HavalbHbIe YCIOBHSI, 4TOOBI MapauiesibHoe peenue f o ynosnerBopsiio
3anaye Komm.

PaccmoTpum Teneps, uTo crneayer u3 ypaBHeHus it W. KoneuHo, Ham ciie1oBajio Obl
MpeX/ie HAlTH peleHre ypaBHEHUs A7 U, 3aTeM MOACTaBUTh PE3yJIbTaT B ypaBHEHUE IS
W U TOJIBKO 3aTeM aHanu3upoBath ypaBHenue (2.3). Ho mbl BbIOpanu ypaBHenue ajis U
TaKHM, YTOObI 000ITH 3Ty MOCIE10BATEIBHOCTD ONEpaLil.

[Tpeobpa3zyem mpaByro 4acTh YpaBHEHHsI, UCTIONB3YS YpaBHEHHE HETIPEPBIBHOCTH IS
HoTeHnuaznza u

Tu =-diwu=- vE (2.9
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[IpuMeHss IBaXKIIbl 3TOT pe3yabTaT KO BTOPON MIPOU3BOIHOM IO BPEMEHHM B PAaBOM YacCTH,
HOJIy4UM:
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(2.5)

Wrtak, npuHUMas BO BHUMaHKE pe3ynbTat (2.5), MbI MOXKeM 3amucaTh OKOHYATEIBHOE
BBIpa)KCHHE IS ONPEEICHUS TOTeHIMAIa W
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W3 nomyueHHOTo BBIpaXkKeHUsI CIIETyIOT UHTEPECHBIE Pe3yNIbTaThl. Bo-niepBbIX, 3apsij,
JBIKYIIAKCS C TIOCTOSTHHOM CKOPOCTBIO, HE CO3JaeT Mojel 3ama3ablBaloIInX
MOTEHIMAI0B. BO BTOPBIX, 3aps MOKET UX CO34aBaTh TOrJA U TOJIBKO TOT1a, KOTra OH
JIBUKETCSI YCKOPEHHO, T.€. IBUKETCS C IEPEMEHHON CKOPOCTBIO.



Te ke BBIKIaIKH MBI MOTJIH OBl TIPOJIENIATh | JJISI BEKTOPHOTO MOTEHIIMATA B KATHOPOBKE
Jlopenna. ITonyyeHHBIE BBIBOJBI BIIOJIHE COTIACYIOTCS C BEIBOJAMH COBPEMEHHOM
3JEKTPOINHAMUKH. TOJIBKO YCKOPEHHO ABHKYIIHNUCS 3apsi U3IIydaeT JIEKTPOMarHUTHYIO
BOJIHY. UTO KacaeTcst npoooibhbix 601, N3TYyIaeMBbIX 3apsAI0M U EPEHOCUMBIX
3aIa3/bIBAIOIINM CKaJIIPHBIM OTEHIMAJIOM, OHU OYAyT pacCMOTPEHBI IO3XKE.

VYnpaoswcnenue 2. TIycTb 3apsa paBHOMEPHO ABHKETCS 110 OKpYKHOCTH. Vicrionp3ys ypaBHeHHs MakcBeia B
kanuOpoBke JlopeHla HAUTH TaKOE napaiieibHoe peuieHie, B KOTOPOM 3apsi He H3IydaeT
JIEKTPOMArHUTHYIO SHEPTHIO.

Wrak, npu V = CONSt 3ama3apIBaroIye MOTSHIHAIbI OTCYTCTBYIOT U MOTEHIHAI f o= U
COJIEPXUT TOJIBKO MTHOBEHHO JIEUCTBYIOIIUNA KOMIIOHEHT.

PaccMoTrpum Tenepb ypaBHeHHE Ut IOTeHIana U. [Ipeobpasyem ypaBaeHue (2.2),
rcmonb3ys sameny Z = (z—vt)/(1-v2/c?)Y?

2 q2 2 2 2
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VYpasuenue (2.7) ecth ypaBHeHue [TyaccoHa isi MTHOBEHHO JCHCTBYOINIETO MOTEHIHAIA
u. OTcroa Bcero OJIMH IIar JI0 BbIBO/IA MpeoOpazoBanus JlopeHna. 3amnuiieM Tenepb
BhIpa)KEHHUE [T moTeHnuana f o,

f= 9 (2.9)
2 ape- VISP +y2) +(z- w)?

DTO peleHne XOpOoIlo U3BECTHO B PEISITUBHCTCKOMN dJeKTpoauHamuke. Ho 1mo n3BecTHrIM
NPUYMHAM €r0 TPAIUIMOHHO CYMTAIOT «3ara3abBatoium»(!), XOTs OHO OTBEYAET BCEM
NpU3HAKaM MTHOBEHHO JEHCTBYOLIEro pereHus (cM. Tabu. 1). «/lepopmarims»
MOBEPXHOCTEH paBHOTO IMOTEHITNAIA HE UTPAET 3/1€Ch POBHO HUKAKOH POJIIH.

