MoHAT e KUHET N4ECKOM WNHOYKT UBHOCT 1 3apsnoB B
3/IEKT POANHAMUKE WUCMOJIb3YeTCsA OYeHb penKo. K coXKasieHuio, oHO
BXOAUT B YPaBHEHUS 3MeKTpPOAVHAMUKM MaTepuasibHbIX cpem B
HEeSIBHOM BUAE, M HUKTO He 00paTw/ BHUMAHUS Ha TO, YTO 3TO He
MEHEe Ba)XXHbli MapaMeTp, YeM AOUNEeKTpuyeckas M MarHuUTHas
MPOHMLIAEMOCTb. DTO TMOHATME HeobxoAUMO O ONUCAHUS U
MOHVMAHUS (PU3MKN MPOLIECCOB, KaK MPOBOAHMKAX, FAoe 3apsanbl
cB0OOAHbLI, Tak W AMWINEKTPUKAX, B KOTOPbIX 3apsAgbl ABASAOTCS
CBSI3aHHbLIMK. KpoMe 3Toro B HacTosulel paboTe BBOAUTCS HOBOE
MOHATUE KUHETUYECKON EMKOCTW, KOTOPOro B 3/1€KT PO MHAMUKE
paHee He O6bIO. DTOT MapaMeTp OTpakaeT CrnocobHOCTb
MarHuUTHbIX MOMEHTOB HaKarauMBaTb MOTEHLWaNbHY0 3Hepruio, 3a
CYET MX NPEeLIeccCun B MarHUT HOM MoJie.
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1. Beeaenue

Bcem xopomio M3BECTHO Takoe sIBIEHHE Kak paayra. JIloOoMy crenuamucTy Io
JJEKTPOJMHAMHUKE SCHO, YTO BO3HHKHOBEHHWE pAAyrH CBA3aHO C YaCTOTHOH
JHCIIEpCHUEH, a, APYTHMH CIOBAMH, 3aBUCHMOCTBIO OT 4acTOTHl (ha30BOil ckopocTh
AJIEKTPOMArHUTHBIX BOJIH, TNPOXOAIIMX dYepe3d Kammd moxnad. llockomeky Boaa
SIBIISIETCSI TUDJIEKTPUKOM, TO TIPH 00BbsICHEeHNH 3Toro siBienns k. Xesucaiin u P. Byn
NPEOoNOKUIN, YTO Takasg JAUCHepCHsl CBsf3aHAa C YacTOTHOM Jucrepcueit
(3aBHCHUMOCTBIO OT YaCTOTHI) TUAJIEKTPUUYECKON MPOHUIIaeMOCTH Bobl. C Tex mop 3rta
TOYKA 3PEHHUS ABJISIETCS TOCHOACTBYIOMIEH [1-6].

OpHako caM co3JaTenb OCHOBHBIX YPaBHEHHH 3JIEKTPOAMHAMHUKN MakcBesn
CUNTAJI, YTO ITH MTApaMeTPhI OT YACTOTHI HE 3aBUCHT, a ABILIIOTCS (pyHIaMEHTAIbHBIMU
KoHcTaHTamu. Kak poaunace uzaesd IOUCHEPCUM AMIIEKTPUUECKOM M MAarHUTHOM
MPOHUIIAEMOCTH, M KaKOH IyTb OHa IPOIIIA, JOCTATOYHO KPACOUYHO XapaKTepU3yeT
UTaTa W3 MOHOTpadMM XOPOIIO H3BECTHBIX CIIEIHMAIUCTOB B 00NacTH (DU3UKH
rwiasmsl [1]: «Cam k. Makcsemt npu (GopMyJIHpOBKE YpaBHEHUH 3JI€KTPOANHAMUKHI
MaTepHaNIbHBIX CpeJ| CUMTal, 4TO JUDJIEKTpUYecKas M MarHuTHas MPOHHUIIAEMOCTH
SIBISIFOTCSL TTOCTOSTHHBIMU BEJIWYMHAMHU (IO 3TOW NPUYMHE OHM JJIMTENIBHOE BpEMs
CYNTAINCH TTOCTOSHHBIMH BEJMYMHAMH). 3HAYMTENBHO TO3XE, Y)K€ B Hadaje 3TOTo
CTONIETHS TIPH OOBSACHEHUHM ONTHYECKUX IUCHEPCHOHHBIX SIBIECHUN (B YacCTHOCTH
sapnenns pamyru) k. Xesucaiim u P. Byn mokazamm, 4ro mudNeKTpUUecKas
MarHuTHas IPOHMUIIAEMOCTH SBIIAIOTCS (YHKIUSAMH 4YacTOTHL. A COBCEM HEIABHO, B
cepenune 50-X rogoB, (M3WKH MPHUILUIM K BHIBOMY, YTO ATHU BEIUYWHBI 3aBHUCST HE
TOJIBKO OT YacTOTHI, HO W OT BOJIHOBOTO BekTopa. Ilo cytw, 3To Obuna pamukanbHas
JIOMKa CYyIIECTBYIOIIMX TIpejcTaBieHnid. Hackonbko cepbe3Hoii oHa  Oblia,
XapakTepu3yeT Cilydail, KoTopbli npousomien Ha cemunape JI. JI. Jlannay B 1954 r. Bo
Bpems mokiama A. M. Axmesepa Ha 3Ty Temy JlaHmay BAPYT BOCKIMKHYI, MepeOHB

JOKJIaauuKa: “OT0 Open, TMOCKONBKY ITOKa3aTellb NPEJIOMIICHHSI HE MOXET OBITh



¢dyHkmen nokasarens npenomieHus”. 3amerbre, 4to 3to ckazan JI. J[. Jlanpay —
OJIMH U3 BBIIAOMMXCS (PU3UKOB HAIIETO BPEMEHN» (KOHEIl IIUTATHI).

) 3 HpI/IBCI[GHHOﬁ OUTAThl HEIIOHATHO, YTO UMCHHO UMEJI B BUAY aBTOP OTUX CJIOB.
OnHako Mocienylolue ero IyONuKauyd TOBOPST O TOM, YTO OH ATy KOHIETIHIO
npuHs [2].

Cpa3y, 3aberast Bmepeln, CIEAyeT 3aMETUTh, YTO TpaB ObUT MakcBes1, KOTOPBIH
CUNTAJ, YTO AMIIICKTPUUECKas M MarHUTHAasI IPOHUIAEMOCTh MaTePUANIbHBIX CpeX OT
YacTOTHI HE 3aBHCAT. B pszae ke pyHIaMEHTaTbHBIX Pa0OT IO AIIEKTPOAUHAMHUKE [2-
6] momyieHb! CephE3HBIC KOHIIENTYa IbHBIC, METOAUYCCKUE U (DHU3UUCCKUE OIIHOKH, B
pe3ynbTate KOTOPBHIX B (M3MKY IPOHUKIN W MPOYHO B HEH 3aKPENMINCh TaKHe
MCTa(bI/I?:I/I‘ICCKI/Ie IIOHATHUA KakK qaCTOTHAasA JUCTiepCcus )II/I3H€KTpH‘IeCKOﬁ
MPOHUIIAEMOCTH MaTepualibHbIX Cpel M, B YaCTHOCTH, IUIa3Mbl. PacnpoctpaHeHue
9TOHM KOHLENINHU Ha AMAJICKTPUKH MPUBEIO K TOMY, YTO BCE HadaJlM CUUTATh, YTO U
JIMDJIEKTPUYECKasl MPOHUIAEMOCTh JHUAJIEKTPUKOB TOXE 3aBHUCUT OT YacTOTBHL. OTH
¢u3nueckne 3a0MyXICHHS TPOHUKIN BO Bce cdepbl (U3MKKM W TeXHUKH. OHH
HACTOJBKO MPOYHO YKOPEHWINCh B CO3HAHUH CIIEIIMAIMCTOB, YTO MHOTHE 10 CHX IIOp
HE MOI'yT IOBCPUTH B TO, YTO AJUIJICKTPHUUYCCKAA IMPOHUIAEMOCTH IIJIa3Mbl paBHA
JUDJIEKTPUYECKOH TPOHHUIIAEMOCTH BaKyyMa, a JHCHEepCHs JHAJIEKTPUUECKOU
IIPOHULIAEMOCTHU JIHUAIEKTPUKOB OTCYTCTBYET. TpyIHOCTh IOHUMAHHUS 3TUX BOIIPOCOB,
B IMEpBYI0 oyepenb (U3UKaMH, CBsi3aHa C TEMH METOJaMH IIPENOAaBaHHs M TEMHU
¢ynnamentanbHbIMHA paboTamu, npexae Bcero JI. [I. Jlanmay, KoTopble JiexaT B
OCHOBE 3THX KypcoB. Jlemo B ToM, uto cam JlaHzmay, Kak BHAHO W3 €ro pabot, ObLi,
MpeXJe BCEro, MareMaTHKOM.  Ero Tpyzabl MOCTpOEHBI TakuM 00pa3oM, 4TO HX
OCHOBOW sIBIsieTCSl HE (U3MKA, JUIL ONHMCAHHWSA 3aKOHOB KOTOPOW HCIONB3YETCs
Mar€éMaThkKa, a Mar€MaThkKa, Ha OCHOBC KOTOpOﬁ BBIBOJATCSL (bI/ISI/I‘-ICCKI/IC 3aKOHBI.
VIMEHHO TakMM METOJOM M OBUIO CO3AaHO MeTaU3MUECKOe TOHSATHE 3aBUCAIIEH OT
YaCTOThI }II/ISJ'IeKTpI/I‘IeCKOI‘/II MPOHUIAEMOCTH IIJIa3Mbl U 3TO IMOHATHE TOXE YUCTO
MaTeMaTu4eckuM oOpa3oM, ©0e3 MOHMMaHUs  (U3MKH  IPOLECCOB,  OBUIO
pacnpocTpaHeHO Ha IUANIEKTPUKH. VIMeeTcss rpoMaaHOe KONWYECTBO ITyOIMKAIHMi,

HaunHas ¢ BCD w koHYas TpyAaMH TaKWX HW3BECTHBIX yU€HBIX, Kak Jpyze, Bymra,
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Xerucaiina, Jlangay, I'mu30ypra, Axwuesepa, Tamma [1-6], rme roBOpUTCS, YTO
JTUDIIEKTPUYECcKast MPOHUIIAEMOCTH TUIA3MBI U JHDJICKTPUKOB 3aBHCHUT OT YacTOTHL. DTO
eCTh rpy0as MeToauveckas U Qusnueckas omuoka. M oHa cTana BO3MOXKHOU IO TOH
MpUYMHE, YTO 0€3 [OJKHOTO TOHMMaHHS (U3UKKA TPOUCXOISIIUX IPOIECCOB
MPOU30IILTA TOAMEHA (PU3UICCKUX MOHATHH MATEMAaTHYCCKUMHU CHMBOJIAMHU, KOTOPBIM
OBUTM TPUCBOCHBI (PHU3MYECCKHE, a BepHEe MeETa(pU3UYCCKUEC, HAUMCHOBAHUS, HE

COOTBETCTBYIOIIIUC UX q)HBI/I‘ICCKOMy CMBICITY.
2. KnHeTnyeckasit MHAYKTHBHOCTb NPOBOASILIUX Cpes

IMon Ge3mmccHIATHBHBIMU TPOBOIAIIMMH (JIa3MOTIOAOOHBIMH) cpeJamMu OyaeM
HOHMMATh TaKhe, B KOTOPBIX 3apsibl MOTYT ABHUTaThCs Oe3 moTeph. K Takum cpenam
B IIEPBOM MNPHOJIMIKEHHH MOTYT OBITh OTHECEHBI CBEPXIIPOBOJHHUKH, CBOOOHBIC
9JIEKTPOHBI WM MOHBI B BakyyMe (B JaJIbHEHIIEM MPOBOAHUKH). /sl 9]I€KTPOHOB B
YKa3aHHBIX Cpelax B OTCYTCTBHHM MarHUTHOTO TIOJISi YpaBHEHHUE JBMKEHUS UMEET
BUJL:

dv —

mﬁzeE, 2.1

re 7 u € — Macca M 3apsj JIeKTPOHa, E- HAaIPsHKEHHOCTD JIEKTPHYESCKOTO MO,
V — CKOPOCTb JIBUKEHHUS 3aps/Ia.

B 1aHHOM ypaBHEHUH CUMTAETCSI, YTO 3apsi] AIEKTPOHA OTpHULIATENbHbIN. B padote
[6] mokazaHO, YTO STO ypaBHEHHE MOXET OBITh HCIIOJNB30BAHO W UL OIMCAHUSA
JBIDKEHUS] 3JEKTPOHOB B ropsdyed mina3me. [loaroMy OHO MoXeT ObITh
pacnpocTpaHeHo U Ha 3TOT CITy4ai.

HCHOJ’IBByﬂ BbIPpa>KCHUEC IJI IJIIOTHOCTH TOKaA

Jj =nev, 2.2)
u3 (2.1) mosryyaem MIOTHOCTh TOKA MTPOBOTUMOCTH
- nez -



B cootHomenuun (2.2) u (2.3) BenuuuHA A TPEACTABISAECT IUIOTHOCTH DJIEKTPOHOB.

Beens 0603HaueHmE

m
Lk 2—2 5 (24)
ne
HaxXoJuM
e
Jr _L_k-[E dt . (2.5)

B JaHHOM  CJIy4dac BCJIMYMHA Lk OpeaAcTaBIdACT YACIbHYHO KHUHETHUYCCKYIO

WHIYKTUBHOCTh HOcHTenel 3apsma [7-10]. Ee cymecTtBoBaHWe CBS3aHO C TeM, 4YTO

3apsn, uMes Maccy, oOnamaeT WHEPUMOHHBIMH  cBoiicTBamu. Jlns  ciydast

rapMonnueckux noneit £ = E sin@t coornomenue (2.5) 3anuuercs:

. 1 -
Jp=———E,coswt . (2.6)

ol "

3nechk U janee Ui MaTeMaTHYECKOTO OMHUCAaHHs IEKTPOJUHAMUYECKUX MPOLIECCOB
OyzmyT B OONBIIMHCTBE CIIy4aeB, BMECTO KOMIUIEKCHBIX BEIWYMH, HCIOJIb30BATHCS
TPUTOHOMETPUYECKHE (QYHKIHMUA C TeM, 4YTOObI OBbLIM XOpOLIO BUAHBI (ha30BbIe
COOTHOILLIEHUS MEXKIY BEKTOpaMHU, IPEACTABIIOIUMYU JJICKTPUYECKUE MO U

IUIOTHOCTH TOKOB.
U3 cootHomenns (2.5) n (2.6) BUAHO, YTO j, TpEeACTaBIAeT HHIYKTHBHBIH TOK,

T.K. ero ¢a3a 3ama3fblBacT 110 OTHOIICHUIO K HANPHKEHHOCTU 3NIEKTPUYECKOTrO MO
T
Ha yTol — .

Ecmm 3apdaabl HaXOAATCA B BAKyyMC, TO IIPpU HAXOXKACHUHU CYMMApHOI'0 TOKa

HY’KHO YYUTBIBATb U TOK CMCIICHUA

. O E

I ZSOWZEOEOCOSCUL



.. . T
BI/I,HHO, YTO I3TOT TOK HOCUT €MKOCTHOM XapakKTCp, T.K. €TI0 (1)332[ Ha — OIICPECKaACT

(ha3y HanpsHKEHHOCTH 3JEKTPUUIECKOTO MMoJst. TakuM 00pa3oM, CyMMapHast MIIOTHOCTh

TOKa coctaBuT [8-10]:

- JE 1 (5
JZ:SOW'FL—]{J‘ECZZ‘,
HIIn
Js = a)go—w—Lk E,coswt. (2.7

Ecmu 35eKTpoHBI HaXOIATCA B MATEpHAIBbHOM Cpesie, TO CIIEAYeT emé YIUTHIBAaTh ’
HAJIMYHE IIOJIOKUTEIBHO 3apsDKEHHBIX MOHOB. OMHAKO IPH PAacCMOTPEHWH CBOWCTB
TaKAX Ccpel B OBICTPONIEPEMEHHBIX MOJSIX, B CBS3M C TEM, YTO Macca HOHOB
3HAYUTEIHHO OOJIBIIE MACCH AIEKTPOHOB, X HAJIMUNE OOBIYHO HE YIUTHIBACTCS.

B cootHomrenuu (2.7) BeNMWYMHA, CTOSAIIAass B CKOOKax, MPEACTaBISCT CyMMAapHYIO

PCAKTUBHYIO MNPOBOANMOCTDH ,I[aHHOﬁ Cpeanbl GZ n COCTOUT, B CBOIO O4YCpEb, U3

€MKOCTHOW O ¥ MHAYKTUBHON O; INPOBOJUMOCTH

1

O,=0,.+0, =0, ———.
z C L 0 G)Lk
CoorHotenue (6.7) MOXKXHO NIEPEIHCATh U MO-IPYTrOMY:
2

= @, =
Js =w&,| 1-— | E cosar,
w

1
Lkgo

raec a)o = - IIJIa3ME€HHas 9acToTa JICHIMIOPOBCKUX KoJIeOaHUH.

U 31eck Bo3HMKAeT O0IIBIION coOIa3H HA3BaTh BETUUNHY

@, | 1

e*(w)=¢,)| 1-——
@



3aBHCALICH OT YaCTOTHI AMIIEKTPHUCCKON MPOHUIIAEMOCTBIO IUIa3Mbl, YTO M CACIaHO
BO BCEX CYLIECTBYIOIIMX paboTax mo ¢usmke Iuiasmbl. Ho 3TO HempaBMIIBHO, T.K.
JAHHBIM MaTeMaTHYeCKHH CHMBOJ SBISIETCS COOPHBIM IapaMeTpoM, B KOTOPBI
OJTHOBPEMEHHO BXOJUT JUAJIEKTpUYECKas IPOHHULAEMOCTb BaKyyMa U YJeJbHas
KHHETHYECKasi HHIYKTUBHOCTD 3aps/I0B.

