DJIEKTPUYECTBO,
3JIEKTPOMArHUTHBIC BOJIHBI U
MAarHeTU3M



Pasnea IV. DieKTpoMarHuTHbIE BOJIHBI

IV.1. HekoTopbieé OCHOBHbLIE NOJIOXXEHUs Teopun
Makcseenna 00 3fneKTpoMarHUTHOM none

CTpoiiHOE ¥ NOCJIEN0BATEIbHOE U3T0XKEHHUE TEOPUH 3JIEKTPOMArHUT-
HOTO TTIOJIsI TIpencTaBWI aHruiickui pu3uk 1. Makcsemn (1831—1879).
OCHOBHBIE TTOJIOXKEHHUS JIEKTPOAUHAMUKU Makcsesur 3armucan B KOM-
MakKTHOU MaTeMaTU4eCKOu (popMe, CEroaHs OHU U3BECTHBI KaK YpaBHE-
HUs Makceeyia. IToCKoNbKY IS 3alIMCH M ITOHUMMAaHUS 3THUX ypaBHeE-
HUM TpeOyeTCsi Xopolliee 3HaHUE BEKTOPHOIO aHAJIM3a U MAaTEMAaTHYECKOM
TEOPHUHU T10JISI, Mbl OrPaAaHUYUMCS CJIOBECHOM (DOPMYJINPOBKOM MX DU3HU-
YeCKOro CMhbICa.

IlepBoe ypaBHeHHe MakcBesia saBiasieTcsi 00001LUEHHEM UM3BECTHOIO
U3 Kypca (PUM3UKHU CPEAHEH LIKOJbl 3aKOHA 3JIEKTPOMAarHUTHOM MHAYK-
uuu Papanes: U3BMEHEHUE HAIPSKEHHOCTH MarHuTHoro noiass H npu-
BOJMUT K IOSIBJIEHHIO BUXPEBOTO* 3JIEKTPUYECKOTO MOJIs1 HANIPSDKEHHOC-

™ E. Ha puc. IV.] nokaszaHo MarHuTHoe noJse, CWioBbi€ JIMHUU KOTOPOTO
HaXOIsATCS B IUVTOCKOCTH PMCYHKA.



IIpeanonaraercsi, 4T0 OHO BO3pPACTACT E—>0 Torga B MJIOCKOCTH,
neprneHaIuKYIsIPHOM PUCYHKY, CedyeT U300paxarh CHJIOBbIE TMHUU BO3-
HUKILUEro BCAEACTBUE M3MeHEHHsI H BHUXPEBOro 3/J€KTPUYECKOro IO
HarnpskeHHOCThIO E. MaTtemaTuueckas 3arnuch 3T0ro rnojoXeHus B Mpo-
CTEHUILIEM CTy4Yae UMEET BUIIL:

dE dH
=y (IV.1)
re \, — MarHUTHas TOCTOSIHHasl, paBHas NpuMepHo 4n-107" Tu/m. B

JICBOM YacCTH NMPOU3BOAHAST HANPSXKEHHOCTU NEKTPUYECKOro MoJid 110
KOOPIMHATE X ITOKA3bIBAET OBICTPOTY M3MEHEHHUS HATIPSDKEHHOCTH B TPO-

CTpPaHCTBE TIPU TMEepPexoe OT OJAHOU TOYKH K Jpyroi. B npaBoit yactu —
MPOMU3BOAHAA IO BPEMEHU OT HAIPSDKEHHOCTH MArHUTHOTO MO, OTJIU-
Yue KOTOPOH OT HYJS SBIAACTCS NMPUYUHON BOZHUKHOBEHUS BUXPEBOTO
INEKTPHUECKOTO TIOJIS.



Puc. IV.1. [lepeMeHHOE MarHUTHOE M10JI€ (ﬁ) MOPOXIAET BUXPEBOE 3JIEKTPH-
yeckoe IoJie (E)