Ortcrona cienyer BeChbMa BaKHbIH BbIBOA. Bonpeku noctynaTy o CyliecTBOBaHUU
npeoenvbHoU CKOPOCMU pACNPOCMPAHEHUs 83aUMOOeticmEull SIEKTPOTUHAMHUKA
(omuparoiasics Ha JOPEHII-KOBapUAHTHYIO (OpMY ypaBHEHHI MakcBesuia) IHUPOKO
UCHONB3YET MeHOGeH O Oeticmgyroujue IoTeHuansl. [IpeobpazoBanue JlopeHua, kak u
npeoOpa3oBanue ["amues, He MOXKeT «IpeoOpPa30BbIBATH» MTHOBEHHO JIEHCTBYIONIHIA
MOTEHIIMAJ B 3ana3/pIBatoliuii 1 o0patHo. CBOMCTBA 3ana30bieanus WA MCHOBEHHO20
6030eticmeusi COXPAHSIOTCS MOJIEM B JIF000N MHEPLUUATIbHOH (M HeMHEPIHAIbHOIT) cucTeMe
orcuera. OHU He 3aBUCST OT TOT0, KaKoe uHeliHoe aneebpauyeckoe Ipeodpa3oBaHue
KOOPJMHAT U BPEMEHU MBI UCIIOJIb3YEM.

B cnenyromiei pabote o mpodiaemMax KBa3UCTaATHICCKOM IEKTPOUHAMUKA MbI ITOKAXKEM,
9YTO MTHOBEHHOE B3aUMOICHUCTBUE NPUHYUNUAILHO HEOOXOOUMO COBPEMEHHOU (hU3HKe.

3. CKOpOCTh pacrnpoCTpaHEeHHs B3aUMOICHCTBUI

CrerasabHas TCOPHsT OTHOCUTEILHOCTH yKE TaBHO 3aBesia GU3uKy B Tymuk. He
CJIy4aitHO, YTO 3Ta TEOPHS C €€ MOJIOKESHUSIMH TIOIBEPTaIiCh U MMOIBEPraroTCs ceifuac
KECTKOM KPUTHKE CO CTOPOHBI 3IPABOMBICIISIIIINX YYCHBIX. MBI TOXKE IMOCTAPAINCh BHECTH
CBOM BKJaj B 910 zeno [5], [6], [7], [8]. Onun u3 comuutenpubix moctynatoB CTO —
MOCTYJIAT O CYIIECTBOBAHUU HPedenbHOU CKOPOCHIU PACAPOCMPAHEHUS 83AUMOOCUCMBUI.



TocTynar, Kak 6, A02uuecku BhITEKal u3 " penstusrcTckoro Muoxurens” (1 —v2/c?) ™2,
BXOJISIIIETO B 3HAMEHATEIb KOMIOHEHT MaTpuiibl Jlopenna. PaccMoTpum conepikanme
MIOCTYJIaTa O KOHEYHON CKOPOCTH PACIIpPOCTPAHEHMS B3aUMOACHCTBH.

YToOBbl MOHATH COAEPIKAHHUE ITOTO MOCTYJIAaTa, MBI IOJDKHBI OTBETHTh Ha HEKOTOPBIE
Bonpockl. UTo Takoe "83aumodeticmgue”? Kak u mouemy oHo "pacnpocmpansiemcs”?

[To HameMy MHEHHIO, B3aUMOJICHCTBHE €CTh Hpoyecc (HO He MaTepUalbHbIN 00beKT!),
KOTOPBIN MOKET 3aHUMATh OIPEACICHHYIO 001aCTh MPOCTpaHCcTBa (POCTHPATHCS) U
JUTUTHCSI KAKOW-TO IPOMEXKYTOK BpEMEHHU. A MOXKET Iu OBITh npoyecc, Hapumep,
B3aMMOJICHCTBUS JIBYX 3apsi0B MamepuaibHvim ob6vexmom? Ho Benp B moctynate
A.DiiHITeliHa peub UaeT He 00 M3MEHEHHH 00J1acTH, TJe MPOSBISIETCS B3aUMOJICHCTBHE,
He 00 MHTEHCUBHOCTH ATOT'O MPOIecca U HE O BPEMEHH €0 CyIIeCTBOBaHNs!