C uenplo fanpHEMIEd KOHKPETH3allUM PAacCMOTPEHHUS BONPOCOB JUCIEPCUU
BBEJEM ONpPEAEICHHUE OHATHS JUIEKTPUIECKON IPOHUIIAEMOCTH CPEABI sl Cay4dast
[IEPEMEHHBIX OJIEH.

Eciu paccMmotpeTs mr00yio cpemy, B TOM 4YHCIE U IUIa3My, TO MIOTHOCTh TOKOB
(B mampHeiimem OyaeM COKpamEHHO TOBOPUTH MPOCTO TOK) OyAeT OmpeneisThCs
TPpEMs COCTABJIAIONIUMHU, 3aBUCAIIHUMHU OT DJICKTPHUUYCCKOI'O ITOJIA. Tox PE3UCTUBHBIX
noteph GyseT cuH(baseH SIEKTPUIECKOMY MO0, EMKOCTHON TOK, ompeenseMblii

HepBOﬁ HpOI/IBBO,Z[H()ﬁ QJICKTPUYCCKOT'O TIIO0JIA IO BPEMCHU, 6yﬂ€T OIICPCIKATh

T
HaPs’)KEHHOCTD 3JICKTPUYCCKOI'O ITOJIA I10 an3e Ha —. OTOT TOK Ha3bIBAETCS TOKOM

2

cMmemeHns. TOK HPOBOAMMOCTH, ONpPENeNsIeMBbIi WHTETPAIOM OT 3JIEKTPHYECKOTO
T
MOJIst IO BpeMeHH, OyZIeT OTCTaBaTh OT 3JIEKTPUYECKOro MmoJjs no ¢ase Ha 5 Bce

TPH YKa3aHHBIC COCTABIAIONINE TOKAa M OYIYT BXOAHWTH BO BTOPOC YPaBHCHUC
MaxkcBena U IPYTHX COCTABISIONIMX TOKOB OBITH He MoxeT. [Ipuuém Bce 3TH Tpu
COCTaBJISIIOIINE TOKOB OyIyT MPUCYTCTBOBAaTh B JIOOBIX HEMarHWTHBIX Cpelax, B
KOTOPBIX HMMEIOTCS  TEIUIOBBIE  TOTEPH. IToaToMy BIOJIHE €CTECTBEHHO,
JIMDJIEKTPUYECKYI0 MPOHUIIAEMOCTD JII000M Cpelbl ONMpelenuTh Kak KOd(PHIUEHT,
CTOSIIIMHN TIepe]l TEM WICHOM, KOTOPBIA ONPEeNsSIeTCs MPOU3BOIHOM AIIEKTPUIECKOTO
T0JIS [0 BPEMEHU BO BTOPOM ypaBHeHUM Makcsemia. [Ipu sToM cneayeT yuecTs, 4To
JUDIICKTPUIECKast IIPOHUIIAEMOCTh HE MOXET OBITh OTPHUIIATSIFHON BETUYUHONW. DTO
CBSI3aHO C TE€M, YTO 4Yepe3 ITOT MapaMeTp ONpPEAEINSeTCS JSHEPTHUS IINEKTPUUECKUX
MOJIEH, KOTOpast MOXKET OBITh TOJIBKO MOJOKHUTEITHHOM.

He BBeass Takoro 4é€TKOro ONpEAENICHUS IUAIEKTPUYECKOHM IPOHULIAEMOCTH,

Jlanmay © HauMHAeT pPACCMOTPEHHME TIOBEACHUS IUIa3MBI B  IIEPEMEHHBIX
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QJICKTPHUUCCKUX TTOJIAX. HpI/I 3TOM OH HC BBIIIMCBIBACT OTACJIIBHO TOK CMCHICHHUA U TOK
MPOBOAUMOCTH, OAMH U3 KOTOPBIX OMNpEIEsieTCs] MPOU3BOAHOW, a JIpyrou
WHTETPAJIOM, a CBaJIMBA€T JTHU JBa TOKa B OIHY Ky4y, BBOASA IUDJIEKTPUYECKYIO
MPOHULIAEMOCTh IIa3Mbl. JlenaeT OH STO NO TOH INpUYMHE, YTO B CIydae
TapMOHMYECKUX KOleOaHMH BHA (QYHKIWH, ONPENENSIONIEH M TPOU3BOJHYIO H
UHTErpan, OJUHAKOB, a OTIMYAIOTCS OHM JHIIb 3HakoM. IIpom3Bons Takyro
orepanyio, Jlangay He NMOHMMAET, YTO B CiIydae TAPMOHHYECKHX 3JIEKTPHUYECKHX
MoJel B IUIa3ME CYIIECTBYIOT [jBa Pa3lMYHBIX TOKA, OAWH M3 KOTOPBIX SIBISIETCS
TOKOM CMCIICHUA, U ONPEACIIACTCA HH3HCKTqueCKOﬁ IMPpOHUIIAEMOCTBIO BaKyyMa U
IIPOU3BOJHOM OT AJIEKTPUUECKOro NoJjs. Jpyroi TOK ABJISETCS TOKOM IPOBOAUMOCTH
U OIpPCACIACTCA yI[CJ'IBHOﬁ KUHETHYECKOM WHAYKTUBHOCTBIO W HHTErpajioM OT
anexTpuydeckoro mnois. [Ipnuém 3t nBa Toka npoTuBogasHel. A MOCKOJIBKY 00a ToKa
3aBUCAT OT 4YacCTOTHI, IPUYEM OJUH U3 HHUX 3aBHCHUT OT 4acTOTHI JUHEWHO, a Apyrou
00paTHO MPOMOPLHMOHAIBHO YaCTOTE, TO MEXIY HUMH MMEET MECTO KOHKYPCHIHS.
[Ipn HU3KKMX YacToTax mpeobiazaeT TOK MPOBOIMMOCTH, IIPH BBICOKHX, HA00O0pOT,
npeobasaeT TOK CMeIIeHns. B ciydae ke paBeHCTBa 3THX TOKOB, YTO UMEET MECTO
Ha IUIa3MEHHON 4acTOTe, UMEET MECTO PE30HAHC TOKOB.

ITomuepkHEM, YTO B MIPUHIUIIE, C MATEMATUYECKOM TOUKM 3peHHs, TaK KaK MOCTYIHII
Jlanpay, mocTynare MOKHO, HO IIPU 9TOM TEPSIETCS MOCTOSIHHAs WHTETPUPOBAHUS,
KoTopast HeoOxomuma Juisi  yu€ra HayalbHBIX YCIOBUH TpU  pELICHHH
uHTErpoAn(pGEepeHIINaTBHOTO ypPaBHEHHS, OMNPEACIAIONIEro IUIOTHOCTh TOKa B
MaTepHUaIbHOU cpere.

Bepra u npyrast Touka 3penus. CoorHorreHue (2.7) MOXKHO Tepenucarb U I0-

Apyromy:

E, cos ot

U BBECTU APYroil MaTeMaTU4ECKUI CUMBOJI



L L
L*(a))z 2k =— k
o oL g -1
@

B naHHOM ciiyyae Takke BO3HHMKAeT cOOJa3H HA3BaTh ATy BEIUYMHY 3aBUCAIICH OT
YacTOThl KWHETUYECKOU HHAYKTUBHOCTBIO. Ho oTy BCJIMYUHY Ha3bIBaThb
MHAYKTUBHOCTBIO TOXKE HCJIb35, ITOCKOJIbKY 3TO TaKiKeE C60pHLII>i napameTp, KOTOpLIﬁ
BKJIIOUaeT B cebs He 3aBUCAIINEC OT YaCTOTbl KUHCTUYCCKYHO HWHAYKTUBHOCTH H
JUDJIEKTPUYICCKYIO MPOHUIIAEMOCTH BaKyyMa.

Takum 006pa3oM, MOXKHO 3aITHCATh:

Js = we *(w) E,cosat,

nIn

Jy =———— E,cosart .

' wL*(w) °

Ho 310 Bcero nmumib CHMBOJIMYECKas MaTeMaTHyYecKas 3alliCh OIHOTO U TOTO JKe
cooTHomIeHus (2.7). Oba ypaBHEHHs SKBUBaJICHTHBL. Ho ¢ (u3nyeckoit Toukn 3peHust

i € *(w), nu L* (@) nmsnekTpuyeckoll NPOHUIAEMOCTHIO WIH WHIYKTHBHOCTBIO

He ABJ0TCS. DU3nueckuil CMbICT MX HA3BAHUN 3aKJIFOYAETCS B CIEAYIOLIEM:
o
* _ X
& (a)) - )
w

T.e. £€*(wW)  TpencTaBISET CYMMapHYI0 PEaKTHBHYIO IIPOBOIMMOCTB CPEBI,

JICIIEHHYIO Ha 4acToTy, a

1

o

L *(0)=

NIPEACTaBIseT OOpPaTHYIO BEJIMYMHY TIPOM3BEAEHHS YacCTOTBI W PEaKTHBHOU
MPOBOANMOCTH CPEJIBI.
Kak HyXHO mocTymaTh, €ClIM B HAalleM PacHOPsDKEHHH HMEIOTCS BEIWYHHBI

e*¥(w) u L*(w), a HaM HeOOXOAMMO BBIMUCIMTh MOIHYIO YAEIbHYIO DHEPIHUIO.



EcTecTBEeHHO MOMACTABIATh ITH BEIWYMHBI B (POPMYJIBI, OINPEACIIAIONINE SHEPTHUIO
3JIEKTPUUYECKUX MOJIEH
1
_ 2
Wy = EgoEo

Y KHHETHYECKYIO SHEPTHIO HOCUTEJICH 3aps10B

1
W, =5 Ly s 2.8)

HEJIB3sd MNPOCTO IMOTOMY, YTO OTHU MNapaMETpbl HE SABJIAIOTCA HU }IHBHCKTqueCKOﬁ
MPOHUIAEMOCTBIO, HU HWHAYKTHBHOCTBLIO. Hepr[[HO Moka3aTb, 4YTO B 3TOM Cjiy4ac

MoJiHas yJACJIbHas SHEPTUA MOXKET OBITH oJjiyuceHa U3 COOTHOUICHUA

_1 d(ez*(@)

Wy 5 — E;, (2.9)
OTKYyJa noJrydacm
1 1 1 1 |
VVE =§€OE§ +§ a)z—Lk Eg ZESOEg +§ij§ .

ToT e pe3yabTaT MoJy4ruM, BOCIIOIb30BABIIUCH (POPMYJIIOH

1
d - -
oL 2L @]
2 do o

[IprBeneHHbIE COOTHOIICHWS IIOKA3bIBAIOT, YTO YAEIbHAS O3HEPIHUsS COCTOMT U3
MOTEHUUAJILHONW 3HEPTUU SJIEKTPUUECKUX MOJIEH U KUHETUYECKOW 3HEPTUH HOCUTENEH
3apsII0B.

[Ipu paccMoTpeHnu MOOBIX cpel Halllel KOHEYHOH 3a1a4ell SBIIETCS HaXOXKICHUE
BOJIHOBOTO YpaBHEHUs. B 1aHHOM cilydae 3Ta 3a7a4a yxe IpaKTUIEeCKU pellleHa.

YPaBHeHI/IH MakcBesia Jijist 3TOTro Cjiydyas UMCHOT BU:
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O H

rot E:_'UOW,

P (2.10)
rot H=¢,——+— | E dt,
00t ij

rac 80 n ,Llo — AUDJICKTPUYECCKAasA U MarHUTHas IPOHUIIAEMOCTb BaKyyMa.

Cucrema ypaBHeHHH (2.10) MOJHOCTBIO ONMCHIBAET BCE CBOMCTBA OE3MCCUITATHBHBIX
HIpOBOIHMKOB. 13 He€ momydaem

= O'H LM
rot rot H + 1. 20 =0. 2.11
Hy 00"1‘ L (2.11)

Jns cimydas mojed, He 3aBUCSIIMX OT BpeMeHH, ypaBHeHue (2.11) mepexoaut B
ypaBHeHue JIOHIOHOB
rot rot H+ﬂH=0 ,
Lk
L

2
e A,° = —k _ nonnonosckas riIyOMHA IPOHUKHOBEHHUSL.
0

TakuM 00pa3zoM, MOXKHO 3aKIFOUUTh, YTO ypaBHEHUS JIOHIOHOB SIBIISASICH YaCTHBIM
ciydaeM ypaBHeHHs (2.11), 1 He YUHTHIBAIOT TOKOB CMemleHHs B cpene. [lostomy
OHM HE J[al0T BO3MOXXHOCTH IIONYy4YHTh BOJHOBBIC YPAaBHEHMS, OIMCBHIBAIOIIHUE
MIPOIIECCH PACIIPOCTPAHEHHUS HIIEKTPOMArHUTHBIX BOJH B CBEPXIPOBOJIHUKAX.

Jna snexTpuyeckux IoJed BOJHOBOE YPaBHEHHE B 3TOM CIydae BBITJIAUT

CIIeIyIOIMM 00pa3oM:

rotrotE+,uO¢90§t ’UOE 0.
k

I[.H}I TIOCTOSTHHBIX 3JICKTPUYCCKUX MOJICH MOKHO 3aITiCaTh

rotrotE+’u°E 0.
Lk
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CrnenoBatenbHO, TOCTOSHHBIC AJIEKTPUYECKHUE TOJII NMPOHUKAIOT B CBEPXIIPOBOJHHUK
TaKUM XKe 00pa3oM, KaKk M MarHWTHbIE, YObIBas MO 3KCIIOHCHLIHAIBHOMY 3aKOHY.

IIn0THOCTH K€ TOKA IIPU 3TOM PACTET 10 JUHEHHOMY 3aKOHY
L 1=
J = —J.E dt.
L,

[TpoBeneHHOE PACCMOTPEHHE MMOKA3al0, YTO JUIJICKTPUYECKas MPOHHIIAEMOCTh
JAHHOW Cpelapl paBHA JAWDICKTPHUYECKOW MNPOHHUIIAEMOCTH Bakyyma M 93Ta
MPOHMIIAEMOCTh OT YacTOThI HE 3aBHCHT. DTOMY IapaMeTpy O00s3aHO HaKOIUICHHE
MOTeHIMANbHOW JHepruu. Kpome Toro, Takym cpeoy XapakTepusyer emé u
KUHETHYCCKAs] MHIYKTHBHOCTh HOCUTEIICH 3apsI0B U 3TOT MapaMeTp OTBETCTBCHEH 3a
HAKOTLJICHUE KHHETUYCCKOM SHEPTHU.

Takum 00pa3oM, MOJyYCHBI BCE HEOOXOIMMBIE JaHHbBIC, XapaKTEPU3YIOIIHE
MPOIIECC PACTIPOCTPAHEHHSI IIEKTPOMATHUTHBIX BOJIH B PACCMOTPEHHBIX MPOBOISIIAX
cpenax. OmHAaKO B OTIMYME OT OOMICTIPHHATOW METOIUKH [2-4] MPH TaKOM
PacCMOTPEHUU HUTJIE HE BBOJMJICS BEKTODP MOJSIPU3ALNU, & B OCHOBY PAacCMOTpPEHHUS
MOJIOKCHO YpPaBHEHHE IBMKCHHS M MPH 3TOM BO BTOPOM YpaBHEHHH MakcBeiia
BBIITUCBIBAIOTCS BCE COCTABIISAIONINE TUNIOTHOCTEN TOKOB B SIBHOM BHJIE.

JlaHHOE paccMOTpeHHME IIOKa3ajJ0 HE TOJBKO TO, YTO YaCTOTHAS JUCHCPCHSI
JUDIICKTPUICCKON MPOHUIIAEMOCTH Y MPOBOJHUKOB OTCYTCTBYET, HO M TO, YTO JJIS
MPaBUIILHOTO OIUCAHUS MX (PU3MYECKUX CBONCTB HEOOXOIMUMO MPUMEHEHHUS TTOHSITHUS
KHHETHYCCKON MHYKTUBHOCTH 3apSJIOB.

