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YcTaHOBIIEHO, YTO B KJIACCUYECKOM AJIEKTPOAUHAMUKE
[PH BBIMOJTHEHHH KanuOpoBKHU JIOpeHIa CyIIEeCTBYIOT
peLICHHs B BU/C BOJH CKASIPHOTO U BEKTOPHOTO
MOTEHIIMANIA TIPH HYJIEBOM MarHUTHOM U 3JICKTPUIESCKOM
nose. [TokazaHo, YTO BOJHBI CKAJSIPHOTO U BEKTOPHOTO
MOTEHIIMAIa MOTYT B3aHMOJICHICTBOBATH C BEIICCTBOM,
BBI3bIBAsl HOHU3AIMIO aTOMOB M MOJICKYJI. YKa3aHa
AHAJIOTHUSI CKAJIIPHBIX BOJIH B JICKTPOIMHAMHUKE H
3BYKOBBIX BOJIH B ra3oquHaMuke. [IpemioxxeHo
TEXHUYECKOE MPUMEHEHHUE BOJIH CKAIIIPHOTO U
BEKTOPHOTO MOTEHITNAJIAa aHATOTUIHOE aKyCTUICCKUM
BosHaM. OOCYXIAIOTCS NEKTPOTSXHUICCKUE
YCTPOWCTBA, CIIOCOOHBIC TCHEPUPOBATH U MIPUHUMATH
CKAJISIPHBIC BOJIHBI
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It is established that in the classicd electrodynamics with
Lorenz gauge there are solutionsin the form of waves of
scalar and vector potential at zero magnetic and electric
field. It is shown that wave scalar and vector potential
can interact with the substance, causing ionization of the
atoms and mol ecules. The analogue of scaar wavesin
electrodynamics and sound waves in gas dynamicsis
discussed. Proposed technical application of the waves
of scaar and vector potential similar to acoustic waves.
Discusses Teslainvented electrica device capable of
generating and receiving scalar waves
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moJry4yuBIIasa

pa3ButHe B Tpynax Ammepa [1], Makcsemna [2], Jlopenna [3] u apyrux, onupaercs

Ha MCXaHUYCCKYIO aHAJIOTUIO, ITO3BOJIAIOIMIYIO PpACIIPOCTPAHUTD 3dKOHBI MCXAaHUKU

HrroTrona u HarpaHn(a Ha IBHMXKXCHHC TCJI, HaxOoAAIIUXCA I10J BIUAHUEM CHII

3JIEKTPOMArHUTHON MPUPOAbI. 3HAUUTENBHBIN yCIIeX Teopur MakcBeIl1a m03BOJINI

CO31aTh KIACCUYCCKYIO U KBAHTOBYIO TCOPHIO I10JIA, B KOTOpOfI QJICKTPOMArouTHOC

mojJac¢ MW IO OJICMCHTAPHBIX YACTHUIL[ BBICTYIIAIOT KaK CaMOCTOATCIILHBIC

CY6CTaHHI/II/I, HaACJIICHHBIC HGKOTOPOfI MaTCpUAJIIbBHOCTBIO.
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Pa3Butre COBpPEMEHHON DIIEKTPOIHEPIETUKHA HEPA3pbIBHO CBS3aHO C
METOAaMH IepeJayu 3JIEKTPUYECTBA C HCIIOJIb30BAHUEM IIPOBOJHHMKOB TOKA.
Awmrnep [1] mepBbIM BBIABHHYJ THUIOTE3y, YTO JJICKTPUYCCKHHA TOK OOpa3yroT
YaCTHULbI MTOJIOKUTEIBHOTO U OTPULIATENILHOTO JIEKTPUUECTBA, KOTOPbIE IBUXKYTCS
B IMPOBOJHHMKAX MOJ BIMUSHUEM 3JICKTPOABIKYIICH cwibl. Tecna [4-5], myTem
MHOTOYMCIIEHHBIX JKCIIEPUMEHTOB YCTAaHOBHJI, 4YTO 3eMHas atmocdepa Mpu
OTPENICTICHHBIX YCJOBUSX SBISETCS XOPOLIUM IMPOBOJAHUKOM TOKa U, YTO
ANEKTPUUECKYIO SHEPTUI0O MOXKHO TepeaaBaTh MO BO3IYXY C MOMOIIBIO CKAISAPHBIX
IPOJOJBHBIX BOJH. DTOT SKCIEPUMEHTAIbHBIA (DAaKT HAXOAUTCA B KaxylIeMcs
IPOTUBOPEUMHU ¢ Teopueil MakcBesuia [2] , KOTOpBIM Hpernonarai, 4To U B €ro
TEOpHUH, U B MPUPOJIC, BO3MOKHBI MOMEPEYHBIE AJICKTPOMATHUTHBIE BOJHBI, TOT/AA
KaK «HayKH O€CCHUIIbHBI, KOTJ]a K HUM 00paIlaloTcs ¢ BOIPOCOM O MOJTBEPKICHUU

WJIM OTPUIIAHWH CYIIIECTBOBAHHUS MIPOIOJILHBIX KOJICOaHUI» [6)].

['unore3a MakcBesuia jierya B OCHOBY TEOPHUH 3JIEKTPOMAarHUTHBIX SIBJICHUH,
B KOTOPOM IMOMNEPEYHbIE BOJHBI CUUTAIOTCS OCHOBHBIM BHJIOM 3JIEKTPOMArHUTHON
marepuu [7]. OpHako 9Ta THUIOTE3a HAXOAMTCS B  IPOTUBOPEYHUH C
skcniepuMeHTamu  Tecna [4-5], koropwiid paspaboTam MeToj OECIPOBOIHOM

nepeaadyun 3HCPruu, UCIOJIb3Yy A MPOAOJIbHBIC CKAJIAPHBIC BOJIHBI.