C SUHIITEHHOBCKOM TOUKH 3pEHUS B3AUMOJICHCTBUE 3TO «BONEUOOIbHBIU MAY>, ICTAOIINAN
OT O/IHOM KOMaH/Ibl K IpYyroil uepe3 ceTky. Ecnu aTo Tak, To Toraa ciemoBano Obl
OJIHO3HAYHO CBsI3aTh WIN OTOXKJECTBUTH B3aUMOJEICTBUE C HEKUM MAMEPUATLHBIM
00vexmoM U paccMaTpUBaTh UMEHHO e20 ckopocmb. Eciy B3auMoaencTBIe ecTh
MarepHaibHbIi 00BEKT (HaIpUMep, IEKTPOMArHUTHAS BOJIHA), TO HAPYIIASTCs
cummempus TIPY B3aUMOJICHCTBUHU TeJ U HapyILIaeTCsl IPUHLIUI 83aUMHOCIU OeliCNBUs.
(cummeTpust, npunyun pasencmea oeticmeusi npomusooeticmsuro u T.11.). Kakoe-To Teno
JIOJKHO HavaTh B3aUMOJICHCTBHUE nepsvim (KaK Y MAJIBIIICH: Kmo nepaulil Hauan opaky?)?
Bouee Toro, anekTpoMarHuTHas BOJIHA KaK MaTepHajbHbIM 0OBEKT cama B3aUMOJIEHCTBYET,
Hampumep, ¢ 3apsagoM. O Kakoi ckopocmu pacnpocmpanerus 83auMo0eticmauti Mbl
MoxkeM ropoputh? [IpoBepennast 200 1eTHUM ONBITOM BCsI KJITacCUYeCKast
(nepenstuBucTCKast) Gpusnka npomusopeyum NOAOOHBIM TIPEICTABICHHUSM O
B3aUMOJICUCTBHH.

HekoTopsie yueHbie, HOHHMAasi HEKOPPEKTHOCTh 3TOTO MOCTYJIATa, MbITAIUCH "'BBIIPABUTD
MOJIOKEHUE TyTeM N3MEHEHHUs! TepMHUHONIOTHH. OHH TIpeIarain HOBYIO (OPMYITUPOBKY
3TOro MOCTYJIaTa: MOCTYJIAT O CYLECTBOBAHUU IPEAEIBbHON CKOPOCTU pACNPOCMPAHEHUs
ungopmayuu. Ho Beqp mHPOpMALIUS €CTh COAEpIKaHUE, BEIPAKAEMOE C TOMOIIHIO
CHMBOJIOB [3BYKOBBIX, rpaduyeckux T.11.]. Bonee Toro, nepenaua nHpopmaiyu Beeraa
UJET OT reHepaTopa K NPUEMHHUKY, T.€. IMEET BCE Ty )K€ acuMMeTpuio. [1o aTol mpuunHe
"HM3MeHEeHHe HOMEHKIIATyphl HE OCTUTAET cBoel uenu. bes onpenenenus coaep:xanus
MOHATHSA * 63aumodeiicmeue’ mocTyyar o CyleCTBOBAHUN MTPEEIbHON CKOPOCTH
pacnpocTpaHeHus! B3auMOICHCTBUH MpeBpaaeTcsi B 0eccoiepKaTesIbHyI0 10TMY
(moctynat, He OTBEYAIOIINI CYIHOCTH (HU3UYECKHX SIBICHUIT U 3apaBoMy cMeiciy). Ho
PEJIATUBHUCTHI YIIOPHO U30ETaloT 1aTh CTPOroe gunocoghckoe ONpeieNeHUue ITOro MOHITHS.

B cooTBeTCTBHM CO CKa3aHHBIM BBIIIIE, HACTOATENLHOM 3a/1aueii CTall IeTalbHBINA aHaIn3
COJIEPIKAHUS NPULUHHO-CLEOCTNEEHHBIX OMHOUEHU W PEBU3US COAEPKAHMS TIPHIUHHO-
CIIEJICTBEHHBIX CBsi3el. JleTapHbIi aHamu3 oTHOIIEHNH n3noxen B [9] (cm. Taxske [10]).

4. IIpoonbHBIE BOJHBI B AJIEKTPOJINHAMUKE

I/ITaK, MBI IIOCTCIICHHO HAYWMHACM NIPUXOJAUTH K BBIBOAY, YTO IIOJIA 3apsiA0B U
QJICKTPOMAIrHUTHBIC BOJIHBI HE OJHO U TO KC. SHGKTpOMaFHI/ITHLIe BOJIHBI
pacnupoCTpaHArOTCA B IIPOCTPAHCTBE, «3a0BIB» 0 CBOEM HCTOYHHUKE. [Tomst 3apsaa0B UMCIOT
MI'HOBCHHO HeﬁCTBYIOHIHﬁ XapakTep. Onu Bcerja CBsI3aHbI C 3apsAa0OoM U OIIPECACIIAIOTCA



TOJIKO BEJIMYMHOM 3apsiia B CUCTEME OTCUETA, CBSI3AaHHOU C 3apsiioM. Bo3MOXHO, 3TH
TIOJISI UMEIOT OOIIYTO TIPUPOAY, HO 3Ta «IIPUPOJIa» MPOSBIIECTCS B IBYX Pa3IMIHBIX
dbopmax (3ama3apIBarOIINe H MITHOBEHHO JICHCTBYIOIINE TIOTCHITHAIIBI).