B paaroTexHUKe CYIIECTBYET MPOCTOH METOJ NPEACTABICHHS PAIHOTEXHUICCKUX
JJIEMEHTOB M MAaTepPHAIbHBIX CPEJl MPU MOMOIIHM SKBUBAICHTHBIX CXeM. JTOT METO[
SIBIIICTCS. OYEHb HATJISATHBIM M JaET BO3MOKHOCTDH IMPEICTABISATh B BHIE TAKHX CXEM
JJIEMEHTHI, KaK C COCPEIOTOYCHHBIMHU, TaK M C PACIPEACICHHBIMU MapaMETpPaMH.
Vcnosnp3oBaHue 3TOro MeTOoAa IMO3BOJISET HAM  JIy4Illle MOHSTh, MOYEMy OBLIH
JIOMTYIICHB TaKUe CYIIECTBEHHbIC (U3MYECKUE OINMMOKHM TIPU BBEICHUU IOHATHUS

SaBHCSIH.Ieﬁ OT YaCTOThI JUIJICKTPHUICCKAA TPOHNITACMOCTb.
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YroObl MoKa3aTh, YTO CAUHUYHBIA 00BEM MPOBOJAHHMKA HJIM IUIa3MbI [0 CBOMM
3JEKTPOAUHAMUYECKUM XapaKTEPUCTUKAM SKBHUBAJICHTCH apajIeIbHOMY
PE30HAHCHOMY KOHTYpPY C COCpPEIOTOYEHHBIMH TlapamMeTpamH, pacCMOTPUM
HapajulelbHBI PE30HAHCHBIA KOHTyp, korga emkocTh C U HHIYKTHBHOCTL L

BKJIIOUEHBI Mapayuienbao. Cesasb Mexay HanpsokeaueM U, MPHIIOKEHHBIM K KOHTYDY,

U CyMMAapHbIM TOKOM IZ , TCKYHIEM 4Y€PE3 TaKYyIO LCIIb, UMCCT BU

I,=1I.+ Cd—U J.U dt,

dU
rne [.=C—— — Tok, TeKkymuii 4epe3 eMKoCTb, a [, = ZJ.U dt — TOK, TeKymmit

dt

Yepe3 UHIYKTHBHOCTb.
Jlnst citydast rapMoHmdeckoro Hanpspkerns U = U, sin ot nonydaem

1
I, = a)C—E U,coswt. (2.12)

BeJ'II/I‘-II/IHa, crosdamias B c1<061<ax, MNpeACTaBJIA€T CYMMApHYIO  PCaKTHBHYIO

MMPpOBOAUMOCTH O'Z paCCMO’I‘peHHOﬁ nenr u COCTOUT, B CBOKO OYUCPEIb, U3 €MKOCTHOM

O, ¥ UHAYKTHBHOW O, NPOBOAUMOCTH

1
Oy =0,.+0, —a)C—E

CootHomenue (2.12) MOXXHO IepenucaTh CIEAYIONIIM 00pa3oM:

a)Z
I, =wC|1-—% | U cosar,
o

1

2
rae @, = ic " PE30HAHCHAS YacTOTa MapalieNIbHOTO KOHTYpa.

u 31€Ch, TAKKC KaK U B ClIy4ac IPOBOJHHUKOB, BO3HHUKACT CO6J'Ia3H, Ha3BaThb BCIIMYUHY

@; 1
C*(w)=C|1-—= |=
(@) * ®*L

: (2.13)
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3aBUCSIIEN OT 4YacTOThl EMKOCTHIO. C wmaremaTuueckod (MOJYEpKUBAIO, C
MaTeMaTH4ecKo, HO He C (u3Mueckol) TOYKM 3peHHs BEICHHHM TaKOrO0 CHMBOJA
€CTECTBEHHO, OJHAKO HEIONMYCTHUMBIM SBIISETCS IMPHUCBOCHHE €My IpeaaaracMoro
Ha3BaHUs, T.K. 3TOT MapaMeTp HUKAKOTO OTHOLIEHUS K UCTUHHOW EMKOCTU HE UMEET 1
BKJIIOYaeT B ce0s OJHOBPEMEHHO M EMKOCTh M MHJIYKTUBHOCTH KOHTYpA, KOTOpPBIE OT
YacTOTHI HE 3aBUCST.

Bepna n npyrast Touka 3perns. CooTHomeHue (2.12) MOXXHO mepenucars U I0-

Apyromy:

C()Z

. |
)
e

U CYMUTATh, UTO paccMarpuBacMas LCIb BOOGL[IC HC UMCCT EMKOCTH, a COCTOUT TOJIBKO

U,coswt,

us3 3&BI/IC$IHI€I>1 OT 4aCTOTbl MHAYKTHUBHOCTHU

L*(w)= L . L (2.14)
ai_l o' LC -1
@,

Ho, Tak xe kak u C *(®), Benmunny L * (@) Ha3biBaTh WHIYKTUBHOCTBIO HENB3A,
TIOCKOJIKY 3TO TOXE COOPHBI MapameTp, BKIIOYAIOMMUA B CeOs OJHOBPEMEHHO
EMKOCTb M MHIIYKTHBHOCTb, KOTOPBIE OT YaCTOTHI HE 3aBUCT.
Hcnons3ys Beipaskenus (2.13) u (2.14), 3anumiem:
— (¥
I, =wC*(w) U,coswt, (2.15)

nim

I = !

5 _a)LT(a)) (]0 coswt . (2.16)

Coortnomenus (2.15) u (2.16) SKBHBaJCHTHBI, U MO OTICIBHOCTH MATEMAaTHUCCKU

MOJTHOCTBIO XapaKTePH3YIOT PaCCMOTPEHHYIO memb. Ho ¢ (Gu3nveckoil TOUKM 3peHust
c* L*

HU @), HU (¥) €MKOCTBIO U UHIYKTUBHOCTBIO HE SIBJISIFOTCS, XOTS U UMEIOT

TY K€ pasMCPHOCTD. Du3ndecKkuii CMBICI UX Ha3BaHWH 3aKIII0YACTCS B (U (13710119 N
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-5

T.e. C*(w) mupencraBnser OTHOIIEHWE PEAKTUBHOM MPOBOIMMOCTH JAHHOMN IENU U

9acTOTHI, a
% 1
L*(w)= ;
W0
SIBIISIETCSI obpaTHOH BEJIMYNHON TIPOM3BENEHHUS CYMMAapHOW pEaKTHBHOU

IIPOBOAUMOCTH U YaCTOTEI.

HakamnmmBaemass B EMKOCTH U UHAYKTUBHOCTU OHEPrus, OIPECACIACTCA U3

COOTHOIIICHUH
1 >
W =5CU. 2.17)
| QU
W, =5 LI (2.18)

Kakum o0Opazom cieayeT mocTynaTh Al BEIYMCICHUS SHEPIUY, HaKONUBILEHCS B
KOHType, ecnu B HameM pacropsokennn umerores C*(@w) n L*(@)? Koneuno,
BCTaBJISITh 3TH COOTHOLIECHUS B hopmyiibl (2.17) u (2.18) Henb3st yke X0Ts ObI HOTOMY,
YTO 3TH BEIUYUHBI MOTYT OBITh KaK ITOJIOKHTENHHBIMH, TaK M OTPHLATEIBHBIMH, a
9HEprusi, HAKOIMBIIASCS B €MKOCTH W WHIYKTHBHOCTH, BCEria IMojioxuresbHa. Ho
€CIIM JUISl OTHX IeNied TI0JIb30BaThCsl yKa3aHHBIMH I1apaMeTpaMH, TO HETPYIHO

MOKa3aTh, YTO CyMMapHas OSHEpTus, HAKOIUICHHAas B KOHTYpPE, OIpPEIEIsIeTCs

BBIPDAKCHUSIMU
1 do, .,
Wo=5 U (2.19)
50051
1 d[oC*(w)]
We=5 ———— U, (2.20)
nJin

15



1
W 1 d ol * (o)
) do

Ecmu pacnucate ypaBHenus (2.19) wm (2.20) u (2.21), TO HOIy4uM OAMHAKOBBII

U,. (2.21)

pe3ynbTaT, a MIMEHHO:
1

1
W, = 5CUO2 + EL]OZ,

rac UO — €CTh aMIUINTyJda HaIllpsHKEHUS Ha éMKOCTI/I, a 107 aMIIJINTyaa TOKa,

TEKYIIETO Y€PE3 NHAYKTHUBHOCTD.
Ecmu CpPaBHUTL COOTHOWICHUSA, TMOJYYCHHBIC IJId HapauIeJbHOro0 pE30HAHCHOI'O

KOHTYpa U Jid MPOBOAHUKOB, TO MOXXHO BUIACTH, YTO OHU UJACHTHUYHBI, CCJIU CIACIIaTh

3aMeHy EO - UO’ jO - ]0, & Cu Lk — L. Takum 0o6pa3oM, eMHUYHbIIT

00bEM TIPOBOJHMKA, TPH OJHOPOJHOM DACIPENCIICHHH O3JICKTPUYECKUX MOJed u
IUTOTHOCTEH TOKOB B HEM, SKBUBAJICHTCH MapaUICIbHOMY PE30HAHCHOMY KOHTYDY C
YKa3aHHBIMH COCPEIOTOYCHHBIMH IapameTpamu. [Ipu 3ToM E€MKOCTh TaKOTO KOHTYpa
YHCIEHHO pPaBHA AMAICKTPHUUYECKOM NPOHHLIAEMOCTH BaKyyMa, a HHIYKTHBHOCTh
paBHA yJENbHON KHHETUYECKON HHAYKTUBHOCTH 3aps10B.

A Temepp mpencraBUM cede TaKylo CUTyauuio. B ayauTopuio, rie HaxonsTcs
CHENMAINCTHI, 3HAIONIME PaJUOTEXHUKY, C OJHOM CTOpPOHBI, U MaTEeMaTUKU — C
JIpyToil, MpUXOJUT MNpernoAaBaTeNb M HAUMHACT JIOKa3blBaTh, YTO HET B INPHUPOJE
HUKaKUX EMKOCTEH M MHIYKTHBHOCTEH, a CYyHIECTBYET TOJIBKO 3aBHCAIIASI OT YaCTOTHI
€MKOCTh M YTO OHA-TO W NIPEICTABISIET MapajlIeNIbHbII pe30HAHCHBIN KOHTYp. Mnu,
HA000pOT, YTO MHapaUICNIbHBI PE30HAHCHBIM KOHTYpP 3TO 3aBHCAINAS OT YaCTOTHI
MHIYKTUBHOCTh. C TakoW TOUYKOW 3peHHs MaTeMaTHKH cpasdy cormacsartcs. OgHako
PAaAUOTEXHUKU MMOCYUTAIOT JICKTOPA YCJIOBEKOM C OYCHb OIpaHMYCHHBIMU 3HAHUAMU.
VIMeHHO B TaKOM MOJI0)KEHUH OKa3aJIMCh cefdac Te yu€Hble U CIEeLUaNNUCThI, KOTOPHIE
BBEJIM B (DU3UKY YACTOTHYIO AUCIIEPCHUIO TUIIEKTPUIECKON TPOHUIIAEMOCTH.

Takum 00pazoM, HONydYeHBI BCE HEOOXOAMMBIC JaHHbBIE, XapaKTepU3YIOLIHe

nmponecc pacrnpoCTpaHCHUsA SJJICKTPOMArHUTHBIX BOJH B PACCMOTPCHHBIX Cpeaax, a
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TaK)Ke MOKa3aHo, YTO B KBAa3UCTATUYECKOM PEKHMME DIICKTPOAMHAMUYECKHUE TPOIIECChI
B INPOBOJHMKAX MOAOOHBI INPOIECCAM B MapaUIEIbHOM PE30HAHCHOM KOHTYpE C
COCPEIOTOYEHHBIMH MapameTpaMu. OHaKO, B OTIMYHE OT OOICHPUHATON METOIUKH
[2-5] IIPA TakOM PAcCCMOTPEHHM HHI/E€ HE BBOJAWIICS BEKTOpP MNOJISAPH3ALUHN B
MIPOBO/IHUKAX, & B OCHOBY PacCMOTPEHMS IOJIOXKEHO YpaBHEHHE JABWKEHHS, W TPH
9TOM BO BTOPOM YypaBHEHMHM MakcBelula BBIUCHIBAIOTCSI BCE COCTAaBIISIONINE
IUTOTHOCTEH TOKOB B SIBHOM BHJIE.

Tenepr Ha mpumepe pabOTHI [2] paccMOTPHM BOIPOC O TOM, KaKUM OOpazoM
peuiaroTcs HO}IO6HBI€ 3aga4yv, Koraga g4 UX PEHICHHUA BBOJAUTCA IMOHATHUEC BEKTOpPA
nonspusanun. Ilaparpad 59 stoit paboThl, IIe paccMaTpUBaeTCsl TOT  BOIPOC,
HAuMHAETCsl clIoBaMH: « MBI MepexoJuM Tenepb K M3y4eHHI0 BaKHEHIIEro BOIpoca O
OBICTPOTIEPEMEHHBIX JJIEKTPUYECKUX TIONSAX, YaCTOTHl KOTOPBIX HE OTpPaHHYEHBI
YCIIOBHEM MaJIOCTH MO CPAaBHEHHUIO C YaCTOTAMH, XapaKTCPHBIMHU IUISi yCTAHOBIICHUS
JJIEKTPUYECKONH M MarHUTHOHM MOJISIpU3aliiy BEIIECTBa» (KOHEL LUTAThl). DTH CIIOBa
03HAYalOT, YTO paccMaTpHBaeTCs Ta 00JACTh YacTOT, TAE€ B CBSI3M C HATHIHEM
WHEPIMOHHBIX CBOWCTB  HOCHTENICH 3apsAfoB MONApH3alMs BELIECTBA HE OyaeT
JocTuraTh €€ crarndeckux 3HadeHuil. Ilpu panpHeiieM paccMOTpEHUHM BOIIpPOCA

JIeNIaeTcsl 3aKII0YEHUE, YTO «B JIOOOM IEPEMEHHOM I10JIe, B TOM YHCIIE NPH HAIHIHU
JMCTIepCHM BEKTOp nonspusanun P ZD—é‘OE (3meck u manee Bce LIUTHPYEMBIE

¢dopmynsl  3anmceiBatoTcst B cuctemMe CH) coxpansier cBoil (HM3MYECKHIl CMBICIT
JNEKTPHIECKOTO MOMEHTa eIUHHUIBI 00bhEMa BemecTBay (KoHel uuTaThl). [IpuBeném
emé oxHy umrary: «OKkasplBaeTcs BO3MOXKHBIM YCTaHOBHTH CIIPaBEIMBBIN IS
nr00bIX Teu (0e3pa3IuyHO — METAJUIOB WM TMDJICKTPUKOB) IPECbHbIN BU GYHKIMN

8(60) npyu OOJBIIMX YacToTaxX. VIMEHHO dYacToTa MOJsA JOJDKHA OBITh BEJHKA IO

CPaBHEHUIO C «4aCTOTaMU» JIBIXKEGHUs BceX (WIIM, 1O KpaiHed Mepe, OOJBIIMHCTBA)
JJIEKTPOHOB B aTOMaxX JAaHHOrO BelecTBa. IIpu coOmroeHuu 3TOro ycIoBHS MOXKHO
MIPY BBIYMCIICHNH TIOJISIPU3AlNY BEIIECTBA PACCMATPUBATH 3JIEKTPOHBI KaK CBOOOHBIE,
npeHeOperas WX B3aWMOAEHCTBHEM APYT C IPYroM M C SIApaMH aTOMOB» (KOHEI]

IIUTATHI).
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Jlanee, kak 3TO c€NaHO U B IaHHOW pabOTe, 3alMChIBACTCS YPABHEHUE JIBHIKEHHUS

CBOOOJHOTO JIEKTPOHA B IEPEMEHHOM DJIEKTPHYECKOM I10JIe

m% o
dt

OTKYyJla HAXOAUTCA €ro CMEIICHUE

—

eE

2
ma

rF=—

3aTeM TOBOPHUTCS, YTO MOJSPUBAIIHS P €CTh JUIOJILHBIA MOMEHT €IMHHILI 00bEMA
1 MOJTYYCHHOC CMCIICHNUEC BCTABJIACTCA B IOJIAPpU3ALIATIO

= ~  né’E

P=ner= -
mao
B nmaHHOM ciydae paccmaTpuBaeTCs TOYEUHBIA 3apsal, W 3Ta Olepalus O3Ha4yaeT
BBCIACHHC DJICKTPUYCCKOr0 JAUIIOJIBHOIO0O MOMCHTA JId ABYX TOYCYHLIX 3apsAd0B C
MMPOTUBOIOJIOKHBIMU 3HAKAMU, PACIIOJIOKEHHBIMU Ha PACCTOAHUN 7_’:

p,=—er,

TAC BEKTOP fHanpaBneH OT MOJIOKHUTEIIBHOTO 3apdaa K OTpUIATCIbHOMY. 3TOT miar
BBI3BIBACT HeﬂoyMeHI/Ie, MOCKOJIBKY paCCManI/IBaeTCH TOUYEYHBIN Z')J'ICKTPOH, nu ‘ITO6BI
TOBOPUTH 00 AIIEKTPUYICCKOM AMIIOIFHOM MOMEHTE, Hy)KHO HUMETh B 3TOH cpene Ui
KaXJIOr0 JJIEKTPOHA 3aps] NPOTUBOIOJIOKHOTO 3HAKAa, OTHECEHHBIM OT HEro Ha
paccTosiHue 7. B JaHHOM e Cllydae pacCMaTpPHBAETCS a3 CBOGOIHBIX IEKTPOHOB,
B KOTOPOM OTCYTCTBYIOT 3apsifibl IIPOTHBOIIOJIOKHBIX 3HaKoB. [lamee cuenyer
CTaHJapTHad Ipoueaypa, Korja BBC].'[éHHI)Iﬁ TAaKUM HC3aKOHHBIM CHOCO6OM BCKTOD

NoJigpu3alii BBOAUTCA B AUIJICKTPUYCCKYIO IPOHUIIAEMOCTD

— — — — 2_' —
D=g,E+P=g E-"0E ¢ 1 L e
mao P

a IMOCKOJIbKY IJIa3MCHHAsA 4aCTOTa OINPEACIACTCA COOTHOLMICHUEM
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wi=——,
Eoly
Cpasy 3aliChIBAETCS BEKTOP UHIAYKIIUH
2
- a)p -
D= 80 1—72 E.
(0]

[Tpu TakoM MOAXO/IE MOJIyYaeTCsl, YTO KOAPPHUIIUESHT ITPOIIOPIIHOHATIBHOCTH

() 1 pz
eE\w)=¢ - ,
0 (02

MEXKIY AJIEKTPHUYECKUM MOJIEM M AJICKTPHUECKON MHIYKIMEH, HE3aKOHHO Ha3BaHHBIN
JHMDJICKTPUYECKOM IPOHUIIAEMOCTBIO, 3aBUCUT OT YaCTOTHL.

VIMeHHO TakoW MOAXO0X U NPUBEI K TOMY, YTO BCE HayaJld CUUTATh, YTO BEIMUYUHA,
CTOsILIasl B OTOM COOTHOLICHUH TIEPEJ BEKTOPOM BIIEKTPHUYECKOTO TIIOJIsl, €CTh
3aBUCSIIAsT OT YaCTOTHl JUAJIEKTPUYECKass IPOHHUIAEMOCTb, W DJIEKTPHYECKas
MHIYKLUS, B CBOIO OY€pelb, TOXKE 3aBUCHT OT 4acTOThl. I 00 3TOM TOBOpHTCS BO
BCeX, 0e3 WCKIIoueHHs, (yHAAMEHTAIBHBIX pabdoTax IO 3JIEKTPOINHAMHUKE
MaTepHaIBHBIX cpex [2-6].