B Hacrosiiei paboTe mokas3aHo, 4TO CyHIECTBYET IIMPOKHUI KiIacc pelieHui
ypaBHeHui MakcBesa [2] B kannOpoBke Jlopeniia [3], onmuchIBalONMX CKAISIPHbIC
BOJIHBI, HA KOTOPBIX AJIEKTPUYECKOE M MAaTHUTHOE TOJIE TOKIECTBHHO 00paIaloTcs
B HOJIb. YCTAHOBJICHO, YTO CKaJSPHBIE BOJHBI B JJIEKTPOJAUHAMHUKE AHAIOTUYHBI
3BYKOBBIM BOJIHAM B Ia30BOM JMHaMKKe. Ha OCHOBE 3TOM aHAJIOTMH MPEIIOKEHBI
DIIEKTPOTEXHUYECKUE YCTPOMCTBA, CIOCOOHBIE TEHEPUPOBAaTh U TMPUHUMATH
CKaJsipHbIe BOJHBL. [ToKa3aHo, 4TO B3aMMOAEHCTBUE CKAJISIPHBIX BOJH C aTOMaMH U

MOJICKYJIaMH TIpUBOAUT K HWOHH3AIlMKM W BO3HHKHOBCHHIO TOKA. Takoro poaa
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HCTOYHUKH TOKa MOTI'YT OBITh HCIOJIL30BAaHBI B Pa3INYIHbIX yCTpOﬁCTBaX
6CCHp0BO,HHOfI OHCPI'CTHUKU. I[aHBI NpUMEpPbl MOJACITHUPOBAHHA BOJIHOBBIX oJieH

CKaJLIPHOT'O U BCKTOPHOI'O ITOTCHIHNAJIOB B CUCTCMC THIIA ,HBYMepHOﬁ PCHICTKH.

CkaJssipHble BOJIHBI B dJIeKTpoaAuHaMuke Makcgesia-Jlopenna
CucremMa ypaBHEHUH OJIIEKTPOAMHAMUKH MakcBemia [2] MoxeT ObITh

CBeJIeHa K TEOpHHU MOTCHIIMAJIA IyTeM pUMeHeHus kamnoposku Jlopenia [3]
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3nech obo3HaveHo C,I,] — CKOPOCTH CBETA, IVIOTHOCTH DJIEKTPUUECKOIO
3apsga U BEKTOP IUIOTHOCTH DIIEKTPUUECKOIO TOKA COOTBETCTBEHHO, | ,A —

CKQJISIPHBIN M BEKTOPHBIN MOTEHIAAJIBI.

Jns ypaBuenuit (1)-(3) u3BecTHBI pemieHHs B (OpMe 3ara3/IbIBArOIINX
MOTEHI[MAJIOB, YAaCTHBIM CJIydaeM KOTOPBIX SIBJIIOTCS TMOTEHIMAIbl JInMeHapa-
Buxepra, omMchIBaroIIMe I0J€ TOUYEHYHOTro 3apsaa [3, 7].  3amasabiBaroinue
NOTEHIMANIBI  SIBJISIFOTCST. ~ OCHOBOM  KJIACCHYECKOM  TCOPHHM  M3JIyYCHHS
9JICKTPOMArHUTHBIX BOJIH, XOTS CYIIECTBYET albTCpHATHBHAs (POPMYIHUPOBKA
KJIACCUYECKOW 3JICKTPOJUHAMUKHA, B KOTOPOM YUYHUTBHIBAIOTCS  OIEPEIKAIOIINE
noteHiasl [8-9].

N3BectHo, uTo pemeHue B QopMe mnoreHuuanoB Jluenapa-Buxepra
IPUBOJUT K HEOOXOJUMOCTH BBEACHHMS CHJIBI PaJMAlMOHHOTO TPEHHS THIIA

Aobparama-Jlopenna [3, 7] wiu Jlopenna-/{upaka [10-11], yuursiBaromieii morepu
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3apsSUKEHHOM YacTHIBI Ha M3JIydeHHe. B cBoe Bpems 3Ta Cuila  SIBHJIAch
3HAYNUTENILHBIM IPENSTCTBUEM Ha IYTH CO3JIaHuUs IUIAHETAPHOW MOJEIN aTOMa, 4TO
IPUBENIO K CO3JaHUI0 KBaHTOBOM MexaHuku Bopa-3ommepdensna [7], B KoTopoii
SIIEKTPOH HE M3JIy4aeT Ha HEKOTOPHIX Pa3pellCHHLIX OpOMTaX, OMpPENCIAEMBIX M3
yCa0BUs KBaHTOBaHus bopa-3ommepdensbaa.

Onpenenenne. pewenue ypasuenuil (1)-(2) nazvieaemes ckansprotl 60aHol,
eciu HA PMUX PEUEHUSX IIEeKMmpUdecKkoe noie u UHOVKYUs MASHUMHO20 NOJIs
MOXHCOeCmM8eHHO 00PaAUAIOMCsl 8 HOJb.