O6paTI/IMCH TCHCPDb K 3alla3AbIBaAlOIIEMy CKAJAPHOMY INOTCHIHAITY, KOTOpLIﬁ, corjiaCHoO
MOJIYYCHHBIM paHCC pC3yJibTaTaM, MOXKCT IIPU YCKOPCHHOM JABUKCHUHN U3JTYy4aTb S9HCPIrUlo,
NEPCHOCUMYIO CKAJIAPHBIM 3alla3IbIBAOIINM MTOTCHIUAJIOM. HNubiMu CJI0BaMH, OH MOXET
CO3aBaTh IMMOTOK SHCPIUU CKAJAPHOTO MOJIA, paCHpOCTpaHﬂIOHIHﬁCH CO CKOPOCTBIO CBETA.

Bynem paccMaTpuBath IS IPOCTOTHI ITOJIS H3yYEHHS, CO3/1aBaeMble YCKOPEHHBIM
3apsi7I0M, BJIaIH OT 3apsijia B CBOOOAHOM mpocTpaHcTBe. B paborax [2], [3], [4] 66110
MOKa3aHo, YTO B paMKax KaiuOpoBkH JIopeHIia CylecTByeT TpH BH/Ia MOTOKOB: 1Ba
MOTOKA MPOOJILHBIX BOJH M OJUH — MOMEPSYHBIX BOJIH. BhIpaskeHUs IS HUX MPUBEICHBI
B Ta0OI. 2.

Tabéauna 2

TIJIOTHOCTH TTOTOKOB U INIOTHOCTH SHCDFHﬁ, CO31aBaC€MbIX YCKOPCHHBIM 3apsA/10M

Tun notoka [ImoTHOCTE MOTOKA [InoTHOCTB 3HEpPTUH
[Tonepeunast BonHa 1A, 1 » L TA
BEKTOPHOT'O LT rotA,  w, = %[(rOtAJ +( qct )7]
MOTEHITAIA

[MpononeHas BoiHA _ O 19A, 1 . > TAL
BEKTOPHOTO Se = gy VA We =5 IdVA,)T ()
[IOTCHIMAIA

[posonbHAs BOJIHA o 9f _€ s, T
CKATAPHOTO S, =- eﬁ gradf W, = 5[(gradf) + (ﬁ) ]
MOTEHIATA

Onupasich Ha PUHLUI CYNIEPIO3ULMH, AT YA00CTBA Mbl UCKYCCTBEHHO pa3iesuiin
BEKTOPHBIN MOTEHIMAJI A Ha B2 HE3aBUCUMBIX KOMIIOHEHTA: BUXPEBasi COCTABIISIOIIAS
BekTOpHOrO noteHimana A (divA; = 0) u Ge3BuxpeBast coctapisiromast Az (rotA, =0).
Urak, B kamuOpoBke Jlopenna ypaBaeHuii MakcBeIa MOTYT CYIIECTBOBATh TPH ITOTOKA
sHepruu. M3 HUX 0JuH — nmonepeyHas BOJHa, a ABa IPYTUX — IPOJOJIbHBIEC BOJIHBI.

B ornmune ot kanubpoBku JlopeHa KyJI0HOBCKast KaTMOPOBKA OMHCHIBAET TOJIBKO OJIHY
MIOTIEPEYHYIO SJICKTPOMAarHUTHYIO BOJHY. OHA HE MPeICKa3bIBACT MOSBICHUE MPOIOIBHBIX
BOJIH, TIOCKOJIBKY COJICPYKUT TOJIBKO OJIHO BOJTHOBOE ypaBHEHHUE sl A = A1 (CM.
Beipaxkenue (1.2)). [Tomumo 3TOr0, MPOI0IbHBIC BOJHBI B AJIEKTPOIUHAMHUKE HE OBLTH
OOHapyKEHBI KCIIEPUMEHTAIBHO, XOTS 110 MOPSAAKY BEIMIHHBI UX TUIOTHOCTH TIOTOKA U
TUIOTHOCTH DHEPTUH JOJDKHBI OBITh COUsMepuMbl C TUIOTHOCTBIO YHEPTUH U TUIOTHOCTHIO
MOTOKA TTOTIEPEYHOM AIIEKTPOMAarHUTHOM BOJTHBI. VIHBapHaHTHBI JIN KyJIOHOBCKast
KannOpoBKa U kanuOpoBka JlopeHma?