Ho, xak OBUIO MMOKa3aHO BBINIE JTOT MapaMeTp He SBISAETCS IUIICKTPUYECKOH
NPOHHUIIAEMOCTBIO, @ TPEICTABIACT CYMMApPHYIO PEAKTHBHYIO IPOBOJIMMOCTE CPEMBL,
JISIIEHHYI0 Ha 9acToTy. TakuM 00pa3oM, TpaaAWIIMOHHBIN MMOAX0 K PEHICHHUI0 JaHHON
3a1aull ¢ (PU3MYECKOW TOYKM 3pEHUs SBISIETCS OLIMOOYHBIM, XOTS (POPMAIBHO C
MaTeMaTHYeCKOH TOYKH 3PEHMSI TaKOW MOAXOJ JOMYCTHM, OJHAKO IPH 3TOM HET
BO3MOXKHOCTH y4€Ta HayalbHBIX YCIOBUH TIpM BBIYMCICHWU HWHTErpajga B
COOTHOUIEHUSIX, OIIPEAEISIONINX TOK IPOBOIUMOCTH.

Hamee B §61 paboTsl [2] paccMaTpuBaeTCst BOIIPOC 00 YHEPTUH IIEKTPUIECKOTO U
MarHUTHOTO IOJIS B AUCIIEPTUPYIOIUX cpenax. [Ipu 3ToM menaercst BEIBOJ O TOM, YTO

JUISI DHEPTUHN TaKHUX ToJIe
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Wzi(gEo2 +uH,’ ) (2.22)

I/IMeIOH_[ei;I TO‘IHBIﬁ TepMOﬂHHaMI/IquKI/Iﬁ CMBICII B O6I)I"IHI)IX Ccpcaax, npu HaJlM4uu
JAUCIICPCUN TaK HCTOJIKOBAHA 6BIT]) HE€ MOXCT. 3TH CJIOBa O3HaA4YarT, 4TO 3HAHHC
PEATBHBIX DIEKTPUYECKAX M MATHHTHBIX IIOJIEH B JUCIEPTHPYIOINEH Cpene
HEIOCTATOYHO JUIS ONPENEICHHS Pa3sHOCTH BHYTPEHHEN DHEPIHH B €IUHUIE 00BbEMA
BCIIICCTBA HpI/I HaJIMYWUH MOJIEN B UX OTCyTCTBI/H/I. ITocne Takux 3asBiIeHUN HpI/IBO,HI/ITCH
¢dopMyna, maromas TPaBUIBHBIN pPE3yJIbTaT IJIS BBIYKMCICHUS YACIBHOM DHEPTHH
3ﬂeKTpH‘leCKI/IX U MAarHUTHBIX Hoﬂeﬁ le/l HaJIMYUn JII/ICHepCI/II/I
1 d(a)g(a)))Ezi 1 d(a),u(a)))IL[2

= 0t 0

2 do 2 do

Ho ecnu cpaBHUTH TIEpBYIO YacTh BBRIPAKECHUS B TIPABOW 4acTh cOOTHOMeHHs (2.23) ¢

w (2.23)

cooTHonreHneM (2.9), TO BHJIHO, YTO OHHM COBMAAAIOT. JTO O3HAYAET, YTO B
cooTHOMIEHUH (2.23) 3TOT WICH NPEACTABIIET MOJNHYI0 DHEPTHIO, BKIFOYAIOIIYI0 HE
TOJIBKO TIOTEHIMANBHYIO OJHEPIUI0 3JIEKTPUUYECKUX TIOoJIel, HO M KHHETHYECKYIO
DHEPIUI0 JBIKYIIUXCS 3apsi0B.

[TosTOMY BBIBOJ| O HEBO3MOKHOCTHU TOJIKOBaHUs (popMyiibl (2.22), Kak BHyTpEeHHEH
9HEPTUH DJIEKTPUYECKUX W MArHUTHBIX MOJIEH B JAMCHEPTUPYIOUIMX Cpelax SBISETCS
npaBWIbHBIM. OJIHAKO 3TO OOCTOSTENBCTBO 3aKJIOYAETCS HE B TOM, 4YTO Takas
MHTEPIPETalisl B PACCMOTPEHHBIX CpElax SBISETCS BOOOIIEe HEBO3MOXHOH. OHa
3aKJIIOYaeTCsl B TOM, YTO JUIS ONpPENENICHHs BEIWYHMHBI YIEIBHOH SHEPrHM Kak
TEpPMOJMHAMHUYECKOTO IIapaMeTpa B [JaHHOM Cllydae HEOOXOIMMO IPaBMIIBHO
BBIUHMCIINTh 3Ty O3HEPTHIO, YUYHUTHIBAS HE TOJIBKO OJIEKTPHUYECKOE I0JIE, KOTOPOE
HaKalinBacT IMOTCHIUAJIBHYKO JHCPIrui0, HO U TOK OJCKTPOHOB IPOBOAUMOCTH,
KOTOpBIE B CBS3M C HAJIMYUEM MacChl, HAKaIUIMBAIOT KHHETHYECKYIO DHEPTHIO
JIBIOKEHUS 3apsiioB (6.8). BeIBoJ, KOTOPBI Temeph MOXHO clenaTh, 3aKI0YaeTcs B
TOM, 4TO, BBOJISl B 00MX0]] HEKOTOPhIE MaTeMaTHIECKHE CUMBOJIBI, 0€3 TIOHUMaHUs UX

HUCTUHHOI'O (1)I/I3I/I‘ISCKOFO CMBICJIa, U, TEM 60.]'[66, NMPUCBOCHHUE OJTUM CHUMBOJIAM
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HECBOMCTBEHHBIX WM (1)I/I3I/I‘IGCKI/IX HaHMeHOBaHI/Iﬁ, MOXET B KOHCEYHOM HTOIC
MIPUBECTH K CYIIECTBEHHBIM OIIHOKaM.

O6patiM BHHMMAaHHE Ha TO, YTO NPU PACCMOTPEHUH JAHHOTO BOIPOCA, JAIOIIETO
MOJIHYI0 HH(POPMAIUIO 00 3JIEKTPOAMHAMHYCCKUX TMPOIECcaX, MPOUCXOMANINX B
MPOBOJHHUKAX, HCIIOJIB30BAIUCh TOJIBKO YPAaBHEHMsS JABIMXKEHUS U HE MNPUMEHAJIOCH

IMOHATHUE BEKTOPA NOJIApU3AlIUU.

3. IlonepeyHblil MJIa3MEeHHbIA Pe30HAHC

Tenepb NokakeM, Kak IUI0X0€ MOHUMaHKEe (U3UKH MPOILIECCOB, NMEIOLIMX MECTO B
MPOBOIAIINAX Cpelax, MPUBEIO K TOMY, YTO OKa3aJOCh HE3aMEUCHHBIM HHTEPECHOE
(uzmdeckoe SBIEHHE, KOTOPOE MOXKET OBITh HA3BaHO IMMOTIEPEYHBIN IUTa3MEHHBIN
pEe30HaHC B HE3aMarHWYeHHOHW IIa3Me. OJTO, paHee HEM3BECTHOE SBJICHHE, MOXET
HMMETh BaXKHbIE TEXHUYECKUe npuioxenus [11].

N3BecTHO, UTO IEHTMIOPOBCKUIA PE30HAHC SIBIISIETCS MPOA0IbHBIM. Ho mpooapHbIN
PE30HAaHC HE MOXKET HU3Iy4yaTh IONEpPEeYHble paauoBONHBL. OIHAKO NpPU B3pPHIBAX
STIEPHBIX 3aps/IOB, B Pe3yJbTaTe KOTOPBIX 00pa3yeTcss OYCHb ropsdas razMa, UMeeT
MECTO 3JIEKTPOMAarHUTHOE M3Iy4YEeHHE B OYCHb IIMPOKOM [HAITa30HE YacTOT, BILIOTH
JI0 JUTMHHOBOJIHOBOTO paauouana3oHa. Ha ceromHsmHuil 1eHb HET TeX (PU3MYSCKHX
MEXaHU3MOB, KOTOPBIE CMOTJIH OBl OOBSCHUTH BOSHUKHOBEHHE TAaKOTO m3nydeHus. O
CYIICCTBOBAHMH B HE3aMarHUYCHHOM IIa3Me KaKUX-TU00 IPYTUX PE30HAHCOB, KPOME
JICHTMIOPOBCKOTO, paHEe M3BECTHO HE OBUIO, HO OKAa3bIBACTCS, YTO B OTPAHUYCHHOMN
TUTa3Me MOJKET CYIIECTBOBATH IIONEPEYHBIA PE30HAHC, W YacTOTa TaKOTO PEe30HaHCa
COBIAJAET C YaCTOTOW JIEHIMIOPOBCKOIO PE30HAHCa, T.€. 3TU Pa30HAHCHI SIBISIOTCS
BEIPOKACHHBIMH. VIMEHHO 3TOT pPE30HaHC  MOXKET OBITh NPHUYNHON W3ITydCHUS

PaINoOBOJIH IPH B3pBIBaX SIEPHBIX 3apPsI0B.
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Puc. 1 [IByxmpoBomHas JHMHHUS, COCTOSIIAs W3 JBYX MICAITBHO TPOBOISAIINX

IUIOCKOCTEH.

Jnist BBISACHEHUS YCIOBHIA BO30YKICHUS TAKOTO PE30HAHCA PACCMOTPUM JIITMHHYIO
JIMHUIO, COCTOSILYIO U3 JIByX WJEaJbHO MPOBOJSIIMX IUIOCKOCTEH, Kak MOKa3aHO Ha
puc.1

[Toronnas (MpuxoAsAIIascs Ha eTUHUIYY JJIMHBI) eMKOCTh M HHAYKTHBHOCTh TaKOW

mHAN 6e3 yuéTa KpaeBhIX 3PPEKTOB ONPENENIIOTCS COOTHOMEHUIMH [8,9]:

b a
Co=¢,— n L,=pu—.
0 0 a 0 0 b
I[109TOMy € POCTOM JUIMHBI JTHHHH e cyMMapHas emkocts Cy = &, ZZ U CyMMapHas

a
HWHAYKTUBHOCTbH LZ = yo ZZ YBCIMYMBAKOTCA MMPONOPHUOHAJIBHO €€ IJINHE.

Ecnu B pa3soMKHYTYIO JIMHUIO IIOMECTUTH ILIA3My, HOCUTENIU 3apsifa B KOTOPOM
MOTYT JBHUraTtbcsi 0e3 TpeHus, U B IONEPEYHOM HAMpPABICHUH MPOMYCTUTh Yepes
wiasMy TOK [, TO 3apsiibl B CBSI3W C HAIMYAEM Y HHX MAacCChl, JIBHIasch C
OTIpeZIeTICHHON CKOPOCTHIO, OyIyT HaKallIMBaTh KMHETHYECKYIO SHEPIUI0. 3aMeTHM,
YTO 3/1€Ch HE PACCMATPHBAIOTCSI TEXHUUECKHE BOIIPOCHI, KaK M KaKMM 00pa3oM MOKHO
yAepKaTh MIa3My MeXAy IIOCKOCTSIMU JIMHUM. B maHHOM cilyuae paccMaTpHBarOTCs
TOJIBKO IPUHIUIIUAIBHBIC BOIPOCH], KACAIOLIUECS PAaHEE HEU3BECTHOIO IIOIIEPEYHOrO

TUIa3MEHHOT'O p€30HaHCa B HEe3aMarHHYeHHOM IIa3Me.
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HOCKOJ’IBKy nonepeyHas IIJIOTHOCTb TOKa B TaKOW  JNIMHHUH OIPEACIIACTCA

COOTHOIICHUEM

= ! =nev
]_bz_ ’

TO CYMMAapHYI0 KHHETHYCCKYIO JHEPTUIO ABHXKXKYIINXCA 3apsAI0B MOXKHO 3aItuCaTh KaK

1 m ,2 1 m a ,
W 3 o abzj 3 o7 b 3.1

Cootnomenne (3.1) cBA3bIBaeT KHHETUYECKYIO SHEPIHIO, HAKOIUICHHYIO B JIMHUH, C
KBaZpaTOM TOKa, IO3TOMY  KOI(QQHIUEHT, CTOALIMHA B TMpPaBOi YaCTH 3TOrO
COOTHOLIEHHWs  IIepel  KBaJpaTOM TOKa, SBIAETCS CyMMapHON KHHETHYeCKON

WHAYKTUBHOCTBIO JIMHUH.

m a
L .=—F—. 3.2
LSy s (3-2)
Takum 06pa3om, BeTMUNHA
m
Lk = 5 (33)
ne

MPEJCTaBIsET yIENbHYI0 KHHETHUECKYI0 MHIYKTUBHOCThH 3apsAloB. OTa BeIUYMHA
y)K€ paHee BBOAWIACH APYTUM CrocoboM (cM. cooTHorneHue (2.4)). CooTHoIleHUE
(3.3) mosy4yeHo Juis citydas TOCTOSIHHOTO TOKa, KOTJla TOKOBOE — paclpejelieHne
SIBIISIETCS OJTHOPOTHBIM.

B nmanpHefimem mist OOJBIICH HATISIOHOCTH TONYYEHHBIX PEe3YyJIbTAaTOB, HAPSMY C
MaTeMaTHYeCKMM  HMX  TpPEACTaBICHHEM, OyleM  IOJb30BaThbCs  METOAOM
SKBUBAIEHTHBIX cxeM. OTpe30K, pACCMOTPEHHON JIMHUM, [UIMHHONH (dZ MOXET ObITh

MIPECTaBJICH B BU/IC SKBUBAJIICHTHON CXEMBI, IOKa3aHHOW Ha pHc. 2 (a).
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adz

SN
| @_NW\lgo -
. T
adz
Ho 2
BN Y
—— bdZ
Eo k_a
6 - L hdz
o |
adz
Ho—p—
W
o4 a _bdz+ &
B _— a Lk bd an Lk
Jo

Puc. 2.

a — DKBHUBAJICHTHAA CXEMa OTPEC3Ka I[ByXHpOBOI[HOﬁ JIMHUU,

0 — PKBUBAJICHTHAsI CXEMa OTPE3Ka JBYXIIPOBOAHON JINHHUH, 3aII0JTHEHHOH

0e31MCCUIIaTUBHOM I1IJ1a3MOI;

B — 3KBHBAJICHTHAs CX€Ma OTPE3Ka ABYXIPOBOIHOHN JIMHUH, 3aII0JIHEHHON

JU3CUTIATUBHOM IIJIAa3MOM.

13 cootnomenns (3.2) Buano, uto B ommune ot Cy u Ly semumnna L,y ¢ poctom

Z HC YBCIMYMBACTCA, a YMEHbIIACTCA. CBs13aHO 3TO C TEM, 4TO C POCTOM Z

KOJIMYECTBO MapaICJIbHO BKIIFOYCHHBIX UHAYKTHUBHBIX 3JICMCHTOB PACTCT.
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DOKBHBAJICHTHAS CXE€Ma y4yacTKa JIMHHH, 3allOJHCHHOW OC3qMCCHIATHBHOW IUIA3MOM,
nmokaszana Ha puc. 2 (6). Cama muHHSA TIpu 3TOM OyIeT SKBUBAJICHTHA MapalIeIbHOMY

KOHTYPY € COCPEIOTOYEHHBIMU MTapaMeTpaMH:

C &bz
a b

_Lya
bz’
II0CJIECA0BATECIIBHO C KOTOpI)IM BKJIIFOUCHA I/IHI[yKTI/IBHOCT])
adz
H, b
HO CCJIN BBIYUCIIUTH pe3OHaHCHy}O IIElCTOTy TAKOIo KOHTypa, TO OKaXCTCA, 4TO 3Ta

qacToTa BOO6HIC HHU OT KaKUX Pa3MEpPOB HE 3aBUCUT, HeﬁCTBHTeHBHOZ

) 1 1 ne’

wpzazgoLk -

gm’

[TonyueH ouyeHb MHTEPECHBIN PE3yNbTaT, KOTOPBIM TOBOPUT O TOM, YTO pPE30HAHCHAs
4acTOTa PACCMOTPEHHOIO MAaKPOCKOIIMYECKOIO pE30HaTOpa HE 3aBUCUT OT €ro
pasmepoB. MoskeT co3aaThCsl BIEYAaTIIEHWE, YTO 3TO IJIa3MEHHBIM pEe30oHaHC, T.K.
[IOJIyYEHHOE 3HAYEHHE PE3OHAHCHOM YacTOThl B TOYHOCTH COOTBETCTBYET 3HAUYEHUIO
YacTOTHI MJIa3MEHHOr0 pe3oHaHca. Ho M3BeCTHO, YTO TakOM Pe30HAHC XapaKTepU3yeT
MIPOJOJIbHBIE BOJIHBI, B TO BpeMs KaK B UIMHHOM JMHUM HMEIOT MECTO TOJIBKO

HOIlepeYHble BOJNHBL. B paccMOTpeHHOM ciydae BeluuMHA ()a30BOH CKOPOCTH B

HaIpaBJIeHUH Z paBHa 6ECKOHEYHOCTHU M BOJIHOBOM BekTop & = 0.