HWcmonb3ys onpeneiaeHne 3AeKTPUUECKOr0 U MAarHMTHOTO IIOJIS, HAaXOIHM,
YTO ISl CKAJISIPHBIX BOJIH CIIPABEIMBLI CIIEIYIOLIME IBA YPABHEHUS

S "
E =-Kj '1117:0’ B=N"A=0 4)

VpaBuenus (4) BBINOJHSAIOTCS MPH YCIOBUH, YTO BEKTOPHBIA MOTCHIIHAI

SABJICTCA I'PaIUCHTOM HGKOTOpOﬁ (byHKLII/II/I, TOrga UMEEM
. q ~
i+ =b(t), A=Ry (5)
Mt
3nece  b(t)— mnpoussBonbHas ¢GyHKIMA BpemeHH. IIpeamoNokuM, dYTO

IUIOTHOCTh TOKa B MPaBOM 4YacTH ypaBHEeHHUs (2) TakkKe sBISETCS TPaTUCHTOM

HEKOTOpOU (PyHKIMH, T.€.

j=Nc (6)
B atux npeanonoxenusx cucrema ypasaenuit (1)-(3) npuHuMaeT Bu
c?N? - 11]]?2 =- re:Z 7)
c’N¥y -%=-:—O+g(t) (8)
c’Ny + % = (9)
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3necs  O(t)— mnpoussonbHas QyHKIUS BpeMeHd. Mcmonb3ys ycloBue
kaauOpoBku Jlopenna (9) w ypaBHeHus i ckaasapHbix (yukuud  (7)-(8),
HAXOJHUM, YTO JIJIi COBMECTHOCTH cucTeMbl (4)-(9) HeoOxoaumo moTpeOoBarTh,

YTOOBI BBIITOJIHSJIMCH JBA YCIOBUS
C =ey,(b+g), r =0 (10)
Torna 3amada 0 HaXOXIEHUH pelieHuid cucteMbl ypaBHenui (1)-(3) B popme

CKAJAPHBIX BOJIH CBOAWUTCA K PCIICHHIO BOJIHOBOI'O YPABHCHHUA I CKAJIAPHOI'O

IMOTCHIIMaJIA.

2.
CZNZJ' ﬂ J

B It =0 (11)

Ty ~
2 _=p(), A=N
J+ﬂt (t) y

[TokaxkeM, uto Momenb (11) sBisleTcs  aHAJOTHYHOM  MOJEIH
paclpoOCTpaHEHUSI AaKyCTHYECKHX BO3MYIICHUM B UACATbHOW CKUMAEMOMN
KHUJIKOCTH. JIeHCTBUTEIILHO, COOTBETCTBYIOIIAS MOJIENb, CHOPMYIUPOBAHHAS IS
CKaTHs ¥ CKOPOCTH MOTOKA, uMeeT Buj [12]:

- CSZNS::]T—\(, N"v=0

ﬂs - (12)
—+Nxv=0

1t

3mece S=(r - r,)/r, - cxarme cpempl, V - CKOPOCTh TedyeHHs, C,-
CKOpOCTh 3ByKa. Jlerko BujaeTh, 4YTO mepBbie jaBa ypaBHeHHs (12) aHaIOrHYHBI
ypaBHeHusM (4), a Tperh ypaBHeHue (12) aHAJOrMYHO YCIOBHIO KAIMOPOBKH
Jlopennia (3). Takum 00pa3oM, Mbl YCTAaHOBHWJIM AHAJIIOTHUIO PAaCHpPOCTPAHCHHS
aKyCTUYECKMX KOJICOAHWH B MOJEIU HJICAIbHOW CkuMaeMor xuukoctu (12) u

CKaJIIPHBIX BOJIH B dJieKTpoanHamuke Makcesuia-Jlopenna (1)-(3).
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[Ipomomkass 3Ty aHANOTMIO, MOXHO CKa3aTh, YTO JJIEKTPUUECKOE H
MAarHuTHOE T0JI€ ONMMCBHIBAIOT BUXPEBbIE BO3MYILECHUS 3JIEKTPOMAarHUTHOTO MOJI,
AHAJIOTMYHBIC BUXPSAM B TeueHHsX skuakocty [13]. OTmerum, 4To B Hamiei padore
[14] Obuta ycTaHOBJICHA AHAJOTHS MEUICHHBIX TCUCHHU BA3KOH JKUIKOCTH H
nuddy3un BEKTOPHOTO MOTEHIMANA B TPOBOsIIEH cpene. OTMeueHHas! aHAJIOTHs,
OYEBHUIHO, SBISETCS CJIEACTBUEM MEXAHUYECKOM AaHAJIOIMM, HCIOIb30BAHHON
MakcBemiaMm Tpu TOCTPOSHHWU TEOPUHU JJIEKTPOMArHUTHOTO TIOJIsl, B KOTOPOHU
OOJIBIIYIO pOJIb UTPAIM MPEACTABICHHUS O TeUEeHUU (IIona CKBO3b MOPHUCTOE
HPOCTPAHCTBO [2].

CkaJyisipHble BOJIHbI B KBAHTOBOM 3JIEKTPOJIMHAMHUKE

Ham mepBbIii B3IUISII KaXETCsl, YTO YCJIOBUSI BO3HUKHOBEHHUS CKAJSIPHBIX
BOJIH B BHJIC ypaBHEHHH (4) OrpaHUYMBAIO CaMy BO3MOXKHOCTh HAOJIOJACHUS 3TUX
BOJIH, TaK KaK B KJIACCHMYECKON 3JIEKTPOJMHAMHUKE B3aMMOJICHCTBHE 3aps/OB C
AIIEKTPOMArHUTHBIM TIOJIEM OCYIIECTBISIETCS IOcpencTBoM cuibl  JlopeHia,
3aBUCALLEH OT NEKTPUYECKOIO U MAarHUTHOrO 1ojist. OHAKO 3TU OTpaHUYEHUS HE
pacIpOoCTPAHSIOTCS HAa KBAaHTOBYIO MEXAHUKY M KBAHTOBYIO 3JIEKTPOJMHAMUKY, B
KOTOPBIX B3aMMOJICUCTBHUE 3apSAI0B C DJIEKTPOMArHUTHBIM IOJEM OMPEaEseTCs
BEJIMYMHON CKAJIIPHOTO U BEKTOPHOTO moTeHImanos [7, 11, 14-15].