Yro6Bl YCTPaHUTH IPOTHBOPEYHE M COXPAHUTH HHBAPHAHTHOCTb, €CTECTBEHHO OBLIO
[PEIIOIOKAT, YTO TUIOTHOCTH MOTOKOB S 1 S5 @ TakKe IUIOTHOCTH SHEPTH Wy U W3
JIOJDKHBI B3aUMHO KOMITEHCHPOBATH JIPYT JIpyra, XOTs Obl Ha OeCKOHEYHOCTH. B paborax
[2], [3], [4] MBI uccenoBamy STOT BapHaHT. BbIJIO YCTAHOBJIEHO, YTO [T KOMITEHCAITUH
3TUX MOTOKOB Ha OECKOHEYHOCTH JIOCTATOYHO BBIMOJIHEHHUE JIBYX YCIOBUI: S = - Sy Wa
= - W3. DTH YCIIOBHSI PEATM3YIOTCS TOT/Ia M TOJILKO TOT/IA, KOT/Ia CIPaBEIUBO CIEAYIOIIEe
BBIPKEHUE.
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rae. E|_ — [OpoAo0JIbHas COCTAaBJIAIOIIAA SJICKTPUICCKOT'O TTOJIA.

K cuacTthio, B KJIACCHUYECCKOM SJICKTPOIMHAMUKE 3TO YCIOBHE BCET A BBIMOIHICTCS
6maromapst ypaBaeHuto cBsi3u divA, +1f /ﬂ(czt) = 0. Utak, mpo0JbHbIe BOJIHBI B paMKax
JIBYX PacCMaTPUBAEMBIX KAJIHOPOBOK OTCYTCTBYIOT. DTH BOJIHBI HE TIEPEHOCAT YHEPTHIO
AIIEKTPOMArHUTHOTO 1mojist. [IpoGiieMa pa3sHOPOIHOTO OMKMCAHMS TIOJIEH B KAMKAX JBYX
KaInOpOBOK, Ka3ajock Obl, penieHa. Ho kakoii meHoi 3To nocturuyro? - [ImoTHOCTH
SHEPTHH TIOJIS CKAISAPHOTO MOTEHIMANA U ITIOTHOCTH MOTOKA SHEPIHH CKAISPHOTO MOJISI
JOJIKHBI OBITH OMpUYaAmMenbHbIMU.

Pemrenue ogHO# poOIEMBI TOPOIMIIO APYTYIO. ITO MpobdIeMa dIeKTPOMAarHUTHON MacChl
3apspKEHHOM JacTHIBL. B paMKax KyJTOHOBCKOW KaTHOPOBKH JIEKTPOMAarHUTHAsI Macca
3apsina nonoocumensra. Kannbposka JlopeHla cBUIETENbCTBYET O TOM, UTO
ANMEKTPOMArHUTHAS Macca 3apsija I0JDKHA UMETh ompuyamenvhuiil 3HaK (!). A 3TOT BbIBOJ
IIPOTUBOPEYUT BCEH NIEKTPOCTATUKE, ONUCHIBAIONIEH B3aUMOIEHCTBUE TOYEUHBIX 3aps/I0B.

B Ttex xe paborax [uIsi MOATBEPKACHUS ATOr0 BHIBOJA Mbl IPOAHATM3UPOBAIN TEH30D
SHEPTUU-UMITYJIbCA JIEKTPOMAarHUTHOTO TOJIs. AHAIU3 IPUBEI K TOMY e 3aKJI04eHno. B
pamkax JlopeHn-koBapuaHTHOW (POPMYITHPOBKH ypaBHEHUH MaKcBesuia SHEPTHS OIS
CKaJISIPHOTO MOTEHIMANIA T0JIKHA ObITh OMpuyamenbHoOu.

MBI ye Havaju MPUBLIKATh, YTO B OOIIEM Cllydae Kaltubposounas uHeapuaHmmnocms, T.e.
HE3aBUCHMOCTD PELIeHUs ypaBHEeHU MakcBeiia oT BeIOopa KaauOpoBKH, HE UMEET
MecTa. DTO OOBACHAETCS TEM, YTO BOJIHOBOE YpPaBHEHHE HE UMEET €AMHCTBEHHOTO
pewenust. Ho Beib B COBpeMEHHOM 3JIEKTPOIMHAMUKE UMEETCSI CIIeMaIbHOE
JI0Ka3aTebCTBO («IPpaJiueHTHAS HHBAPHAHTHOCTB») HHBAPUAHTHOCTH KaJTHOPOBOK
Jlopenmna u Kynona. Tak uMeeT i MECTO epaduenmuas UHEapuaAHmMHOCMs Ha CaMOM JIeje
WJIN 7K€ J0KA3aTeNIbCTBO 3TOM HHBAPUAHTHOCTHU COIEPKUT OIIUOKY?