JlaHHBIM pe3ynpTaT COOTBETCTBYET pEIIEHHIO CHCTeMBl ypaBHeHMH (2.10) mms

JUHUM C 3aaHHON KoH¢wurypamued. [Ipy 3ToM BOIHOBOE HYHCIIO ONpenensercs

COOTHOIIICHUEM:
2
2 w
[
k=—|1-—%|, (3.4)
C [
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a rpymnmnosas 1 ($pa3oBasi CKOPOCTH

2 2 a)p
Vg =cC I_E , (35)
C2
2
AT (3.6)
[0
__P
a)Z

1/2

rae ¢ = - CKOPOCTh CBETA B BAKyyMe.

Ho&y
Jns naHHOro ciydas (pa3oBas CKOPOCTh DJIEKTPOMATHMTHON BOJNHBI DAaBHA
OECKOHEUHOCTH, YTO COOTBETCTBYET MHONEPEYHOMY PE3OHAHCY HA ILIa3MEHHOM
gacrote. Cle[0BaTeNbHO, B KAKIbIi MOMEHT BpEMEHH pacpe/eIeHne onei U TOKOB
B TaKOW IMHMH OJHOPOIHO M HE 3aBHCUT OT KOODAMHATEI Z, a TOK B IIOCKOCTSAX

JVHUM B HANpaBICHWH z OTCYTCTBYET. JTO, C OJHOH CTOPOHBI, O3HAYaeT, UYTO

HHAYKTUBHOCTH LE HC 6yIlCT OKa3bIBaTbh BIIMAHUA Ha DJJICKTPOANHAMHUYCCKUEC

IpoLecChl B TAaKoi JMHMM, a BMECTO MPOBOJSMIMX IUIOCKOCTEH MOTYT OBITH
UCIIOJIBb30BaHbI JI00bIEe INIOCKOCTU MM YCTPOUCTBA, OTPaHUYUBAIOIIIE IIA3My CBEPXY

U CHU3Y.

U3 cootnomenuit (3.4) , (3.5) u (3.6) HETPYAHO BHUIETH, YTO B TOUKE () = a)p

MMEeT MECTO IIOTEePEYHBIN pe30HaHC ¢ OecKOHedHOW MoOpoTHOCTHIO. [Ipu Hammuun

MoTeph B pe30oHaTOpe OyIeT MMETh MECTO 3aTyXaHue, a B JJIMHHOW JIMHUU B OTOM

ciydae kz # 0, u B muaMK GyIET pacpOCTPAHATLCS 3aTyXaromas MoNepeYHas BOJIHa,

HAIpaBJICHUE PACIPOCTPAHCHHS KOTOPOW OYyZeT HOPMAJILHO HAIPABICHUIO IBUKCHUS
3apsanoB. CieayeT OTMETHTh, 4TO (akT CYIICCTBOBAHUS TAaKOTO PE30HAHCA paHee
0CO3HaH He OBIT U JPYTUMH aBTOPAMH HE OTHCaH.

[epen Tem, kKak mepeiTu K Ooiee MOAPOOHOMY PACCMOTPEHHIO JAHHOTO BOIPOCA,
OCTaHOBHMCSI Ha DHEPTEeTHYECKUX MpoIleccaX, MMEIIINX MECTO B PacCMOTPEHHOM
JUHAN B CITy4ae OTCYTCTBUS MOTEPb.

26



XapaKkTepUCTUYECKOE COMPOTHUBIICHUE TJIA3MBbI, JAIOIIEe OTHOIICHUE MOTIEPEYHBIX

KOMITOHEHT JJIEKTPUYCCKOI0 U MArHUTHOT'O noneﬁ, OIpeACIIEM IO COOTHOMICHUIO!

-1/2

E o’
7 = Yy _ Hy@ =7 11- P
A
X z @
rae ZO = & - XapaKTCPUCTUICCKOC (BOHHOBOG) COIIPOTUBJICHUEC BaKyyMa.
&,

0
TMony4yeHHoe 3HaueHWe Z XapakTEepHO sl TONEPEYHBIX OSIIEKTPUYECKHX BOIH B

BOJIHOBOZAX. BHAHO, 4TO Korga @ —> @,, 10 Z —>o, a Hx — 0. B Tom ciyuae,

Korma > a)p B IJIa3M€ CYHIECTBYCT U JJICKTPHUYUCCKAA W MAarHuTHass COCTaBJIAOLIAs

I10JI4. YZ[GJ'IBHEIH OHEPIrus 3TUX MOJIEH 3aITMIICTCS:

1 1
W, =—$0E§y +§:“0ng

E.H 2

2
Takum o00pa3oM, 3Heprus, 3aKJIOUEHHas B MarHUTHOM IIOJ€, B 1——/23 pa3
[0
MEHBIIIE, YEM DHEPIHs, 3aKII0YEHHAs B 2JIEKTpUUECKOM mojie. OTMETHM, 4TO JaHHOE
paccMOTpeHHe, KOTOpOe ABISAETCS TPAJULMOHHBIM B 3JIEKTPOAMHAMMUKE, SBIISETCA HE
MOJHBIM, T.K. IIPH 3TOM HE YYTCH €Ile OJIUH BHI 3HEPIWH, 3 HMEHHO KMHETHYECKas
sHeprusi Hocutened 3apsima. OkaspIBaeTcsd, 4TO KpOME BOJH 3JIEKTPUYECKOTO M
MarHuTHOTO IIOJIEH, HECYIIMX 3JEKTPHUECKYI0 M MAarHUTHYIO SHEprHH, B IUIa3Me
CYIIECTBYET eIlle U TPEThs - KHHETHYeCcKask BOJHA, HeCyllasi KHHETUUYECKYI0 SHEPTHIO

HOCHUTEJEH TOKa. Y 1eJIbHasi 3HEPTHs TOM BOJIHBI 3alIUCHIBAETCS:
2
1 1 ] @
Lj=-——FE =—¢,—2E
0 0 0 0-
2 'L, 27 @’

1
szz

TakuMm 00pa3om, NOHAs ylelbHast DHEPIHsl 3aMChIBACTCS KaK

1 1 1 .
WE —80E§y+§,uo]‘102x +_Lk]g :

HJ T2 2
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CrnenoBatenbHO, IJISI HAXOXICHUS TOJTHOW  DHEPruH, 3aKIIOYEHHOW B EIMHMIIC
00beMa I1a3Mbl, y4eT Toabko noneil £ u H Hemocraroyew.

B touke @ = (()p BBITIOJIHAOTCA COOTHOIICHUSA !

W, =0
Wy =W,

T.c. MarHUTHOE II0J€ B IUIa3ME€ OTCYICTBYeT, M IUIa3Ma MPEACTABISIET

MAaKpOCKOIIMYECKUI 3JIEKTPOMEXAHUUECKUI pe3oHaTop c O6eckoHeuHOU

JIOOPOTHOCTEIO, PE30HUPYIOIIUH Ha YacTOTe a)p
[MTockonbKy MpH YacToTax (>  BOJIHA, PACIPOCTPAHSIOIIANACS B IUIa3Me, HeCeT Ha
p

cebe TpU BUJAA SHCPTHUU: MArHUTHYIO, JJICKTPUYCCKYIO U KHMHCTUYCCKYIO, TO TaKYIO

BOJIHY MOXHO Ha3BaTb SHCKTpOMaFHI/ITOKI/IHeTI/I‘{eCKOﬁ. Kunernueckass BoJHa

I R
SBISIETCSl BOJIHOM IUIOTHOCTH TOKa ] :L_J.E dt. Drta BoNHA CIOBUHYTa IIO
k

T
OTHOLICHUIO K JJICKTPUYICCKOU BOJIHC HA YIroJl <.

2
o cux mop paccMaTpuBaics (pU3NIECKH Hepeaau3yeMbli ciydail, Koraa morepu
B IJIa3M€ OTCYTCTBYIOT, YTO COOTBETCTBYET OECKOHEUHOI HJOOPOTHOCTH INIa3MEHHOTO
pesoHatopa. Ecim morepu HMEIOTCS, MPUYEM COBEPIIEHHO HE BaXXHO KaKMMHU
(u3MuecKMMHU  TIpolieccaMH  TakMe MOTepd  OOYCJIOBJIEHBI, TO J0OPOTHOCTH
TUIA3MEHHOTO pe3oHaropa OyneT KOHe4YHOH BeawuyuHOW. JInmst Takoro cirydas

ypaBHeHUst MakcBeuta Oy IyT UMETb BHI:

_ o H
VOtE——/,low,
AE 1 G-D
rot H:Gp.ef E+€OW+EJ‘E dt.

Hanuaue moTepp ydYWTHIBAETCS WICHOM Gp.efE , TIpH4eM, YIoTpeOysisi BO3ie

MMPOBOAUMOCTHU HMHACKCA ef, TEM CaMbIM MOAYCPKHUBACTCHA, YTO HAC HC HHTCPECCYCT

28



caM MEXaHHU3M II0Tepb, & UHTEPECYET TOJIBKO caM (pakT ux cyliecTBOoBaHHs. Benmnuuny

Oof

clelyeT BHIOpPaTh OTPE30K JHMHMUM IJIMHOH Z,, BEIMYMHA KOTOPOrO 3HAYMTEJHHO

ompenensieT JAOOPOTHOCTh IIa3MEHHOTO pe3oHaropa. s usMmepeHus o of

MEHbBIIIE [UIMHBI BOJNHBI B JHCCUNATHBHON Ia3me. Takoil oTpe3ok Oyner

SKBUBAJIEHTEH KOHTYPY C COCPEIOTOUECHHBIMH ITapaMeTpaMHu:

C= gobi, (3.8)
a
a
L=l (3.9)
_ bz,
G _O-p.ef7’ (3.10)

rac G — MPOBOAUMOCTD, MOAKIIFOYCHHAA MMapalJICIbHO C nlL.

HpOBOI{I/IMOCTL n Z[OGpOTHOCTI: B TAKOM KOHTYPC CBA3aHbI COOTHOIICHUCM

oTKyna, yuutsiBas (3.8 — 3.10), momyqaem:

1 g,
o, =— |-, (3.11)
pef 0, \ L

Takum o0Opa3oM, wu3Mepsisi COOCTBEHHYIO JOOPOTHOCTP TaKOrO IUIa3MEHHOTO

PE30HATOPa, MOKHO ONPENETHT O ) .. Ucnone3ys (3.2) u (3.11) momyunm:

. o H
tE=—u
ro AP
1 AE 1 G-12)
2 S LN R L I,
rotH—Qp L E+e, m+ijEdz.

DKBHUBAJICHTHAS CXEMa TAaKOW JIMHUHU, 3aIllOJIHEHHOM JUCCUIIATHBHOW IIJIa3MOM,

mpezcTaBieHa Ha puc. 2 (B).
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Paccmotpum perenne cuctemsl ypasHenuit (3.12) B Touke @ =@, , npH ITOM,

IIOCKOJIBKY
OE 1 (=
—+—|Edt=0
Y757 L, I
nonyqaeM
- H
rot £ =—pu, é’é’_t’
1 -
rot H = o E.
Op\ L,

DTH COOTHOIICHHS 1 OIIPEACIIAIOT BOJITHOBBIC TPOLECCHI B TOUKEC PE30HAHCA.
Ecmn ToTe€puU B IIJIA3ME, SaHOHHH}OH.Ieﬁ JJUHUIO Majlbl, a K JHMHHHW IIOJKIIOYCH

CTOpOHHI/Iﬁ HUCTOYHHK TOKA, TO MOKHO ITOJIOXXHUTH:

rot E = 0,
1 g = JOE 1 ¢=, - (3.13)
— | E+tey——+—|Edt=j.,
Qp Lk ot Lk j
rae jCT — IUTOTHOCTH CTOPOHHUX TOKOB.
[IpounTerpuposas (3.13) o BpeMeHH U pa3jenuB 00e YaCTH Ha &, IOITYIHM
- 0, 7 E E_1 2]
2 E+L er (3.14)

0 at Tor e ot

Ecnu (3.14) npouHTErprupoBaTh 10 MOBEPXHOCTH HOPMANILHOM K BeKTOpY FE U BBECTH

MIEKTPHYECKHIA TOTOK Kak D, = .[EdS , TIOJTYYHM:

@, b, o’d, 1 JI
2 _pr 2% E_ 1 Zlcr
a)p@EJer ot or & ot (3.15)

rae /., — CTOpOHHHII TOK.

VYpaeuenue (3.15) sBiseTcs ypaBHCHHEM TapMOHHYECKOTO OCHMJUIATOpPA C TMPaBOM

4yacTblO, XapaKTepHOe Uil JABYXYpPOBHEBBIX JazepoB [12]. Ecmm wucrouHuk
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BO30YXK/IEHHs OTKIIIOYUTh, TO cooTHomeHue (3.14) mnpencraBisier ‘“XONOAHBIN”
Ja3epHbIA Pe30HATOpP, B KOTOPOM KosleOaHHs OyAyT 3aTyXaTh MO SKCIIOHEHIIMAIBHOMY
3aKOHY

(UP

X — t
D, (1) =D, (0) ™" e T

T.€. MaKpPOCKOIMYECKUI 3JIEKTPUUYECKUIl TOTOK CDE(t) OyleT OCLMIIMPOBATh C

YacTOTOU a)p , BpEMs peIakCaluu 1mpu 3ToM OoNnpeacaaeTCss COOTHOICHUCM

@p

T

3ajaya co3maHMs J1a3epa 3aKJIIOYaeTcsl Telephb JIMIIb B YMEHHH BO3OYAHMTH TaKoil
pe3oHarop.

Ecnu  pe3oHarop Bo30y»KAaeTcsi CTOPOHHUMH TOKaMH, TO TaKOW pPEe30HATOp ISt
JTHX TOKOB TIPEJACTABJIACT IOJIOCOBOW (HIBTP C PE30HAHCHOW YacTOTOM paBHOM
[
_r
2Qp

Jpyrum BaKHBIM IPAaKTUYECKUM IIPUMEHEHUEM IIONEPEYHOr0 ILIA3MEHHOIO

IJIa3MEHHOM YacTOTe ¢ MOJI0COM nponyckanus Aw =

PpCe30HaHca ABJIACTCA BO3MOXKHOCTD €ro UCIIOJb30BAHUE JId pa3orpeBa U JUArHOCTUKU
mia3Mel. Eciau ,Z[O6p0THOCTB IIa3MCHHOI'0 PE30HATOpa BCJIMKA, YTO MOKET OBITH
TTOJTYY€HBI BBICOKHE YPOBHHU DJJIEKTPHYICCKUX HOHCﬁ, a 3HAYUT W BBICOKHME DHEPTUHA

HOCHTEICH 3apsa0B.

4. Kunernyeckasi EMKOCTb.

Ecmm Y4€CTh BCE€ COCTaBJIAIOIIWE INNIOTHOCTH TOKOB B IIPOBOJHHKE, TO BTOPOE

ypaBHeHHE MakcBeIa UMeeT BUL:
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rotH=c E + e%F ian’t, (4.1)
o L

rac GE - IPOBOAMMOCTH ME€TaJLJIa.

B 10 e Bpems, mepBoe ypaBHEHHE MaKCBeIa MOXHO 3alUCaTh CICAYIOIIUM
o0Opazom:
= OH
rotE =—u——-, 4.2)
ot

rae /4 - MarHMTHas NPOHMIIAEMOCTH cpeibl. BuaHo, uro ypaBnenus (4.1) u (4.2)
HECUMMETPUYHBI.

Heckonpko ynydmuThs CUMMETPHIO 3TUX YPaBHEHMH MOYKHO, BBOAS B YpaBHEHUE
(4.2) uneH NWHEHHBIA MO MATrHUTHOMY IIOJIO, YYUTHIBAIOIINN TEIUIOBBIC MOTEPH B
MarHeTHKax B IEPEMEHHBIX TOJISX:

roth—aHﬁ—yaaH, (4.3)
t

rac O-H - IPOBOAMMOCTb MArHvTHBIX TOKOB. Ho BoT HHTErpajia TaKoIro THIIA,

KOTOPBII UMeeTcs B MpaBod 4acTH ypaBHeHHA (4.1), B JTaHHOM ypaBHEHHM HeT. B To
JK€ BpeMsi HaM HW3BECTHO, YTO aroM, OOJIaJaloIlUii MarHUTHBIM MOMEHTOM M1,

TIOMEIEHHEI B MAarHUTHOE TOJ€, M OCYIIECTBIISIONMI B HEM IIPEleCCHOHHOE
JBUKEHHE, HMeeT IIOTCHIHATBHYI0  JHEPTHIO Um=—/1mH . Tlostomy

MOTEHI[MAaIbHAS SHEPTUs MOKET HAKaIlJIMBAThCS HE TOJIBKO B AJIEKTPUUECKHX TMOJIAX, a
W B TPCICCCHOHHOM [BMKCHHH MArHUTHBIX MOMCHTOB, KOTOpPOE HE o00JaxaeT
VHEpIHed. AHAJOTUYHBIA Cly4all WMeeTcs M B MeEXaHWKe, KOrJa THUPOCKOI,
MpelecCUpyomui B MoJie BHEIIHUX CHJI, HAKAIUIMBAeT MOTEHIMANBHYIO0 dHepruto. [1o
OINPENEIICHUI0  MEXaHWYECKOE  IPELECCUOHHOE  JIBM)KEHUE  TaKKe  SBIIETCS
OC3MHEPIIMOHHEBIM U CPa3y ke MpeKpaIaeTcs Mocje CHATHS BHEITHAX cril. Hampumep,
€CIIM U3 NOJ IIPELECCUPYIOIIETO BOJIYKA, BPAIIAIOIIETOC B MOJIE 3€MHOT'O TATOTEHUS,

ObicTpo yOpaTh omopy, TO OH HA4HET ManaTh, COXPAHSIS B MPOCTPAHCTBE TO
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HalpaBJeHUE CBOCH OCH, KOTOpOe OBLIO B MOMEHT, Korja Obuia yopana omnopa. Takas
JKE€ CHUTYyallMsi UMEET MECTO W JJIsl Clydasi MPEeeCCHPYIOIIEro MarHHTHOTO MOMEHTA.
Ero mnpeneccust sBnsercd Oe3MHEPIUOHHOW M TIPEKpaIlaeTcss B MOMEHT CHSATHS
MarHUTHOTO TOJISL.