Jlns onucaHus NUHAMUKUA 3apsOKEHHBIX YACTHULl PACCMOTPUM  CUCTEMY
ypaBHeHUl [lupaka BO BHEIIHEM 3JIEKTPOMAarHUTHOM II0JIe, MMEEM CHCTEMY

YpaBHEHUH

ig"(N,, +ig, A o = My .
e’ 0y 9" . = (T7 - NH)A] (13)

b
3neck 0603uauero 9 aps AnsY a» May - MaTpumsr Jupaka, 3apsyisl YacTHII

(3TO MOTYT OBITH, HAPUMEP, MPOTOHBI, FTEKTPOHBI, KBAPKU WK MpeoHs! [14-15]),
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4-mOoTEeHIIMAJT BHEITHETO TIOJIsA, BOJIHOBas (DYHKIIMS M YacCTHIBI & BXOAAIICH B

coCTaB 4acTHIbl D CoOTBeTcTBeHHO, €° = 0.0072973525698(24) - nocrosHHAs

TOHKOU CTPYKTYpHI, Y 5 =Y ;go,y; - comnpsbkeHHbIH (o DpMuTy) Bektop. B atom

cilydae Mbl, Kak OOBIYHO, IOJaraéM, 4YTo CKOPOCTh CBeTa W mocTosiHHas [lnanka

PaBHbI CAVUHUAIIC.

W3 cucrembl ypaBHenuit (13) ciemyer, uTo eciid B Cpeie, COaepiKariei
COCTaBHBIE YACTHUIIbI, PACTIPOCTPAHSIOTCS CKAISPHBbIC BOJHBI, TO 3TO MPUBOJUT K
BO3MYILICHUIO OCHOBHOTO COCTOSIHMS 4YacCTHUIl, HampuMep DJIEKTPOHOB B
AJIEKTPOHHBIX 000JI0YKAX MOJIEKYJ U aTOMOB. Eciii BO30y>K/IeHHE CUCTEMBI BEJIET K
ee pacrajy, To Ha MaKpOCKOIIMYECKOM YPOBHE HaOJII01at0TCsl pa3jInyHbIE SIBJICHUS,
o0ycroBieHHbIe MOHM3alKen. Kak M3BeCTHO, TAKOTO Pojia MPOIECCHl MPUBOAAT K
BO3HUKHOBEHHMIO  MPOBOJUMOCTH, OOYCJIOBIIEHHOM  Haau4MeM  CBOOOJIHBIX

HocuTeel 3apsios [16].

3anuieM ypaBHEHHS KBaHTOBOW 3jiekTpoauHamuku (13) s Toro ciydas,
KOIJla Macca 4YacTHIl, BXOJMIIMX B MPaBYyI 4YacTh mepBoro ypaBHeHus (13),
CTPEMUTCS K HYJIO, a YETBIPEXMEPHBIM NOTEHUHUAI SBIISIETCA MOCTOSIHHBIM B
npezenax cucreMsl. Toraa ypaBHeHue Jlupaka BBITIOIHSIETCS Ha JIFOOBIX PEIICHUSX,
UL KOTOPBIX  YETBIPEXMEPHBIM HMMITYJIbC YAaCTUI[ 3aBUCUT TOJIBKO  OT

YCTBIPCXMCPHOI'O IOTCHIIMAJIA B BUJIC

Pam = daAn (14)
3amnuiiem Bropoe ypaBHenue (13) B cTanaapTHO# hopme
(17 - N*)A, =myj, (15)

VuuThiBas CBs3b HUMIIyJIbCa W 4YeThIpexMepHoro mnoreHmnuana (14),

MNpeaACTaBuM BCKTOP TOKaA B CICAYIOIICM BHUJC

http://e] . kubagro.ru/2013/09/pdf/28.pdf



http://ej.kubagro.ru/2013/09/pdf/28.pdf

Hayunsiit xypuan KyoI'AY, Ne93(09), 2013 roaa

jm = é. qana pam/ paO = Amé. qazna/ paO = ié c1ana (16)
a a AO a

3aeck N, - ymncno yactuil odnagaronux 3apsgom U, B enunauiie oobema.
[Toncransis  Beipakenne Toka (16) B ypaBHenue (15), Haxoaum

OKOHYAaTCIBbHO
(T - N)A, =mAQ a.n, /A (17)

OrMeruM, 4TO B 3TOM ciydae ypaBHeHue IlyaccoHa B 3I€KTpOCTaTHKE
COXpaHseT CBOW OOBbIYHBIM Bua. JleWcTBUTENbHO, Hcnoib3ys (17), Haxomum

YPaBHCHUC IS CKAJIPHOI'O ITIOTCHIMAIIA

(17 - N*)A =mAQ a.n, /A = (18)

I
eO
[onyueHHOE ypaBHEHHE B CiIydae IIOJIsI, HE 3aBUCSIIErO0 OT BPEMEHH,
CBOAMTCS K ypaBHeHHUIO [Tyaccona
NZAO =- r_
eO
CHCI[OB&TCHBHO, MbI IIOKa3ajivd, 4YTO KIIACCHYCCKOC YPABHCHHC HyaCCOHa

BBITOJTHACTCS TIPH YCIIOBUHU BBITTOJHEHUS ypaBHeHUs (14).