5. I'panieHTHAss MTHBAPUAHTHOCTD

YuraTenu, Mbl HajieeMcsl, yxke yOeAUIUCh, 4TO B 00ILEM cllydae U3 KyJOHOBCKOM
KaJMOpOBKU HE BCerja cielyloT BbIBO/bI, COBNAAOINE C BBIBOJAMH, BHITEKAIOLIMMHU U3
kanuOpoBku JlopeHua. beiiio Ob1 Hepa3yMHbBIM IPUHUMATh BCEPbe3, 0€3 MPOBEPKU U
aHaJn3a BbIBOJI 00 MHBApPUAHTHOCTHU 3TUX KaTMOPOBOK.

Takoit ananu3 Obu1 cienan B padotax [2], [3], [4]. Oka3zanocsk, 4To B 00IIEM Cllydae 3TH
KauOpOBKHU pa3nuyHbl. OHAKO OBLIO HAWICHO YCIOBHE, ITPU KOTOPOM OHH MOTYT JIaTh
9KBUBAJICHTHOE OMMCAHUE DIICKTPOMArHUTHBIX SBICHUN. DTO yCIOBHE MOKHO
chopMyIupoBaTh CICTYIOUIIM 00pa3oMm.

Kynonosckas kanubpoexa u kaiubposka Jlopenya uneapuanmusl mozoa u moabko mozod,
K020a 08a YpasHeHUs COBMeCTHbL.
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Bo3moskHO 11 910? Perenne ypaBuenus (5.1) ecTh MTHOBEHHO JSHCTBYIOIINI MOTSHIINAT,
a pemenue ypasaeHus (5.2) — 3ama3apIBaroOIIUii TOTCHIMAT, HE UMEIOINN HCTOYHUKOB.
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Kakum 00pazoM ckalsipHbIil oTeHIUA  MOXKET yJOBIETBOPSATH ABYM 3TUM yPaBHEHUSM
OJIHOBPEMEHHO?

Pemrenue sToii mpoGieMbl BaXKHO 10 MHOTHM ITpudrHaM. Ha ocHOBe TpaineHTHOM
WHBapUAHTHOCTHU B KJIACCHYECKOU DIIEKTPOJINHAMUKE U B KBAHTOBOH 3JIEKTPOJHMHAMHIKE
OBLIO MOJTyYeHO MHOTO PE3YJIbTAaTOB, TOATBEPKICHHBIX SKCIIEPUMEHTOM. MOKHO CKa3aTh,
YTO KBAaHTOBAs JIEKTPOANHAMHKA ITOCTPOSHA HA STOW MHBAPUAHTHOCTH. BOT mouemy
MOMCK ycloBusi coBMecTHOCTH ypaBHeHui (5.1) u (5.2) Ham npencrassics
HEO0XOIUMBIM.

PemeHHe, KOTOpOG MBI TaK J0JITO UCKAJIU, OKA3aJI0Ch HpOCTBIM. ECJ‘II/I IIJIOTHOCTH
MPOCTPAHCTBEHHOTO 3apsaaa I YAOBIECTBOPSIET 0OHOPOOHOMY BOAHOBOMY YPABHEHUIO
2
19°r
2 2
c”
TOorga ypaBHCHUA OKa3bIBAKOTCA coemecmHbiMU, 1 UMECT MECTO 2pa0ueHmHaﬂ
MH@apuaHWlHOCIHb.

=0, (5.3

®du3nYeCcKH ITO 03HAYAECT, YTO B MPOBOOHUKAX (Cpeax) MOMUMO MHEPIHATbHBIX
AIIEKTPOHOB MPOBOJMMOCTH JOJDKHBI CYIIECTBOBATH TAKXKE 3aps0bl U MOKU,
MePEMEINAIOINECs CO CKOPOCThIO cBeTa. OUeBUIHO, TAKUE 3apsAbl U TOKU JOJDKHBI HIMETh
Maccy MOKOsl, paBHYIO HyI0. CyIIecTBOBaHNE HX TTOATBEPKAACTCS HATNIHEM
MOBEPXHOCTHBIX 3aps/I0B H TOKOB, KOTOPBIE BOZHUKAIOT IPH PACIIPOCTPAaHEHUT
AIIEKTPOMAarHUTHOM BOJIHBI B BOJIHOBOJIaX, KOAKCHAIIBHBIX JIMHUAX U T.1. Ho KakoBa mx
npupoa?

MoskHo npennonoxuts, [11], [12] uro Takue 3apsiibl €CTh AMEKTPOHBI IIPOBOAUMOCTH,
«TI0TEpPSIBILIUE» 10 KAKOW-TO NPUYMHE CBOM MHEpLUAJIbHbIE CBONCTBA. MOXKHO
MPENONI0XKNTh, YTO MHEPLUAJIbHBIE YaCTHUIIBI OKPYKEHBI «XOPOBOJIOM>» O€3UHEPIIHATbHbBIX
3aps10B. B mpoBoHMKaX 00pa3yroTcs ycaoBHUs, TO3BOJISIOIINE 3TUM
«Oe3uHepLHaIbHBIM 3apsaM MepeMeIaTbes CO CKOPOCThIO CBeTa. MOKHO
MPEONI0XKNTh, YTO MHEPLIUAIbHBIE YaCTHUIIBI OKPYKEHbl HEKHM I10JIEM, BO3MYIIIEHUS
KOTOPOT'O pacipoCTPaHSIOTCS CO CKOPOCTBIO CBETA M BOCIIPUHUMAIOTCSI KaK 3apsifibl,
MepEeMEIAIOIINECS CO CKOPOCTBIO €. 37eCh MbI He Oy/1eM 00CyX1aTh JOCTOUHCTBA U
HEJIOCTAaTKU TOH WM WHON TUTIOTE3bI. DTO CIIeUaNIbHAs TpodIema.