C y4éTroM CKa3aHHOTO MOXXHO OXHJaTh, YTO NPH OMNHCAHWH IIPELECCHOHHOTO
JIBIDKCHUS MAarHUTHOTO MOMEHTa BO BHEIIHEM MAarHUTHOM II0Jie B MPaBOW 4YacTu

COOTHOIICHUA (43) MOXET IIOABUTBCA CJlara€Mo€ TOro € Tuia, 4YTO H B

cootHomeHun (4.1). Tompko BMecTO Lk 6yner croats C , T.e. KuHeTHuecKas

€MKOCTb, XapaKTepu3ymollas Ty IOTCHLUAJIbHYIO 3HEPIUI0, KOTOPYI0 HMEET
MPELIECCUPYIOIMN MarHUTHBI MOMEHT B MarHUTHOM IIOJIE:
= ~  OH 1 .5
rotE=—o, H—pu~———[Hdt. (4.4)
ot C,

BrepBrle Takoe TpeAcCTaBICHHME IIEPBOTO ypaBHEHHMS MakcBemia ¢ y4éToMm
KHHETUYECKOW EMKOCTH ObLTO 1aHo B padote [13].

ITocMoTpuM, MOXET JIM pPEanu30BaTbCsl TAaKOM Clydall Ha IMPAKTUKE, U YTO
IpeACTaBIsieT KHUHeTHuYeckas EMKOCTb. Pe3oHaHCHBIE IpoliecChl B IUIa3Me U
JIV3JIEKTPUKAX XapaKTepHU3yIOTCS TeM, YTO B TIIpolecce KOoJIeOaHHH MPOMCXOIUT
MOTIepeMEHHOE  TIPeo0pa3oBaHe HJIEKTPOCTATHYECKOM JHEPIrHH B KHHETHUYECKYIO
SHEPTUIO JBIDKCHUS 3apsigoB M HaoOopoT. Takoil mporecc MokeT ObITh Ha3BaH
3JIEKTPOKMHETHYECKUM M BCE YCTPOUCTBA: Ja3€pbl, Ma3epsl, GUIBTPHI U T.I., KOTOPbIE
UCIIOJIB3YIOT 3TOT MPOIIECC, MOTYT OBITh Ha3BaHbI AIEKTPOKWHETHUECKUMU. Hapsiny ¢
9TUM CYIIECTBYET W JAPYroM THUIl pe30HaHCa — MarHuTHeIM. Eciu mosb3oBaThbest
CYHIECTBYIOIUMU TMPCACTABICHUAMU O 3aBUCUMOCTU MarHUTHOM MPOHHUITAEMOCTH OT
4acTOThl, TO HE TPYAHO IOKa3aTh, YTO TaKas 3aBHCHUMOCTb CBfi3aHA C HAJIUYHEM
MarHuTHOTO pe3oHaHca. YTOOBI IMOKa3aTh 3TO, PAaCCMOTPHM KOHKPETHBIH IpuUMep

(eppomaranTHOro pe3oHaHca. Eciu HaMarHUTUTH (GeppuT, MPIIOKHUB MOCTOSHHOE

none M, mapajiensHO ocH  Z, TO 110 OTHOLICHUIO K BHEIIHEMY IIEPEMEHHOMY I10JTIO
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cpena Oynmer BBICTYymarTh Kak  aHU30TPOINHBIA MarHETHK C  KOMIUICKCHOM

MIPOHHUIIAEMOCTRIO B BHJIE TeH30pa [14]
o) —ia 0
p=lia  p*@ 0|,

0 0 Hy
rie
Q |7| M, w |;/| M,
*(w)=1l-—F——, a=—-——, =1,
luT ( ) ,uo(a)z_Qz) ﬂo(a)z—QZ) /uL
npuyeM
Q= H, 4.4)

€CTh COOCTBEHHAs YacTOTa NPELECCHH, a
M, =u,(u-1)H, (4.5)
©CTh HAMAarHMYCHHOCTh cpenbl. YuutbBas (4.4) u (4.5) mun u, * (@), MoxHO
3anmucarh
Q*(u-1)
PERIFSTER

HOJ’Iy‘II/IJ'IOCL, YTO MAr"HvuTHas MPOHULACMOCTb MArHETHKA 3aBUCUT OT YaCTOThI, U

M ¥ (w)=1- (4.6)

MOT'YT BO3HHKHYTb ITOJJO3PEHUSI, YTO, KaK U B CIIy4ae C IUIa3MOMH, 37€Ch €CTh KaKOH-TO
MOJIBOX.

Ecmu CYHATaTh, YTO JJICKTPOMArHUTHAs BOJIHA PACIIPOCTPAHACTCA BAOJb OCH X HU

MMEIOTCS KOMIIOHEHTHI moneit H yH H _, To nepBoe ypaBHeHHe MakcBellIa IpuMeT

BUJL:
_ JE JH
rot E = é’xZ = ULy ﬁty :
YunteiBas (4.6), monyaum
: (u-)|2H
rot E =y, 1 e o”ty'



s crygas @>>C) nmeem

rot E = 1| 1- Qz(wﬂz_l) ﬁ;?’ . A7)
Momaras H =H SIN @ ¥ y4uTHIBas, 4TO B TOM CIIyUae
% = —a)zj.ljl Ldt,
u3 (4.7) nostydum
rot E :,uoﬂ+,uO Qz(y—l).[I:I dt,
ot 4
MM
rozE:g0%+ijﬁ,dt. (4.8)
ot C 17
Jus cimygas << ) HaxonuM
rot E = ,uo,uﬂ.
ot
Benuunny
1

C =—
‘ Hy Q(u-1)’
KOTOpas BBEJCHA B COOTHOMICHNH (4.8), HA30BeM KHHETHYECKOH €MKOCTBIO.
C yeM CBs3aHO CYIIECTBOBAHHE TOTO MapaMeTpa, U KaKoB ero (pU3NUecKuil CMBICT?
Ecnu HanpaBiieHHe MarHUTHOIO MOMEHTA HE COBIIAJaeT C HAIPABICHHEM BHEIIHErO
MArdiMTHOI'O I10JIsA, TO BEKTOP TAKOI0 MOMCHTA HAYUHACT MPCHECCUPOBATH BOKPYT

BEKTOPa MarHUTHOTO TOJIS € 4acTOTOM (). MarHUTHBIA MOMEHT 777 06JIafaeT IPU STOM
noteHuuansHoii omeprueit U, = —m-B. Dra oHeprus noaoOHO BHepPrum

3apsHKEHHOTO KOHACHCATOpa SABIIACTCA HOTCHHI/IaHBHOﬁ, TIOTOMY 4YTO IPEUECCHOHHOE
ABMIKCHHUE, XOTA W ABJIACTCA MEXAaHUYCCKHMM, OAHAKO, OHO HE HWHEPHUOHHO H

MI'HOBEHHO TIPEKpaIacTCs NOpPU CHATHU MarHuTHOTO IIOJIA. HpI/I HAJIM4YUH XKC
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MarHUTHOTO TOJISI MPELECCHOHHOE JBIKEHHE IMPOAOIDKAeTCA 0 TeX IOp, MOoKa He
OyzmeT u3pacxomoBaHa HAKOIUICHHAsI MOTEHIMAIbHAS YHEPTHs, U BEKTOP MarHUTHOTO
MOMEHTA He CTaHeT NapajlieIbHbIM BEKTOPY MarHUTHOTO IOJIS.
OKBUBAJIEHTHAsl CX€Ma PAacCMOTPEHHOIO Cilydas IpuBeleHa Ha puc. 3. B Touke
@ =) uMeeT MECTO MAarHUTHBIA PE30OHAHC, TIPH 3TOM L, *(w) —> —oo. PezonancHas
4acTOTa MAaKpPOCKOIMYECKOTO0 MAarHHTHOTO pPE30HATOpa, KaK JIETKO BHIETh U3
SKBUBAJICHTHON CXEMBI, TAK)K€ HE 3aBHCHT OT pa3MepoB JHHUHU W paBHa Q. Takum
o0pazoM, mapamerp
Q*(u-1)
My *(@) = phy | 1= —5——57
@ —Q
HE SIBJISIETCS YaCTOTHO 3aBUCHMOW MarHUTHOW NPOHHMIIAEMOCTBIO, a BKIIIOYAET B ceOs
Mo, B U Cy, KOTOpblE BKIIOYEHBI B COOTBETCTBUU C 3KBUBAJCHTHOM CXEMOIi,
n300paskeHHOI Ha puc. 3.
HerpynHo mokasaTs, 4TO B JAHHOM CIIy4ae MMEET MECTO PAaCIHpOCTPaHEHUE TPeX
BOJIH: JJIEKTPUYECKOM, MarHMTHOM M BOJIHBI, HECYIIEH MOTEHUUAIBHYI) SHEPTUIO,

KOTOpasi CBsA3aHA C IPeLeCCHeil MarHUTHBIX MOMEHTOB BOKDYT BekTopa f1,.

adz
Ho(u=1) b

adz

- bdz

1 _bdz

Cm——
W& (u=1)  a

Puc. 3. DxBuBaneHTHas cXeMa ABYXIIPOBOIHOW JIMHUH 3aII0JIHEHHON MarHETUKOM.
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Ilo 9TOH IIpUYUHE TaKue BOJIHBI MOTYT OBbITh Ha3BaHbI
3JIEKTPOMAarHUTHONOTEHIMAIbHBIMU. Bce yCTpoHCTBa, B KOTOPBIX HCIOJIB3YIOTCA
TaK¥e BOJHBI, TAK)KE MOTYT OBITh Ha3BaHbI DJIEKTPOMATrHUTHOIIOTEHIIMATbLHBIMH.

Jo nosiBieHust pabotel [13] B 2JIEKTPOAMHAMUKE TaKOE MOHATHE, KAaK KUHETHYECKas
E€MKOCTbh HE HCIIOJb30BAIIOCH, XOTS 3TO PEAJIbHBII NapaMeTp UMEET OYEHb MOHSTHYIO

(I)I/I3I/IHCCKyIO HUHTCPIPETALUIO.

5. Kunernueckas HHAYKTHUBHOCTb JU3JICKTPUKOB

Hurne B cymecTByromel nurepaType HET yKa3aHUM Ha TO, YTO KHHETHYECKas
MHIYKTUBHOCTH HOCHUTEJIEH 3apsA0B UTPAET KAKyIO-TO POJb B JIEKTPOANHAMHUYECKUX
mporeccax B JAWMAIEKTpHKax. OTo He Tak. OkasplBaeTCs, 4YTO ATOT Iapamerp B
JNEKTPOJIMHAMUKE JUAJIEKTPUKOB WIpaeT HE MEHEee BAXHYI0 pOJb, YeM B
3JEKTPOJUHAMUKE IPOBOAHUKOB. PaccmMoTpmM Hambojee MpOCTO ciaywald, Kormaa
KosieOaTeNbHBIE TPOLECCHl B aToMax MWIIM MOJIEKYJIaX IUAJICKTPUKa MOAYMHSIOTCS

3aKOHaAM MCXaHUYCCKOI0 OCHUIIIIATOpPA.

B_lp =2
m m-m

E, 5.1
rge 7, - OTKJIOHEHHE 3apsyioB OT IOJNOXKeHHs paBHOBecus, a 3 - kosdduumeHt
YIIPYTOCTH, XapaKTEepU3YIOHUH YHPYroCTh JIEKTPHUYECKHX CHJI CBS3HM 3apsgoB B

aToOMax M MOJIEKYJaxX. BBOJSI pe30HAaHCHYIO YaCTOTY CBSI3aHHBIX 3apsi/I0B

u3 (5.1) momydaem

e E
r :_ﬁ' (5.2)
" m(o” —w’)
o

Bunno, yto B cootHomenun (5.2) B KauecTBe MapameTpa HPUCYTCTBYET 4acToTa

COOCTBEHHBIX KoJieOaHUil, B KOTOPYIO BXOAUT Macca 3apsifa. JTO TOBOPUT O TOM, YTO
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HHEPIMOHHBIC CBONCTBA KOJICOJIOIIMXCS 3apsa0B OyayT BIMATH Ha KojeOaTeabHBIC
IIPOLIECCHI B aTOMAX U MOJIEKYJIaX.

[MockonbKy 001Iast TUIOTHOCTh TOKAa B CpPelle COCTOMT M3 TOKA CMEILEHUS U TOKa
MIPOBOJAMMOCTH

rot]-qlzj'Z =goaaE+ne\7,
t

TO, Haxodd CKOpPOCTb HOCHUTEJIeH 3apsaa0B B OHUDJICKTPUKE KaK IMPOMU3BOAHYIO HX

CMCIICHUSA 11O KOOpANHATE

__or, e OF
V= = — _
ot m(@* —w’) Ot ’
o

13 COOTHOIEHNUS (5.2) HaX0UM

1 OE

A 53
o L (0 -w,) Ot -3

rotH = jZ =¢,

Ho Benmmunna

MpeACTaBJIACT HA YTO MHOEC, KaK KUHCTUYCCKYIO UHAYKTUBHOCTL 3aps0B, BXOAAINX B
COCTaB aTOMOB WJIM MOJICKYJ JAUIJICKTPUKOB, B TOM Cliy4ac, €CJIHM CUHUTATb HUX

cBoOomuBIME. [To3TOMY cooTHOMIeHHE (5.3) MOYKHO TIepenHcaTh

1 OE

goLkd(a)2 —a)oz) ot

rotH = Js =& 1- (5.4)

Tak kak BeIUYHnHA

R B

_pd

EoLya
HpCHCTaBHHCT HHaSMCHHyIO IIaCTOTy 3ap51£[0B B aroMax Hu MoneKynax I[I/IBJIGKTPI/IKa,

€CJIM CYUTATh 3THU 3aPsAIbl CBOOOIHBIME, TO COOTHOIIEHHE (5.4) MPUHUMAET BHI;
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a)zpd OE

rotH=j_=¢ | l-——24_ |“=. (5.5)
2 2
) -w,") | Ot
I/L KOHCYHO, OIIATh BOSHHUKACT co0J1a3H Ha3BaTh BEIIMYNHY
2
®
d
e (w)=¢gy| 1= (5.6)
0" —ay°)

3aBUCSIIEH OT YaCTOTHI AUDIIEKTPHUECKON MPOHUIIAEMOCTBIO AMAIIEKTpHKa. Ho sToro,
KaKk ¥ B Cllydae NPOBOJHHKOB, JEJNaTh HEINb3s, MOCKOJIbKY 3TO COOpHBIM mapamerp,
BKIIIOYAIONMA B ce0sl Temepb yXe TP HE 3aBHCAIIMX OT YacTOTHl IapaMeTpa:
JU3IEKTPUYECKYI0 TPOHHLAEMOCTh BaKyyMa, COOCTBEHHYIO YacCTOTY aTOMOB WU
MOJIEKYJI, BXOJIAIIUX B COCTaB IUIJIECKTPHKA, U IUIA3MEHHYIO 4acTOTy JUISl HOCUTENEeH
3apsI10B, BXOJSIIKMX B €r0 COCTaB, €CIIM CYUTATh UX CBOOOTHBIMU.

PaccmoTpuM 11Ba mpeenbHbIX Ciryyasl.

Ecmm @ <<@,, 10 u3 (5.5) nmomy4aem

2

L 0] E
rotH = j;. = ¢ 14-20d_ |OE

. (5.7)
0 a)02 ot

B sTom ciyuae koaddunment, crosmmii nepe NpOU3BOIHOM, HE 3aBUCHUT OT YacTOTHI,
Y TIPE/ICTAaBISIET CTAaTHYECKYIO TUAJICKTPUYECKYIO MPOHHUIIAEMOCTh AWdIeKTprKa. Kax
BU/IUM, OHA 3aBHCUT OT COOCTBECHHON 4acTOTHI KOJIcOaHNW aTOMOB WJIM MOJIEKYJ U OT
IUITA3MEHHONW YacTOTBL. OJTOT pe3yiabTaT  MHOHATEH. Yacrora B JAaHHOM CiIydae
OKa3bIBAETCSI HACTOJIBKO HM3KOM, 4TO 3apslpl YCIEBAIOT CJIEAOBAThH 3a IOJIEM U HX
MHEpIOHHBIE CBOMCTBA Ha MEKTPOJMHAMHYECKHE IMPOLECCH He BIMAIOT. B 3TOoM
cilydae BBIp@KEHHE B CKOOKax B MpaBOW 4YacTH COOTHOWIEHUs (5.7) mpencraBiseT
CTaTUYECKYI0 AMMIEKTPUUYECKYI0 MPOHHIIAEMOCTh nAudyeKkTpuka. Kak BuAHO OHa
3aBUCUT OT COOCTBEHHOW YacTOTHl KOJEOaHWH CcaMHX aTOMOB WIJIM MOJIEKYI
JM3JIEKTPUKA B OT TUIa3MEHHOM yacToThl. OTCIO/Ia cpa3y MMeeM DPELENT AT CO3/aHMs

JTUDIIEKTPUKOB C BBICOKOH IMIICKTPHUYECKOW MPOHUIIAeMOCTbI0. UTOOBI HOCTHYB
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3TOro, ciegyeT B 3aJaHHOM 00BbEME MPOCTPAaHCTBA YNAKOBATh MAaKCHMaJIbHOE
KOJIMYECTBO MOJIEKYJI C MAaKCHMAaJIbHO MSATKMMH CBSA3SMH MEXIY 3apsaMd BHYTPH
CaMOM MOJIEKYJIBL.