YPaBHeHI/Ie JJIs1 BEKTOPHOT'O ITOTCHIMAJIA UMCCT BU/L

(12- NH)A =-m2 A, m? =-m,éa. Gana / Ay (19)

Kak #3BECTHO, TOKM NPOBOJMMOCTH CBSI3aHBI C JJIEKTPUYECKUM IOJEM
3akoHOM OMa

j=sE (20)

B cBo0 0ouepenp, JIEKTPUUECKOE M0JIE€ MOKHO BBIPA3UTh Y€pPE3 BEKTOPHBIN U

CKQJISIPHBIN OTEHIUAJIBI B BUAE
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~.  JA
E=-Nj - -~ 21
- @
3nech 00o3maueno | = Ayj— CKQJISIPHBIM TMOTEHUHAJ. YYUThIBasl HaJu4yue

TokOB (16) W moaCTaBIss BRIpAKEHHUE MOJTHOTO TOKA B MPABYIO YacTh YPaBHEHHUSI

(15), Haxoaum

N 19°A @1 o 0 S 1A
va S Eraanden el e

3/1ech Mbl BOCCTaHOBHJIU Pa3MEpHBI K03()PHUIIUEHT, UCTIONB3Ys BBIPAKECHUE
2
KBaJpara CKOpPOCTH cBeTa B Bakyyme C° =1/e,Mm,. Vpasuenne (22) Heobx0aumo

JIOTIOJIHUTE yciioBreM KanuOpoBku Jlopenna (3). Takum o0pa3om, Mbl MMOKa3ajH,
YTO B3aMMOJCHCTBUE CKAISAPHBIX BOJIH C BCIIECTBOM IPUBOIUT K IOSBJICHHUIO
9JIEKTPUUECKOTO TOKa, OOYCIIOBIEHHOTO JBHXKCHHEM 3apsjioB B KBAaHTOBBIX
cucremax. CpaBHuBas ypaBHeHus (2) u (22) MOXHO cenaTh BBIBOJ, YTO POJIb
ITHX TOKOB CBOJAMTCS K BO3HHKHOBEHHUIO JOTIOJIHUTEIILHOW BSI3KOCTH B CHCTEME
TAKOW, Kak eciau Obl BsI3Kas JKUAKOCTh IPOCAYMBATIACh CKBO3b IOPHCTOE
IPOCTPAHCTRBO.

OTMmeTuM, 4YTO XOTS YyKa3aHHBIA A(PQEKT SBISCTCS KBAHTOBBIM, OJIHAKO
noctosiiHast [lmaHka He BXOAUT B OKOHYATENBHBIA OTBET, TaK KaK MbI
UCroyib30Baid ypaBHeHue (14) BMECTO TOYHOTO BBIPOKEHHS TOKA, COJCPIKAIIECTO
BOJIHOBYIO (pyHKIMIO [11].

Hakoner, 3aMeTHM, 4YTO BEKTOPHBIN IMOTEHIMAN OBUT BBEIEH B TEOPHUH
9JIEKTPOMArHUTHOTO MMoJiss MakcBemia [2] kak BcroMoraTelibHas BEJMYMHA, TOTIa
KaKk B Halleldl TEOPUHM BEKTOPHBIA TOTEHIMAI pPacCMaTPUBACTCS KaK HEKOTOPOE
CaMOCTOSITeJIbHOE ~ (DM3MUYECKOE TIOJI€, AaHaJOTHYHOE TIOJK  CKOPOCTH B
TUIPOJMHAMUKE. Takoi TMOJXOJa IM03BOJISET HAMETHTh HOBBIC ITyTH Pa3BHTHUS

9HCPICTUKH, B KOTOpOfI T'TaBHOC BHUMAaHHUC 6yz[eT YACIATBCA HE JJICKTPUYCCKHUM U
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MarHMTHBIM TIOJISIM, @ IIOJIF0 BEKTOPHOIO NOTEHLHana. B TakoMm ciyyae MOKHO
c(opMUpPOBaTH HOBYIO MOJIENb MPOU3BOJCTBA M PACHPECIICHUS 3JIEKTPOIHEPIHH,
OCHOBAHHYIO Ha HCTOYHHMKAX M CTOKax BEKTOPHOIO IOTEHIMANa, a TaKXKe Ha
0ecIIpOBOIHOM CII0co0e mepenaun sHepruu [4-5].

CkansipHble BOJIHBI M OecIPpOBOIHAS NMepeaaya JIeKTpu4ecTBa

Kak u3BectHO, Tecna uckan mapaMerpsl COCPENOTOYEHHBIX AIEKTPUUYECKUX
CUCTEM, CIIOCOOHBIX T'€HEpUpPOBaThb U MPUHUMATh DJIEKTPOIHEPIUIO B PEKUME
OecnipoBogHoit  cBszu  [4-5]. Ilpocreifmmii TeHepaTop CKAISPHBIX  BOJH
IpEJCTaBIsAET cO00M MPOBOASIIMI 1Iap, YCTAHOBIEHHBIH JOCTATOYHO BBICOKO HAJl
NOBEPXHOCTBbIO 3€MJIM, COEIMHEHHbIM C KaTymkoil Tecna, mpepbiBareieM U
UCTOYHUKOM TOKa — puc. 1. [IpuemMHuK npencraBiseT coOoi MPOBOASAIIMKA 1ap,
coellMHeHHBIN ¢ KaTymkoi Tecna u ¢ Harpy3koit - puc. 1. O6a ycrpoiicTBa ObUTH
3amareHToBanbl Tecna B 1900 r mox Ha3BaHmeM «Ammapar Ui Tepenaqyn
SJIEKTPUUECKO sHeprum» [17].