Bropoe ypaBHeHHe MakcBeuia ABISETCH YTBEPXKACHUEM, B HEKOTO-
POM CMBIC/IE OOPaTHBHIM MEPBOMY: M3MEHEHUE HAMPSDKEHHOCTH 3JIEKT-
PUYECKOr0 TOJS MPUBOAUT K BOSHUKHOBEHWI0 MAarHUTHOTO OIS, ITO
MmokazaHo Ha puc. IV.2 u B MareMaTHyeckoi (opme B MpOCTEHILEM
CJTyyae MOXeET OBITh 3aITUCAHO TaK:

oH_ JE (IV.2)
gx ° o

B dopmyne (IV.2) €, — snekTpiyeckas nocTosHHast (€,~8,85:107' d/m),
B JIEBOM YacTH — BEJIMYMHA, NMOKA3bIBAIOLIAS CKOPOCTh U3MEHEHHUS Ha-
MPSXXEHHOCTH MATHUTHOTO 1101 B TPOCTPAHCTBE TIPH MEPEX0IE OT TOYKH
K TOYKE, a B MPaBoii — MpOM3BOAHAS HANPKEHHOCTH 3/IEKTPHYECKOTr0
110151 O BPEMEHHM, OTJIMYME OT HYJIS KOTOPOH MOXET pacCMaTpuBaThCs B
KauecTBe MPUYMHBI BOSHUKHOBEHMS MArHUTHOTO MO,



Puc. IV.2. TlepemeHHoe aekTpideckoe rone (E) mopoxkmaer marsuHoe mose ()



IV.2. neKTpoMarHUTHbIE BOJIHbI

M3 Teopun Makcsesuia, B YaCTHOCTH, CJIEAYET, YTO €CJIM B HEKOTOPOM
TOYKE MPOCTPAHCTBA COBEPILAET TAPMOHUYECKUE KOJIECOAHUSI DIIEKTPUYEC-
KM 3apsil, TO OH SBJISIETCS UCTOYHUKOM 3JIEKTPOMArHUTHOW BOJIHBEI.

[Ipeanonoxum, 4ToO B HEKOTOPO# TOYKE ¢ KoopauHaToi X = () koJieo-
JIETCA 3apsAl U CO3J4aBacMO€ MM 3JIEKTPUYECKOE I10JIE U3MEHAETCA IO
rapMOHHUYECKOMY 3aKOHY:

E=E, sinwt. (IV.3)

DNeKTpOMarHUTHOE 1oJie OyIeT pacrpoCTpaHATLCS BOOJB OCH X, H
CJIEOOBAaTe/IbHO, B KaKOoM-11u00 ToukKe B Ha nMHUM, yaaJleHHOM Ha pac-
CTOSAHME X OT TOYKH X = (), TaKXKe BO3HUKHYT rapMOHHUYECKHE KOJieha-
HUa noas. OOHAKO pacnpocTpaHEHHME IMOJs MPOUCXOAUT ¢ KOHEYHOM

CKOPOCTBIO V, TaK 4YTO KoJsieObaHusi B Touke B OyayT 3ama3abiBaTh OTHO-

CUTENBbHO KoJieDaHMM B HayaJbHOM TOYKE Ha BPEMS paclpOCTPAaHEHUS
X

UMIYNbCA 1= CrnenoBaTebHO, KONeOaAHUA 3NEKTPUYECKOTO ITOJNSA B

TOYKE C Koopnnua'roﬁ X 3aITMIIYTCA B BUIEC!

E(x,t)=E, -sin [w[t-l‘-]] . (IV.4)

Vv



MOXHO nmokasaTh, YTO MaKCHMMyMbl 3JIEKTPUYECKOTO I10JIs1 TIPH pac-
NIPOCTPAHEHUH 3JIEKTPOMArHUTHOIO UMIIYJIbCA COBIIQJAIOT C MAKCUMY-
MaMM MarHUTHoOro noJsi. CienoBareyibHO, KojebaHUsI MarHUTHOTO T10JIst
B TOYKE ¢ KoopauHaTou X = 0 OyayT 3anuceiBaThCcsl B BUAe H=H, sin wt,
a B TOYKE C KOOPIWHATOM X:

H(x,t)=H, -sin [w(t_l‘. )] : (IV.5)
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Puc. IV.3. HanpagyieHus ¥ BeJIMYMHBI HanpsokeHHocTeH aekrpudeckoro (E) u
MarHutHoro (H) rnosei B rjockou rapMOHHYECKOM 3JIEKTPOMArHUTHOMH BOJIHE
B TOYKAX C pa3/iM4YHbBIMM KOOpAMHATAMM X; V — CKOPOCTb pacnpocTpaHeHUs
BOJIHBI.