IToka3zarenbHBIM SIBIISIETCS ClIydaid, Korjaa @ >> a)o. Torma

o a)pd ’ 8E
rot = jo =g 1-—"— |7~
w" | ot
1 Ha HalllUX I'J1a3ax JUIJICKTPUK IIPEBPATHIICA B IIPOBOJHUK (rma3My) T.K. IIOJTYYCHHOC
COOTHOHICHUC B TOYHOCTHU COBIAAACT C YPABHCHUEM, OMMMCBIBAIOIIUM ILJIa3MYy.
Henw3s HEe 3ameTuth TO O6CTO$ITCJ'IBCTBO, YTO B JAaHHOM CJIy4dac OIIAITb HUTAC HE
HCIIOJIB30BAJIOCh TAaKOE€ IIOHATHEC KaK BEKTOp MNoJiIpu3alni, a pacCMOTPEHUE
IMPOBEACHO l'IyTéM HaXOXACHUA PpCajlbHBIX TOKOB B JIUIJICKTPUKAX Ha OCHOBC
YpaBHEHMsI ABWXKEHHUS 3apsiioB B 3TUX cpenax. Ilpu 3ToM B KadecTBe mapameTpoB
HCIOJIB30BaHbl JJICKTPUYCCKUE XaAPAKTCPUCTHUKHU CPCIbl, KOTOPBIE OT YaCTOTbl HE
3aBUCAT.

W3 cootHomeHus (5.5) BHIAHO, YTO B Cilydae BBIIIOJIHEHUS! PaBEHCTBA =@,

aMITIMTya KoneOaHni paBHa OECKOHEYHOCTH. DTO O3HA4YacT HAJIMYME PE30HAHCA B
sToH Touke. beckoHeuHas aMIunTyja KojaeOaHui UMeeT MECTO 110 MPUIHUHE TOTO, YTO
HE YYHTHIBAIUCH MOTEPh B PE30HAHCHOM CHUCTEME, MPU 3TOM €€ JOOPOTHOCTH paBHA
0ECKOHEYHOCTH. B KakoM-To NpUOJIMKEHUH MOXHO CUHMTATh, YTO HUXKE yKa3aHHOMH
TOYKA MBI HMEEeM [Iel0 C JUIJIeKTPUKOM, Y KOTOPOTrO JHU3JIEKTpUUEcKast
MPOHUIIAEMOCTh paBHAa €€ CTAaTUYECKOMY 3HAUEHUIO. Bhllle 3TOH TOYKM MBI MMeeM
JIeNo yKe (aKTHYeCKH C METauIoM, y KOTOPOTO IUIOTHOCTh HOCHTENICH TOKa paBHA
IUTOTHOCTH aTOMOB WJIN MOJIEKYJ B IUDJIEKTPHKE.

Tenepb MOKHO € 3/MEKTPOJMHAMHUYECKOM TOUKU 3PEHUSI PAcCMOTPETh BOIPOC O
TOM, TOYEMY JHUAJIEKTPUYECKas MpU3Ma pas3jiaracT IOJMXPOMATHUCCKUN CBET Ha
MOHOXPOMAaTHYECKHE COCTAaBIAIOIIME MM IodeMy oOpasyercst paxyra. s Toro

9TOOBI 3TO HMMEJIO0 MECTO HEOOXOJUMO HMMETh YAaCTOTHYHO 3aBHCUMOCTH (ha30BOit
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CKOPOCTH (AUCIIEPCHUIO) IIEKTPOMAarHUTHBIX BOJIH B paccMaTpuBaeMoi cpene. Ecinm
cooTHOIIEeHHIO (5.5) 106aBUTH IEpBOE ypaBHEHHE MaKkcBeIIa, TO TOTYIHM:
rotE =—p —
G
t

2 - 2
_ w
VOtH:(S'O 1—27’%12 5£
(0"—w,") | Ot

OTKyJla Cpa3y HaXOJUM BOJIHOBOE ypaBHEHHE:

2 5’ =
= 0°E
V2E=p¢|l1-— 2
0“0 2 2 2
" —w," | ot
Ecnu yuects, uTo
_ 1
Hoo="3
c

rae C - CKOpOCTb CBETA, TO YK€ HU Y KOI'O HE OCTAaHETCS COMHEHUS B TOM, UTO NPHU
pacnpocTpaHeHNH 3JIEKTPOMAarHUTHBIX BOJH B JIMDJIEKTPHKAX OyneTr HaOmomaThes
YyacTOTHas nucriepcust (a3oBoii ckopoctu. Ho sta aucnepcens Oyner cBsi3aHa HE C TEM,
YTO TaKol MaTepHasbHBIA MapamMeTp, Kak JIU3JIEKTPUIEcKasi IPOHUIIAEMOCTb, 3aBUCHT
OT YacTOTbI, & B ()OPMHPOBAHHUM ITOW JHCHEpCHU OyIeT MPUHUMATh y4acTHE Cpaszy
TPH, HE 3aBHUCSLIME OT YacTOTHI, (U3MUECKUE BEIUYMHBI: COOCTBEHHAs PE30HAHCHAs
9acToTa CaMUX aTOMOB HJIM MOJIEKYJ, IJIa3MEHHAsl 4YacToTa 3apsiioB, €CIIU CUUTATh UX
CBOOOIHBIMH, U IUAJIEKTPUYECKast IPOHUIIAEMOCTh BaKyyMa.

Tenepp mokaxxeM, Ije ¥ Kakue OMIMOKU MOJCTEPEraroT Hac, ClH IPH PElICHHU
PacCMOTPEHHOI 3ajaud UCIOJb30BaTh IOHSITHE BEKTOpa MoJsipu3anuu. Baenem

BeKTOp HOH;IPI/I3aL[I/H/I
2
- ne 1 —
L N
(0 —ay)
EFO 3aBUCUMOCTBb OT 4aCTOThbI, CBsA3aHa C HAJIUYHUCM MACChI y 3ap$[£[013, BXOOsIIUX B

COCTaB aTOMOB M MOJICKYJ AWUDJICKTPUKOB. I/IHepHI/IOHHOCTB 3apsAa0B HE IMO3BOJACT
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9TOMY BEKTOpPY, CJICAYA 3a DJICKTPUYCCKUM IIOJIEM, TOCTUTATH TOT'O 3HAYCHU, KOTOPOEC
OH uMeJI OBl B CTATHYECKUX IIOJIAX. HOCKOHBKy DJIEKTpUYECKass WHAYKIUSI
ONpEACIACTCA COOTHOMICHUEM!
2
— — — — — n e 1 —

D=gE+PE=¢F - —————E, (5.8)
m (o —wy)
TO BBC}]éHHaﬂ TaKuUM 06p3.30M UHAYKOWA 3aBUCUT OT YaCTOTHI.

Ecnu e€ BBecTH Teneps BO BTOpoe ypaBHeHHe MakcBesia, To OHO NPUMET BUA:

NI
rolljlzjz = > (5.9)

rae jZ - CYMMapHBII TOK, TEKyIIuii depe3 obOpaszer. B Bripaxkernu (5.9) mepsorit

YJICH npaBoﬁ YacTu MpEeACTaBIACT TOK CMCHICHHSA B BaKyymMe, a BTOpOﬁ — TOK,
CBSI3aHHBIM C HAJIMYHUEM CBS3aHHBIX 3apsaa0B B aTOMax WJIM MOJICKYJax IUDBJICKTPpHUKA.
B stom BbIpAKCHHUU  OIATH IMOABUJIACH YACJIbHAsA KUHETUYCCKasds HWHAYKTUBHOCTbH

3ap4aa0B, YUaCTBYIOIIUX B KoJie0aTeIbHOM mponecce

m
ba="5
ne

I[aHHafI KUHETUYECKAasT HWHAYKTUBHOCTH OIIPEACIIACT WHAYKTUBHOCTH CBA3aHHBIX

3apsanoB. C yuéToM 3TOro cooTHoIIeHue (5.9) MOXKHO mepenucarhb

[lomygeHo BeIpa)keHHE B TOYHOCTH COBHamaer ¢ cootHomenueM (5.3).
CrenoBaTenbHO, KOHEUHBI pe3ysIbTaT pacCMOTPEHHs 000MMH CIIOCOO0aMU COBIAJALT,
Y C MaTeMaTH4YeCKOil TOUKH 3peHusl MpeTeH3uit k Metoxy HeT. Ho ¢ dusuueckoit Touku

3pC€HuUsd, U 0COOCHHO B YacCTH MMPUCBOCHUS MMapaMeETpy, BBeI[éHHOMy B COOTBCTCTBHHU C
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cooTHoureHreM (5.8) HaMMEHOBaHHUS JEKTPUUECKONW MHAYKIIMH, UMEIOTCS OOJbIIne
MPETEH3UH, KOTOpbIe MBI yke 00cyannu. KoHedHo, 3T0 He 3IeKTpudecKas WHAYKIu,
a Hekuii cOopHbIi mapamerp. Ho, He pa3o0OpaBHIMCH B CYTH BOIpPOCa, BCE Hayalld
CUUTATh, YTO JUDJIEKTPUYECKAs! IIPOHULAEMOCTh JUDJIEKTPUKOB 3aBHCUT OT YacTOTHI.
Io cytn, Ppuznvyeckn 060CHOBAHHBIM SIBIISIETCS] BBEJICHHE HIIEKTPUUYECKOW MHAYKIIMU B
JIMDJIEKTPUKAX TOJBKO B CTATHYECKUX DJIEKTPUYECKUX TOJISIX.

ITokaxxemM, dYTO OKBUBAJICHTHAas CXE€Ma JAWAJIEKTPHKa B JAaHHOM CIyd4ae

MPEACTABISIET  TOCIECJOBATENbHBI  PE30HAHCHBIA  KOHTYP, Yy  KOTOPOTO

WHAYKTUBHOCTBIO SABJISICTCSI KUMHCTHUYCCKASA MHAYKTHBHOCTH Lk , a €MKOCTh paBHa

CTaTUYECKOM AMIJIEKTPUUECKON NMPOHMLIIAEMOCTH JUAJIEKTPUKA 332 BBIUETOM EMKOCTHU
PaBHOM JUAJIEKTPUYECKOW NPOHULIAEMOCTHM BakyyMa. IIpu 3TOM cam KOHTYp
OKa3bIBAaeTCsl 3allyHTUPOBAHHBIM EMKOCTBIO, PaBHOW YIETbHOW IUAJIEKTPUUYECKOU
MIPOHUIIAEMOCTHU BaKyyMa. Honst JIOKa3aTeIbCTBA 3TOTO paccMoTpuUM
TocyIeI0BaTeNbHbIN K0Je6aTebHbIi KOHTYp, KOTJa HHAyKTUBHOCTh L 1 EMKOCTDH C
BKJIIOYCHBI IIOCICA0OBATEIBHO.

CBs3b MCKAY TOKOM ] , TCKYIIUM 4YCpPE3 EMKOCTh C, 1 HallpsS’KEHUEM UC,

TIIPWIOKEHHBIM K Heﬁ, ONPEACIIACTCA COOTHOCHUAMM:

1
U.=—(1,dt
c= e
u
dU,
1.=C ) (5.10)
¢ dt

HJ’I}I HWHAYKTUBHOCTH 3Ta CBSA3b 3alTUIICTCA:

1
I =—[U,dt
=1,
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Ecnmn Tok, Tekyumuil uepe3  IOCIENOBATENbHBIM KOHTYp, MEHSETCA IO 3aKOHY

=1 0 SIn@f, TO mageHUe HalpsDKEHWsT Ha MHAYKTUBHOCTH W EMKOCTH

COOTBETCTBECHHO COCTAaBUT

UL :a)Llocosa)t

1
U.=—1 coswt,
CT O 0

a CyMMapHO€ NPUJIOKECHHOC HAIIPSIXKCHUC 6y,HCT paBHO

1
U.=| oL—— |I coswt.
> wC 0

B »TOM coOTHOIIEHMH BeNMYHMHA, CTOSINAS B CKOOKax, MpPEACTAaBISIET PEaKTHBHOE
COIIPOTHBIICHHUE MOCJIEAOBATEIIFHOIO PE30HAHCHOTO KOHTYpa, KOTOPOE 3aBUCHUT OT
yacToThl. HampsokeHus, reHepupyemMble Ha EMKOCTH M WHIYKTUBHOCTH, HaXOAATCS B
npotuBodase, M, B 3aBHCUMOCTH OT 4YacTOThl, KOHTYp MOXET HMETh TO JIH
MHIYKTUBHOE, TO M1 EMKOCTHOE PEaKTHBHOE CONpPOTHBIEHHE. B Touke pe3oHaHca
CYMMapHO€ PEaKTHBHOE CONPOTUBIICHUE KOHTYpa PaBHO HYIIIO.

O4eBUJHO, YTO CBSI3b MEXKJIY CYMMAapHBIM TPHJIOKEHHBIM HANpPsDKEHUEM U

TOKOM, TEKYIIIUM Yepe3 KOHTYp, OyIeT ONpPEeAeIsIThCS COOTHOIICHHEM

I:—ll%. (5.11)
ol oL—— ot
oC

Y4uThiBas, 4YTO pe30HAHCHAS YacTOTa KOHTYpa

1
W=

o JLc
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3aITMmcM

]:L% (5.12)
a)z ot
I—
@

CpaBHuBass 3TO BbIpakeHHe cC cooTHouieHueM (5.10) HeTpyAaHO BHAETb, 4YTO
T0CIIe/I0BATENBHBIA PE30HAHCHBIN KOHTYp, COCTOAIME W3 MHAyKTMBHOCTH L W

émroctn C , MOKHO IPEJCTaBUTh B BUJIE 3aBUCUMON OT 4acCTOThI EMKOCTH

C
Clw)=,
(0]
=
20

(5.13)

Takoe mpencraBieHne BOBCE HE O3HA4aeT, YTO IJeE-TO MOTEpsiHA MHIYKTUBHOCTS.
IIpocTo OHa BXOAMT B PE3OHAHCHYIO YaCTOTY KOHTYpa (). CootHomeHue (5.12) ato
BCEro JUIIb MareMaTmdeckas (opma 3ammcu cooTHommreHus (5.11). CrnemoBaTensHO,
C(a)) 9TO HEKUH COOpHBI MaTeMaTWYeCKWi NapameTp, KOTOPBIH HE SBISAETCS

€MKOCTBIO KOHTYpa.

CootHomrenue (5.11) MoxHO nepenucars U Mo-Ipyromy:

- 19Uy
L( 0"~ ) ot

Y CUHTATh, YTO

1

C(w)=—L<w2_w02).

(5.14)
Koueuno, mapavetp C(), BBenénmbIii B cOOTBETCTBUN € coOTHOMIEHUAMH (5.13) 1

(5.14) HuUKakoro OTHOIICHHS K EMKOCTH HE MMEET.
Paccmotpum cootHomerue (5.12) st IByX MpeNeTbHBIX CITydacB:

1. Korma @ << a)o HMeeM
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I:CGU :

Ot
3TOT pe3ym>TaT HOHHTCH, T.K. HA HHU3KHX YacTOoTax peaKTI/IBHOC COl‘[pOTI/IBHeHI/Ie
I/IHI[yKTI/IBHOCTI/I, BKJ'IIO‘IéHHOﬁ IIOCJICA0BATCIBHO C éMKOCTLIO, 3HAYUTCIIBHO MCHBLIIIC

€MKOCTHOTO M €r0 MOKHO HE YUUTBIBATD.

2. Jlns ciyyasi, korga @ >> @, nveem

I=——%—§g2. (5.15)
w'L Ot

VYUuThIBast, 4TO I TADMOHHUYECKOTO CHTHAjIa

oU

) = _Q)ZJ-Uzdt ,
ot

u3 (5.15) nmomyuaem

1
[ =—([Usxdt.
L LI >

B nanHOM ciy4ae peakTMBHOE COIIPOTHUBIIEHHE EMKOCTH 3HAUUTEIHHO MEHBIIE, YEM Y
UHAYKTUBHOCTH U LIEMb UIMEET HHAYKTUBHOE CONPOTHUBIICHHE.

ITpoBeneHHBIN aHATN3 TOBOPHUT O TOM, YTO HA NMPAKTUKE OYCHH TPYJHO OTIMUUTH
MOBEICHUE PE30HAHCHBIX KOHTYPOB OT YHCTOM HWHIYKTUBHOCTH WM EMKOCTH,
0COOCHHO BJIaJIM OT PE30HAHCa, IJie OTIMYMS NMPAKTUUECKH OTCYTCTBYIOT. J{i1st TOTO
YTOObI TOHSATH MCTHHHBIA COCTaB HCCIENyeMOH Iiemd HeoOXOIUMO CHATh
aMIUTMTYJHYI0 U (Da30BYIO XapaKTEpPUCTUKY TaKOH IIeNM B JWana3oHe 4acTtoT. B
Cllydyae PpE30HAHCHOTO KOHTypa Takasi 3aBUCHMOCTb OylIeT HMeThb THITHYHBIN
PE30HAHCHBIM XapakTep, Korjga 1Mo obe CTOPOHBI PE30HAHCa XapaKTep PEaKTHBHOTO
COTPOTUBIIEHHST OyAeT pa3HbIM. OfHAKO 3TO HE O3HAYAET, YTO PEATbHBIC HIIEMEHTHI
KOHTYpa: EMKOCTb HJIM MHIYKTUBHOCTD 3aBHCAT OT YaCTOTBHI.

OKBUBAJICHTHAsT CX€Ma IUIIEKTPUKA, PACIIOJIOKEHHOTO MEXIYy IUIOCKOCTSIMH

JUTMHHOM JIMHUY TIOKa3aHa Ha puc. 4.
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Puc. 4.
a — DKBHBAJICHTHAsl CXeMa OTpe3Ka JIMHHH, 3aI0JIHEHHOW UANEKTPUKOM, JUIs CIydast

w>> a)o ;
0 — PKBUBAJICHTHAsI CXeMa OTpe3Ka JIMHUHU JUIs citydast () << a)o;

B — DKBUBAJICHTHAA CX€Ma OTPE3Ka JIMHUH UL BCEIro Arara3oHa 4acToT.