B nanpHeieM HEONHOKPATHO NPEANPUHUMAINCH MOMNBITKH HCIIOIb30BaTh
3TOT CMOCO0 sl MPOMBINUICHHOW mepenaun anekrpodHepruu [18]. C touku
3peHust MoJienH (22), 3T0 MOXKET OBITh JOCTUTHYTO ITyTeM 3aJaHUsl HCTOYHHKOB H
CTOKOB BEKTOPHOro MoTeHuuana. TakuMm oOpa3oM, BEKTOPHBIA MNOTEHIHAN
SIBJISIETCSI OCHOBHBIM (DaKTOpPOM B OE€CIPOBOIHON Nepejau EKTPOIHEPTUH.

MoxHo chopMmynupoBaTh MOJEIb €CTECTBEHHOM Nepefauyd SHEpPruu,
ONUPASICh HA IIPOCTYIO AHAJIIOTUIO CETH JIMHUM AJIEKTPOIIEpEe1ad U PEYHOM CeTH. JTa
aHaJOTUsl MMeeT NIIyOOKUH (U3NYECKH CMBICH, TaKk KakK B IPUPOAE PEKU
BBINIOJIHSIOT ~JHEPreTUYECKYI0 (PYHKIMIO, MOXO0XYI0 Ha (YHKUUIO JIMHUN
anekTporepenad. Mogens (22) oTpakaeT NPHUPOTHBIE MTPOIECCHl, B KOTOPBIX
JIIEKTPOMArHUTHOE  «TE€YEHUE», ONUChIBAEMOE BEKTOPHBIM  IOTEHLHUAJIOM,

OCYIICCTBIIACTCA OIITUMAJIBHBIM ITYTCM, HOI[O6HO TCYCHUIO PCK.
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Puc. 1. IlareHT c omucaHueMm armmapaTta [Jsi O€CIpOBOAHON Tmepeaaydu

anekTpuyecTBa, noaydeHHsnidi H. Tecna B 1900 1.

Eciu ke uCHonp30BaTh AaKyCTHUYECKYIO AaHAJIOTHIO, OCHOBAaHHYIO Ha
ypaBHeHHH ISl cKanspHoro mnoreHmuana (11), To 3amada 3HAYUTENBEHO
ynpomiaercs. B 3ToM ciayyae MOMKHO BOCHOJIb30BaThCA XOPOILO Pa3BUTHIMU

METOJIaMU Tepelladyd 3ByKa, a MpoOsieMy CO3JaHHUsI TEXHUYECKUX YCTPONCTB
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pemaTh o aHaJOTMU C aKyCTHUKOM, CO3/1aBasi MPEIBAPUTEIbHO COOTBETCTBYIOIIYIO
KOMOMHAIIMI0 MCTOYHMKOB M TPUEMHHUKOB 3Byka. Hampumep, eciau tpedyercs
CHAOUTD AJIEKTPOIHEPTUEH OOJBIIOE MOMEIICHUE C MHOXKECTBOM MPUEMHHUKOB, TO
3Ta 3a/1a4a CBOJMTCS K HAXOXKJEHUIO 3BYKOBOTO MOJISl B AHAJIOTUYHOM IMOMEILIEHUN

THIIAa KOHOCPTHOTO 3aJIa UJIU CTaAUOHA.

MopesmpoBanue 6eClIpOBOIHOM NMepeaavYu JIeKTPUIeCTBA

PaccMoTprM BO3MOXKHYIO MO/JIeNb OECITPOBOJHOM MEpeIayu EKTPOIHEPTUU
Yyepe3 IMOCPEJACTBO BOJHOBOIO IOJS CKAJIAPHOIO IOTEHIMANA. OTOT METOJ He
TpeOyeT HUKAaKHUX 3aTpaT SHEPTUH, N03TOMY 3(DPEKTUBHOCTH Mepeaud SHEPTUU HE
oOcyxnaercs. B kauecTBe reHeparopa CKaJsIpHbIX BOJH HCIOJIb3YETCS CHCTEMaA
BEPTUKAJIbHBIX METAUIMUECKUX TpyO paauyca R, He MMEIOMMX MPsAMOro KOHTaKTa
c 3emyieii — puc. 2. B ropu3oHTaIbHOM CEeYeHUH TPyObl 00pa3yloT pemeTKy ¢
marom L. Cucrtema npuBOIUTCS B KOHTAKT C 3€MJIEH depe3 MpepbIBaTelb LENU C
3aJJaHHON 4acTOTOM, aHAJIOTHYHO TOMY, KaK 3TO OCYyIecTBIIseTcs B annapte Tecna
—puc 1. Takas cuctema MOKeT ObITh YaCTbIO KOHCTPYKIUH BBICOTHOTO 3/1aHUSI.