3aKITII0UECHHE

Kpusuc ¢puzuku Ha pyoexe 19-20 BeKoB ciiomMan «KJIacCHUECKHE MPEJICTABICHUS» O MUPE
Y BBEJI HOBbIC IOHSTHUS U TIPUHIMIIBL. DTH IPUHIHIIEI OITUPATUCH HE HA 3[PaBBIi CMBICI, a
Ha éepy B IPAaBUIILHOCTb TUIOTE3, BBABUTAEMBIX YUEHBIMH TOTO BpeMeHH. YacTHbIe
yCIeXH YKpeIWiIn 3Ty Bepy. [I0CKOIbKYy MHOTHE TOJIOKEHUS HOBBIX MPEJCTaBICHUN
NPOTUBOPEUMIH 30PABOMY CMBICIY U JI02UKe, ITH TIPSICTABICHHS MOTJIH ACPKATHCS
TOJILKO Ha a0CONIOTH3aLMH HOBOW (DM3HKH, HA )KECTKOM MOAABICHUH MHAKOMBICIIHS B
HayKe, T.€. Ha JIOTMaTH3Me.

®unocodus Gpusuky, OKkazasiasics B Haubosee rIry00KOM KpH3HCe, TaK U He CMOTJIa
MoaHAThCs Ha HorH. OHa Obu1a pa3aaBneHa Gusukamu. Ceitvac punocodust pusnku
BJIAYHMT Kasikoe cymectBoBanue [13], [14].



Ho ¢wmsukum He Tombko 3anaBmnn punocoduto. OHM M3rHAIN MaTEMaTHIECKYIO CTPOTOCTh
13 CBOMX (PM3MYECKHUX MCCIIeJOBAaHMM, OYKBaJIbHO “BapBapCKU~ HCIOIb3Ys MAaTEMAaTHKY.
MoxHO ObLTO OBl MPUBECTH HEMAJIO MPHUMEPOB HAPYIICHUSI OCHOB MAaTEeMAaTHKH (pH3UKaMHU.
Hanpumep, persmusucmekuii éapuayuonnwiii npunyun aekoppexred [15], [16], [17]. B
HEKOTOPBIX CIydasix «00pe3atoTcs» pacXodsuecs psbl, UCIIOIb3YIOTCS HEPaBOMEPHBIE
OIepaLuK € PACXOASLIMMUCS UHTETpajlaMH U T.1.

B pesynbrate, B pu3nKe HAKOMHIOCH OOJIBIIOE YUCIO THOCEOIOTHIECKUX OMHOOK
MaTeMaTHYECKN HEKOPPEKTHBIX pe3ynbTaToB. OHU MPHUBEIN K HEPAaBOMEPHOH
MHTEpHpeTanny (U3MYeCKUX SBICHUH, K TapaJoKcaM U BHYTPEHHHM JIOTUIECKAM
MIPOTHBOPEYHSAM B TEOPUSIX. BCAKME MTONBITKY BHIPBATHCS U3 HAKATAHHOM «KOJIEH»
paccMaTpUBAIOTCS JOTMAaTUKAMH KaK IMOKYIICHNE Ha HAYKY.

OOBIYHO UCCTIeIOBATEINb, CTAIKUBASICH C TIPOTUBOPEYNEM, BBIIBUTAET THIIOTE3Y,
MO3BOJISIIONLYI0, Ha €r0 B3I, HAUTH perieHue mpoodiaembl. Mbl HajieeMcs, YUTaTelb yKe
3aMeTHJI, YTO Halll MeTOJ MHOW. MBI uccneyeM npobiaemy, YToObI TOKOMaThes J0 €€ CYTH.
ITomMuMO 3TOrO, MBI CTapaJINCh COXPAHUTH 0€3 U3MEHEHUI BCE TO, YTO MOATBEPKACHO
HKCIEPUMEHTOM, U BHOCUTh TOJIKO T€ U3MEHEHUs, KOTOpbIe TpeOyeT JIOTHKa, TEOpUs
MO3HAHUS U MaTeMaTHUYECKasi KOPPEKTHOCTh Pe3ybTaToB. Pe3ynbTaThl, NpuBEICHHBIE B
9TOI 0030pHOI1 paboTe He runoresbl. MiTak, Mbl yCTaHOBUIIM CJIEYIOIIEE.