Ha puc. 4 (a) u 4 (0) moka3aHsl ABa TpeNENbHBIX ciydas. B mepBoM cirydae, korna @

>>(), NMIIEKTPUK 1O CBOMM CBOMCTBaM COOTBETCTBYET NPOBOIHUKY, BO BTOPOM



clly4dae, Korga << a)o, COOTBETCTBYET AMIIEKTPHUKY, 00JIaJarOMEMy CTaTHIECKON

2
o pd
JIARJIEKTPUYECKON ITPOHUIIAEMOCTBIO & 280 1+72
Wy

Takum 00pa3oM, MOXKHO CHENaTh BBIBOA, YTO BBEJCHHE, 3aBHCAILICH OT YacTOTHI
JTUDJICKTPUYECKON TPOHMIIAEMOCTH JHUAJICKTPUKOB, SIBISCTCS H  (U3UYECKOH U
TEPMUHOJIOTHYECKOU ommoOKkor. Eciu peus uaét o AMAIEKTPHYCCKON MPOHUIIAEMOCTH
JIUAJIEKTPUKOB, C KOTOPOH CBA3aHO HAKOIUIEHHE MOTEHUUAIbHON SHEPruH, TO pedb
MOXET UJTH TOJBKO O CTATHUYECKON MpoHHUIIaeMOoCcTU. I MMEHHO 3TOT mapaMeTp Kak
MOCTOSIHHAsl BEJIMYMHA, HE 3aBHUCAILIAS OT 4YacTOTHl, BXOAMT BO BCE COOTHOLICHHS,
XapaKTEPU3YIOUIUE IEKTPOJUHAMUUECKUE XapaKTEPUCTUKH TUAIIEKTPUKOB.

Haubosiee uHTEpECHBIC PE3YIBTATH IPUMEHCHHS TAKUX HOBBIX MOAXOI0B HMEIOT
MECTO UMEHHO Ul JURJIEKTPUKOB. B 3TOM ciyyae Kak[as CBsi3aHHAs Iapa 3apsiaoB
MPEACTABISAET OTACIbHYI0 YHUTAapHYI0 €IMHMILY CO CBOMMH WHIWBUAYaJbHBIMU
XapakTepucTUKaMu U €€ ydacThe B  Ipolleccax  B3aMMOJEWUCTBUS  C
JJIEKTPOMATHUTHBIM TI0JIEM (€CITH HE YYHTHIBATH CBSI3H MEXKIY OTICITHHBEIMH ITapaMu)
CTpPOro MHAUBUAYadbHO. KOHEYHO, B TUANIEKTPUKAX HE BCE TUIOIU UMEIOT pa3HbIe
XapaKTEPUCTHKH, a IMEIOTCS Pa3IMIHbBIC TPYIIIBI C TOJOOHBIMI XapaKTePUCTUKAMH,
W KaXOas TpyIIa CBSI3aHHBIX 3apA0B C OJWHAKOBBIMH XapaKTEPHCTUKAMHU OyaeT
pe3oHHpoBaTh Ha cBoel wactore. IlpuyeM HMHTEHCHMBHOCTH TMOIJIOLIEHUSA, a B
BO30Y)KIICHHOM COCTOSHHMM W H3JIyYCHHs, Ha 3TOH YacToTe OyAeT 3aBUCETh OT
OTHOCHTEJILHOTO KOJIMYECTBA Map JTAHHOTO copTa. M mo3ToMy MOTYT OBITh BBEICHBI
MapuuaIbHBIC KOA(MQGHUIIMECHTHI, YYUTHIBAIOIIUE WX CTATHCTUYCCKANH BEC B TaKOM
mporiecce. Kpome Toro, Ha O3TH TpoOIECcCH OymeT BIUATH aHU30TPOIHUS
JIUAJIEKTPUYECKUX  CBOMCTB  CaMHMX  MOJIEKYJ, HMEIOLIUX  ONPEIEICHHYIO
9JIEKTPUUYECKYI0 ~ OpUEHTAallMI0 B KPHUCTAUIMYECKOM  pEIIeTKe. OTUMu
OOCTOATENIECTBAMH ¥ OTpPENeNsieTcss TO MHOrooOpa3We pe30HaHCOB M HX
WHTEHCUBHOCTEH, KOTOpOe HaOIoIaeTcsi B JUANIEKTpUYECKUX cpenax. Eie Ooinee

CIIOKHYIO CTPYKTYPY NPHOOPETAIOT JIMHUM TOIVIOIICHHUS WIM H3JIy4eHHs], KOTIa

48



MMEETCS DJICKTPUUECKask CBSA3b MEXy OTIEIbHBIMU TPyIIaMH u3lydyaTenei. B atom
ciydae JIMHUM MOTYT IPEBpAaIaThcs B MOJOCHl. Takol MHAMBUAYAIbHBIA MOAXOX K
KaXXIOMY OTACIHbHOMY COPTY CBSI3aHHBIX Iap 3aps0B HE MOT OBITh OCYIICCTBICH B
paMKax paHee CYIIECTBYIOIIUX MMOAXO0/I0B.

JaHHoe paccMOTpeHHEe MOKa3alo, YTO KHWHETHYeCKass MHIAYKTHMBHOCTH 3apsijioB,
CBSI3aHHBIX B aToMax WJIM MOJIEKYJaX AUAJICKTPUKOB, TaK)K€ UMEET OYCHb Ba)KHOE

3HA4YCHUC IPH OIMMMCAHUU UX q)HBPI‘IeCKI/IX CBOMCTB.

6. IloBepxHOCTHAA KMHETHYECKAA HHAYKTHBHOCTH

Jo cmx mop cuHMTanroch, 4YTO KHHETHYecKas HHIYKTHBHOCTh Hambojee
3¢ GEKTHBHO MOXKET MPOSBIIATH CE0s1 TOJIBKO B CBEPXIIPOBOIHUKAX, U BBOAMUIACH OHA
(heHomeHoIOTHYECKUM criocoboM. Ho B anieKTpoarHaMUKe MPOBOSIIHUX Cpell, KpoMe
00bEMHOM KHHETMYECKOH WHIYKTUBHOCTH, MOXXHO BBECTH e€mE W IOHSATHE
MIOBEPXHOCTHOI KMHETHYECKOH MHAYKTHBHOCTH, PACIIMPHUB TAKMM 00pa30M IpaHHIIbI
MPUMEHUMOCTH 3TOTO TTOHSITHS.

Ecmu wmMeercss marepwanbHas Ccpefa, Ha TPAHUIy KOTOPOI MONAeT IIIOCKas
ANIEKTPOMAarHUTHasE BOJHA, TO Kakas-TO YacTh SHEPTUM ITOW BOJHBI IPOXOAWT B
MaTepHANIbHYIO Cpefy, a Kakag-To oTpaxaercs. IIpomecc pacmpocTpaHeHHs BOJIHEI B
caMoil cpezie CBsi3aH ¢ €€ cBoicTBaMu. J[j1s1 BBEEHMSI IOBEPXHOCTHON KMHETUYECKOM
WHIYKTUBHOCTU PAaCCMOTPHUM CIIy4aii, KOTJja 4acTOTa MaJaroliel BOJIHbBI 3HAYUTEIHHO
HIWKE IJIa3MEHHOM [7].

YpaBHeHUss MakcBemia Jisi KOMIUIEKCHBIX aMIUIATYJ] MOJICH B JAaHHOM Cilydae

3aMUIIYTCS CIEAYIOMIIM 00pa3oM:
rotE = —ia),uofl, rotH :j

- . 6.1)
divE =0, divH =0

ot
3Z[€CI> " JajceC 3aKOH U3MCHCHHA DJICKTPOMAriiuTHOT'O TOJIA B3AT B BUJAC €lw .
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[ToBEPXHOCTHOE CONPOTUBIEHHE KR M MOBEPXHOCTHBIA peakranc X ABISIOTCS
YHCJIEHHBIMHU XapaKTepUCTUKAMU, YCTaHaBIMBAKOLIMMHU CBS3b MEXAY
TaHICHIMAJIBHBIMY  COCTABJIIOIIMMU  JIEKTPUYECKOTO M MAarHUTHOIO IIOJI1 Ha
MIOBEPXHOCTH, a TaKXKe OIPeACIAOIUMU DHEPreTUYECKUE XapaKTEPUCTUKH
B3aMMOJICHICTBHAS TOBEPXHOCTH C DIEKTPOMArHUTHBIM moseM. KomiuiekcHsle
aAMIUINTYAbl TAHTEHIMAJIBHBIX COCTABIAIOIIMX IOJEH Ha IOBEPXHOCTH CBS3aHBI
COOTHOILIEHUEM
E, =ZH,,
13 KOTOPOT'0 HETPYIHO IOJIYYUTh CBA3b MEXK]y PEAIbHBIMU IOJSIMU HA [TIOBEPXHOCTH

£.(0)

~ ~ ) 1 o«
|E; HZ || Hy |cos(wt + @), tne Z = H,0) =i, Hy(O)-([H—V(Z)dZ -

MOBEPXHOCTHBI MMIIEIaHC MOBEPXHOCTH. M3 3TOro COOTHOILIEHHWS, B 4aCTHOCTH,
CJIEIyeT, YTO MOJIYJb IIOBEPXHOCTHOTO HMIIEaHCAa JaeT OTHOIICHHE AaMIUIUTY
TaHTeHIUAJIbHBIX COCTABJIIOMINX JJIEKTPUUECKOTO M MAarHUTHOTO IoJied Ha
MTOBEPXHOCTH, a (ha3za — CIBUT (a3 MEKIY HUMHU.

Jlns ycranosnenuss cBszu R u X ¢ JHEPreTUYECKUMH XapakTEPUCTHKAMH
MIOBEPXHOCTHOTO CJIOSI BO3BMEM EAMHHYHBIN yYaCTOK MOBEPXHOCTH, U KOTOPOTO

CIpaBeNTUBBI TPaHUYHBIE YCIOBHS JIeoHTOBHYA. YMHOXKHUM TiepBoe ypaBHeHHe (6.1)

— -
Ha H , @ BTOPO€ Ha E u nounenso BeIYTEM OJHO U3 ApYroro. Ilocite HeCIOKHBIX

npeoOpa30BaHuUil MOTYIHM

S HP
divP == ] Foipt AT

7 (6.2)

rae P =§|:E x H *] - KoMIuteKcHBIH BekTop lloitHTuHra. MHTerpupys (6.2) mo

00BEMy, NexameMy IO SAWHWYHOW IDIOMIAIKONW, TOoCie IMpeoOpa3oBaHUS JIEBOU

yacTtH 1o popmyie ["ayca Halinem

rr 2
j Pd. =—%j ]‘*Edez—iza)j%Sdz, (6.3)
S V 4
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rae I/IHTerI/IpOBaHI/Ie BCICTCA 110 HOBerHOCTI/I BBI}IeHeHHOﬁ IIomaaku, a 3JICMCHT
00béMa 3amcad B Bune dSdz.

BygeM cuMTaTh, 4TO B MNpeieiaX BbIIEJIEHHON IIOMAAKH HMMEKTCS Majble
N3MCHCHUA Hoﬂeﬁ B TAHI'CHLIMAJIBHOM HaHpaBﬂeHI/II/I, a TakKXE€ YTO OTH II0JA

06paIaroTcs B HyJIb IPH Z —> 00,
B 1moBepXxHOCTHOM HHTerpase B ypaBHennu (6.3) npunsto PdS = —PndS =—-P.dS
, TZIe BEKTOp 7i HaIpaBjcH BIIyOb paccMaTpHBaeMoii cpenpl. B coorHomenuu (6.3)
CYIIECTBEHHBI TOJILKO TAHTEHIMAIbHbIE KOMIOHEHThl £ n H u, yauTsiBas uto
|E,xH,"|=Z|H, [ i,

5TO ypaBHEHME MPUBOJUTCS K BHLY:

1 i 2 1 F Tk I . i luo | 1_7 |2

5Z|H,(0)] :ﬂ, Edz+12ijdz. (6.4)

0 0

BbIIeNUB IeHCTBUTENBHYIO YaCTh 3TOTO PABEHCTBA, MOJTYIHM:

1 2 109_:*_.
PR—§R|HT(O)|—Re§_([] Edz,

rIe F;e — CpeIHss MOIIHOCTH MOTEePh Ha eIMHIYHBINA KBAJApaT MOBEPXHOCTH.

Briemnsist MEIMYIO YacTh ypaBHeHHS (6.4), HAXOAUM:
[ 17 Tuy | HI
P =5 X|H,(0)= Imzjj Edz + 260]%2,
0 0

rac PX - Cp€aHAA pC€aKTUBHas MOIHOCTb, NPUXOAAIIAACA Ha e}lHHH'—IHBIﬁ KBaJapat

TIOBEPXHOCTH.

BunHo, 4to peakTHBHas MOLIHOCTb COCTOMT U3 JABYX WieHOB. IlepBbli M3 HHUX
MPE/CTABISIET PEaKTHBHYIO MOIIHOCTh, CBSI3aHHYIO C KHHETHUECKOH SHepruer
HOCHTENEN TOKa, a BTOPOU - 1a€T PEaKTUBHYIO MOILHOCTb, CBSI3aHHYIO C HAaJU4UEM B
cpezie MarHUTHOTO TI0JIS.

I'pannussle ycnoBust:
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E, (0)= Z[HT(O)xﬁ],

rae Z = R+iX, npuMeHHTENBHO K JCHCTBUTENBHBIM BeTHdHHaM moseit £, u H,

MOXXHO 3anucaTthb B BUJC:

s om L, dH
ET :RHT+L7,

rac L=—- €CThb MOBEPXHOCTHAA MHAYKTUBHOCTH ITOBECPXHOCTH.
w

Tenepb MOKHO BBECTH emé 1 TaKUE€ HOBBIE TIOHATHA, KAK KHHETHYECKYIO U ITOJIEBYIO

MOBCPXHOCTHYIO MHAYKTUBHOCTH

T}'*Edz,

0

K

=——=——Im
@ | H;(0) ]

1 I
LH 24—2I|HT |2 dz.
| H(0)] 5
DTH COOTHOIIEHMS CIIPaBEUIMBHI UL CITydas HpOHSBOHLHOﬁ CBsA3H MEXOY TOKOM U
IIOJIEM KaK B HOpMaJIbHBIX METaJllIaX, TaK U B CBEPXIIPOBOIHUKAX.

PaCCMOTpeHI/Ie KHHETUYCCKUX TIPOLECCOB B TMPOBOJHHUKAX W JUDJICKTPUKAX
BBISIBUJIO OJIHY HMHTEPECHYI0 OCOOCHHOCTh. Eciu 3apsiipl CBOOOIHBI, TO B TaKOM
CUCTEME MOTYT CYHICCTBOBATH TOJILKO KOJUICKTHUBHBLIC KOJ'Ie6aHI/ISI, IpHU KOTOPBIX BCE
3ap4aabl, y4aCTBYIOLINUEC B KoJIe0aTeILbHOM nmponecce, COBEPUICHHO paBHOIIPABHBI. Bcee
OHU HaxXo4ATCd B OJHOM M TOM KE€ OJSHCPICTUYECKOM COCTOAHHMU H, CCJIM HE
YUYUTBIBATH MMOTCPU, TO CyMMa KHHETHYECKOU H HOTCHHHaHBHOﬁ OHCPruu B JII000H
MOMEHT BpPEMEHHU Yy HHX OJWHAKOBA. 9ToT BBIBOJ] IIOJTHOCTBIO CIIPABE€AJIMB JIsA

Cily4asi CBEpXIPOBOJIHHKOB 1 XOJIOJHOH TIa3MBbI.
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3akjrouenue

[MpakTHueckn BO BCEX YPAaBHEHUSIX JIIEKTPOAMHAMUKH, OMHCHIBAIOIINX
JIUHAMHYECKHUE CBOMCTBA MATEPUANIBHBIX CPEJ HCIOJIB3YIOTCS TAKHE MOHATHUS Kak
JIM3JIEKTPUYECKasi U MArHUTHAS TPOHHUIIaeMOCTh. OIHAKO, TPAKTHYECKH HUT/IE MbI HE
BCTPEYACM B OTHUX YPABHCHUAX TAKOI'O MapaMEeTpa KaK KUHETHYCCKAasd NHAYKTUBHOCTDb
3apsnoB. B pabore mokazaHo, YTO Takoe MOJOKEHHE JEN CBS3aHO C IJIOXUM
IIOHUMAaHUEM (1)I/ISI/IKI/I TEX MPOLECCCOB, KOTOPbIE HMCHOT MECTO B MaTCpPpUAJIBHBIX
cpenax. [IpoBeneHHOE pacCMOTpPEHHE TOKA3aJI0, YTO KUHETUYECKAs MHIIYKTHBHOCTD
3apsAI0B UMEeT HEe MEHEe BaXKHOE 3HAUYCHHE, YeM IHMIJICKTPHUYCCKas M MarHWUTHAs
MPOHHUIAEMOCTh, U TMPABWIBHOE MOHMUMAHUE JCKTPOJANHAMUYECKHUX IPOLECCOB B
TaKUX cpenax 0Oe3 UCMONb30BaHUS YKA3aHHOTO MOHSITHS HE MPEICTABISIETCS
BO3MOXKHBIM.

Urto ke KacaeTcs KMHETHYECKON €MKOCTH, TO 10 TosBiIeHus paboTsl [13] Takoe
MOHSATHE B AJICKTPOAMHAMHUKE OTCYTCTBOBAJIO.

3aMevyaHus W TOXENaHWsS 10 JaHHOHW paboTe ClieAyeT MOChUIATh 1O aJapecy

mende_fedor@mail.ru .
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