[Tockonbky 3emiis 00a1aeT OOJIBIIMM 3JIEKTPUUECKUM 3aps/ioM, TO BCAKUN
U30JIMPOBAaHHBIA MPOBOJAHUK B IOJIE€ 3€MJIM MPUOOPETAET AIEKTPUUECKUM 3apsij,
IPONOPLMOHAIBHBIA €MKOCTH mpoBoaHuKa. Ilpu s3TomM Mexnay 3emiiell u
IPOBOJIHUKOM BO3HUKAET PA3HOCTb MNOTEHUUaNoOB. Ilpu BO3HUKHOBEHHHU K€
KOHTaKTa IpPOBOJHMKA C 3eMJI€Hl MNPOBOJHUK MPUOOpETaeT MOTEHUHUAN 3EMIIU.
Takum  oOpa3oMm, MOTeHIMAN KaXIOro U3 IMPOBOAHUKOB  HCIBITHIBAET
nepuoguYecKre KoieOaHus, 4YTO NPHUBOJUT K TIEHEpalud BOJHOBOIO IOJIA B

IPOCTPAHCTBE MEXIy TpyOamu — puc. 3-6.
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Puc. 2. Cucrema tpy0, 0Opasyronux pemietky ¢ marom L =12.

Ha puc. 3 mpencraBieHbl BapHaHThl pPacueTOB BOJHOBOTO  IIOJIS,
BO3HHUKAIOIIET0 B cucteme TpyO mpu coortHomienuu pasmepoB L/R=100 u c
XapaKTEePHBIM BOJHOBBIM YHCIOM Kojebanuit K=w/C=1. W3 npuBemaeHHBIX
JaHHBIX BHIHO, YTO CO BPEMEHEM IMPOHMCXOIUT CBOCOOpa3Has HaKayKa BOJHOBOTO
TOJISE ¢ OJIHOBPEMEHHBIM YCIIOKHEHUEM BOJIHOBOM CTPYKTYpbI. Jljist ctabun3anuu
BOJIHOBOTO MMOJISI B OOIIEM € ClIydae MOXHO MPEANOJI0XKUTh, YTO B CHCTEME
CYIIECTBYET BSI3KOCTb, OOYCIIOBJICHHAsI PACCESIHUEM DHEPrHH BOJHOBOTO OIS
IPONOPIHMOHAILHO J .

Ha puc. 4 npuBeieHbI pacyeThl BOJHOBOTO MOJISI B CHCTEME C COOTHOLIICHUEM
pasmepoB L/R=100 u ¢ BomHOBBIM uncioM Kojebanuit K=w/c=1/12. B stom
cllyyae B CHCTEME [IOJDKEH HaOII0IaThCsl PE30HAHC, KOTOPBIA MOJaBISETCS
BS3KOCTHIO TMPOMOPHUOHAIBHON MPOM3BOAHONW MOTCHIMATA [0 BPEMEHH C

k03 dumentom g =0.01.
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ALyl 0k Sl Alty)

Puc. 3. ®dopmmpoBaHuE BOJHOBOTO TIOJS CKAJISIPHOIO M BEKTOPHOTO
MOTEHIIMAJIOB B cCUCTeMe ¢ maroM perretku L =12, paguycom tpyosr R =0.06 u ¢

XapaKTepHBIM BOJHOBBIM yucioM K=w/c=1; g=0.
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Sltxy), wt=20m—m2 L o7 Lty

Puc. 4. ®opmupoBaHuEe BOJHOBOTO TOJS CKaJSPHOTO U BEKTOPHOTO
norennuanos B cucreme ¢ L/R=100. XapakrepHoe BOJHOBOE YHCIIO

k=w/c=1/12;9 =0.01. Ha HmxHHX pUCYHKaX IOKa3aHa pa3BepTKa MOTCHIIHANA

B IBYX ceueHmsax. Y =1 3.

Ecnu B cucteme ¢ mapaMeTrpaMu Kak Ha pHcC. 3 33/1aTh BSI3KOCTh CHCTEMBI
IPONOPIMOHAIBHYI0 TPOM3BOJHON CKAIAPHOTO TMOTEHIMANa 10 BPEMEHH C
ko3 durmerntom g = 0.1, To MOKHO MOIYYHTH BO BCEM 0OBEME BOJHOBOE IIOJIE,
KOH(HUTYypaIus KOToporo coxpansercs Ha npoTsbkernu 100 neprogoB — puc 5.

OtmeTuM, 4YTO JaHHblE Ha puc. 3-6 TMOJy4YeHbl C HUCIOJIb30BAHHEM

CTaHJAPTHOW MPOLEAYPHl PELICHUS BOJHOBBIX YPaBHEHUU C MEPUOAUMYECKUMU
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rpaHUYHBIMH YCIIOBHSMH, peanu3oBanHoi B cucreme Wolfram Mathematica 9.0
[20]. TloreHuman Ha TOBEPXHOCTH TPYObl MOMACIMPOBAICS SKBHUBAICHTHBIM
OJIHOPOJHBIM pacHpe/ielieHHeM TIUIOTHOCTH 3apsja IO CEYEeHUI0 TpyObl C

aMHHHTy,Z[Oﬁ paBHOﬁ CANHUIIC, H3MCH$IIOH1€ﬁCH 10 TapMOHHUYCCKOMY SaKOHy:
o ti oy - K% g -d=-[1- UnitStep(x* + y* - R?)]sint (23)
3necy UnitStep(x) =0, for x<O0and 1for x3 0.

CnenoBarenbHO, JaHHble Ha puC. 4-5 OTpaKkalOT pPeaJbHOE H3MEHEHUE
NOTEHIMalla B YCTAHOBJIEHHBIX €AMHULAX. Tak, HampuMmep, aMIUIMTYyAa KoJeOaHui
NOTEHIMalla HA MOBEPXHOCTH TPYOBI B CHUCTEME C MapaMeTpaMH Kak Ha puc. 3
nocturaer eauaunbl 3a 10 mepuomoB konebGanmii — puc. 6. 10 O3HAYaeT, YTO
MOKHO paccMaTpuBaTh pachlpeielieHHe TMOTeHIHaia BO Bced obnactu
OTHOCHTEIHHO BEJIIMYMHBI MOTEHIIMATA PABHON eIUHUIIE.