1. BoaHOBOE ypaBHEHHE HE UMEET €AMHCTBEHHOTO perieHus. [lomumo npamozco pewenus
CYUIECTBYIOT napaiienbHsle peulerus. IT0 BeleT K He00X0AUMOCTH THIATEILHOTO
aHaJIM3a peleHN U X 0O00CHOBAaHHON MHTEPIPETAIUH.

2. MBbl yCTaHOBWIIM, YTO MTHOBEHHOE B3aUMOJECHCTBIE UMEET MECTO B paMKax
PENATUBUCTCKUX TpencTaBIeHnid. OTBepraTh 3TOT (hakT OECCMBICICHHO.

3. U3 ckazaHHOTrO BBILIE CIEAYET, UTO MOCTYJIAT O CYUeCcmB8O8aAHUU NPEOENbHO
CKOpOCMU paCnpoCmpanenust 63aumooelcmeutl — mycroe nousirue (mousitue 6e3
coziepKaHus 1 0e3 CMbICTa).

4. MpI [0Ka3any, 4To B paMKax KanuOpoBkH JIopeHiia Mpo1obHbIe BOJIHBI HE IEPEHOCST
sHepruro. TeM caMbIM, MBI COJIM3UIN ONMCAHUE AIICKTPOMArHUTHBIX MOJIEH B paMKax
JIByX KaTuOpPOBOK.

5. MBI HalwIM yCIOBUE, IPU KOTOPOM epaoueHmHAs UHBAPUAHMHOCMb UMEET MECTO. DTO
yCIIOBHE HAKJIAJBIBACT OINPE/ICIICHHBIC OTPAaHNYCHUS Ha ypaBHEHUsT MakcBesuia. Toku
¥ 3apsIbl B YpaBHEHHSIX MakcBemia TOJHKHBI ObITh O€3MHEPIIHaIbHBIMH.

6. CymecTBoBaHNE OE3MHEPIHATBHBIX 3aPSAI0B U TOKOB B IPOBOJHUKAX HE OTBEPracT
HaJIM4us B HUX UHEPLUUOHHBIX JIEKTPOHOB IIPOBOAUMOCTH. CyIlIECTBYIOT U T€, U
IpyTHe.

Ot BBIBObI O0OBEKTUBHEI U JokazarenabHbl. Ecnu oHn IIPOTUBOPECYAT DKCIEPUMEHTY, TO
NPpUACTCA MCHATD HC HX, a4 ICPCCMATPHUBATD UCXOJHBIC YPABHCHHA MakcBenia 1 OCHOBBI
QJICKTPOJAUHAMUKH. s IMOJIYYCHHBIX PE3YyJIbTATOB CIICAYCT:

— TlockonbKy ypaBHEeHHsS MakcBesia MOT'YT HCIIOJIb30BATHCS MOIbKO JUIS
Oe3MHepLUUabHBIX 3apsAI0B U TOKOB, KBA3UCTATUYECKUE SIBICHUSI JOJKHBI
OIUCBIBATBCS C80UMU YPABHEHUSIMMU.

— IIpeoGpazoBanue JlopeHia He UMEET 6ceodujeco MPUMEHEHHS U HEOOXOJUMO
OTIPENIeJIUTH TPAHUIIBI MPUMEHUMOCTH TOTO TpeodpasoBanus. boiee Toro,
Heo0XoIuMa peBU3HsI HHTEPIPETALNU 3TUX peoOdpa3oBaHuil U 0TKa3 oT CrienuaibHON
TEOPHH OTHOCUTEIILHOCTH.

— HeoOxoaumo pemuTs MpodiaemMy Npupoibl 6e3MHEpUHAIbHBIX 3apsAI0B U MPodieMy X
B3aUMOJICHCTBUS C UHEPLUOHHBIMH JIEKTPOHAMHU U 3JIEKTPOMArHUTHON BOJIHOI.



VYpaBHeHue 1151 Oe3nHEpLIUaIbHBIX 3apsiaoB (5.3) He UMeeT UCTOYHHKOB. Buaumo
HacTaJla He00XOAMMOCTh JIOOIIPEAEICHNS 3TOTO YPaBHEHUS. 3[IECh Mbl «BPE3aEMCSI» B
007acTb JeHCTBUS KBAHTOBBIX TeOpUil. MOXKHO HAJIEATHCS, YTO TENEPh MOSIBUIUCH
CEpbE3HbIE NIPEIIOCHUIKY VIS IEPEOCMBICIEHHS SBJIEHUI B paMKaX KBaHTOBBIX TEOPUI
U IIEPEOCMBICIIEHUS OCHOB 3TUX TEOPHUH.
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