B ciyuae Bo30y>KIeHHS MO OT BHEITHETO HCTOYHMKA TOKA, KaK B ammapare
Tecna, moreHMan TpyObl SBISETCS YINPABIAEMbIM apaMETPOM, YTO TTO3BOJISIET
CO3/1aTh BOJIHOBOE IojJie C TpeOyeMbIMU CBOWCTBaMHU. Takoro poaa CHUCTEMbI
OecCpoBOJHON Tepenayn dJIEKTPUYECTBA MOTYT OBITh HCIIOJIB30BAaHbI IS
o0ecrieueHus MUTaHUs OECTIPOBOAHBIX MEPUPEPUUIECKUX YCTPOHUCTB KOMITBIOTEPOB,
MOOMJIBHOM CBSI3M U T.I. B OTHEJBHBIX 3[JaHUSIX U B pailoHaX ropofoB ¢ OO0JIbLION
IUIOTHOCThIO HaceneHus. JleMcTBUTENbHO, KOJeOaHUsl CKAISAPHOIO MOTEHLHUalla
JIETKO MO>KHO TMpeoOpazoBaTh B KOJNEOAHWS HANPSDKEHUS B AJIEKTPUYECKOH IEmH,
UCIIONBb3Ysl, HATIPHMEP, B Ka4eCTBE MPUEMHHUKA yCTpoiicTBO Trna [17].

[IpuBeneHHbIE TPUMEPHI MOKa3bIBAIOT, YTO METOJI OECIIPOBOAHON mepeaayn
DIIEKTPOIHEPTHH, OCHOBAHHBIA Ha BO30YXKIEHHUH KOJICOAHWN CKAISAPHOTO
NOTEHIAIa B CHCTEME BEPTHKAIBHBIX TPyO, MOXET OBITh HCHOJB30BaH B

IMPOMBINIIICHHBIX Macimradax.
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Gt xy), wt=20m—m/2

Puc. 5. Crabunuzainus BOJHOBOrO TOJISI B CHUCTEME C TapamMeTpamu

L/R=100, k=w/c=1;9 =0.1. Ha cpemuux prCyHKax IOKa3aHa pa3BepTKa

[OTEHIIMANA B IBYX ceyenusx: Y =1, 3.
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Puc. 6. dopmupoBaHue BOJHOBOTO TOJS CKaJSPHOTO U BEKTOPHOTO
MOTEHIMAJIOB B crcTeMe ¢ marom pemerku L =12 u paguycom tpyost R =0.06 :
aMIUTUTYJa MOTEHIMAalla B CeUeHUU TpyObl nocturaet 3Hadenus 1 3a 10 nmepuomon

KoJjeOanuii (HYDKHUIM MpaBblii pucyHOK). BoaroBoe uncio K=w/c=1; g =0.

Bosnukaer Bompoc 00 »h(EKTHBHOCTH TakOrO MeEToAa IMepeaaydu
ANIEKTPOIHEPTUU. 3aMETUM, YTO OTOT BONPOC HMMEET CMBICI TOJIbKO TpU
UCIOJIb30BAHUUA HWCKYCCTBEHHBIX HCTOYHHKOB DHEPIHM, TOTJAa KaK TEXHUYECKU
BO3MOKEH BapUaHT HCIIOJIb30BAHMUSI €CTECTBEHHBIX MCTOYHHUKOB OSHEPTUU
CKaJISIpHBIX BOJIH, KaK B IMPUBEJCHHOM BbIlIE MHpumepe. [lelicTBUTENbHO, Hallla

IJIaHeTa camMa no ceb0e SBISIETCS HCTOYHHMKOM CKalIsIpHBIX BOJIH, O 4YCM
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CBUJICTEILCTBYIOT TIpO30BbIe pa3psabl. Kpome Toro, 3emiis HaxoIuTcs B
OKPY)KEHHHM JAPYrMX KOCMUYECKMX TeJ, Bkiatoyas ColHIe, KOTOpbIE MOTYT
reHepupoBaTh ckajsipabie BoJHBI [20]. OcBoeHHME 3TOTO BHIA IHEPTHH MOXKET

oKa3aTh 0O0JIBIIOE BIMSIHUE HA Pa3BUTUC MHpOBOﬁ OKOHOMMKH.
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kachestve predstavitelg jetoj zhidkosti, togda my mogli by imet' prodol'nye kolebanija,
rasprostranjgjushhiesja so skorost'ju, zavigashheg ot jetoj plotnosti. Odnako my ne imeem
nikakih dannyh, otnogjashhihgja k plotnosti jelektrichestva, i my zhe ne znaem, schitat' li nam
stekljannoe jelektrichestvo substancig ili otsutstviem substancii. Sledovatel’no, nauka ob
jelektromagnetizme vedet k sovershenno takim zhe zakljuchenijam, kak i optika v otnoshenii
napravlienija vozmushhenij, kotorye mogut rasprostranjat'sa cherez pole; obe jeti nauki
utverzhdajut poperechnost' jetih kolebanij, i obe dajut tu zhe samuju skorost' rasprostranenija. S
drugoj storony, obe nauki bessil'ny, kogda k nim obrashhajutsja s voprosom o podtverzhdenii ili
otricanii sushhestvovanija prodol'nyh kolebanij».
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