OTU (hopMyNbl BBIPAXKAIOT 3aKOHBI H3MEHEHUS 3JIEKTPUYECKOr0 U Mar-
HUTHOTO ITOJIEU B BOJIHE, PACIIPOCTPAHAIOLLIEHUCS B OOHOM OIpeHesieH-
HOM HaIpaBJIEHUH, 4 UMEHHO B ITOJIOXKHUTEJIbHOM HaIlpaBJIeHUMU OCU X.
OHM Ha3BIBAIOTCS YPABHEHUSIMHU TJIOCKOW rapMOHUYECKOM 3JIEKTpoMar-
HUTHOM BOJIHHI.

Ha puc. IV.3 npeacrabieHa «dpororpacdusi» TaKkoi BOJIHbI, Ha HeH
MOKa3aHo, YeMy B HEKOTOPBIH (PUKCUPOBAHHBIH MOMEHT BPEMEHM paB-
HbI M Kya HallpaBJIEHBI B KAXI0OM TOYKE BEKTOPBI HAIIPSDKEHHOCTU 3JIEK-
TPUUYECKOI0 U MArHUTHOIO TOJIEH.



—» V

Puc. IV.4. B3auMHoe pacrionioxXeHue BEKTOPOB HAIIPSKEHHOCTEH 3JIEKTPHUYECKO-
TO M MarHMTHOTO NOJIEH U CKOPOCTH PacNpOCTPaHEHHUs BOJIHBI.

BunHo, 4To B J11000#1 TOYKE OCU X OHU MEPINEHAUKYIAPHBI APYT APY-
Iy, a TaKXXe CKOPOCTH pacrpocTpaHeHus BonHe: E | H 1V (puc. IV.4).
Kak ¥ B MEXaHMYECKOIl BOJIHE, IUITMHA 3JIEKTPOMATHUTHOM BOJHBI —
3TO PACCTOSTHHE MEXAY ABYMS OIIKAMIUMMUA MAKCUMYMaMHU M PaccTosi-

HUE, Ha KOTOPOE BOJIHA PACIPOCTPaHSAETCS 3a BpPEMS, paBHOE TIEPUOIY
Konebanut T:A=v T.



Torma Mexny JUIMHOI BOJIHBI, CKOPOCTBIO €€ paclpoCTpaHEHHUS U Ya-
CTOTOM CYIIECTBYET CBA3b:

\%

V
M3 Teopun Makcpesia Takxke CleayeT, YTO CKOPOCTh pacipoCcTpaHe-

HHUS DJIEKTPOMAarHUTHBIX BOJIH B BAaKYyMe€ BBIYMCISIETCS MO (POpMyJIe:

G vep b (IV.7)

BaK J’;op’_o




IToacrasuB B dhopmyny (IV.7) 3HaYeHUE YHUBEPCAIBHBIX MOCTOSH-
HBIX, TTOJIYYUM, YTO OHa paBHa npuMepHO 3-10° M/C 1 Ha3BIBaeTCs CKO-
pocThio cBeTa. B manbpHelieM Mbl OyaeM 0003HayaThb 3Ty BEJIMYMHY OyK-
BOM C:

e (IV.8)

Vet

B BewmiecTBe 3Ta CKOpPOCTb YMCHBHLIACTCHA:

V= ¢ . (IV9)
-

[I€ € — OUBJIEKTPUYECKAsi TTPOHUIIAEMOCTh pacCMaTpUBaAeMOM Cpeasbl;
L — €€ MarHuTHas INnpoHHULACMOCTb.

Kak ¥ 1 MexaHU4eCKUX BOJIH, B IaHHOM CJIyya€ BBOOAUTCA BCIINYHU-
Ha IMJIOTHOCTHU INMOTOKa SHEPruu, KOTopass BLIYUCITACTCA MO cbopMyne:

]= E-HJ. (IV.10; Bekrop IloitThHra)



IV.3. LLikana aneKrpoMarHUTHbIX BOJIH

JleneHue Bcex 31EKTPOMArHMTHBIX BOJTH Ha PAA JUanNa30HOB (B 3aBU-
CUMOCTH OT UX YaCTOTHI ¥ JUIMHBI BOJIHBI B BAKYYME) CTAJI0 TPAAULIUOH-
HBIM B (pu3uKe. B nepBoM NMpUOIVIKEHMM pa3iuyaloT paauoBOIHEI (A),
uHppakpacHoe (b), Buaumoe (B), yaprpadmnonerosoe (I'), peHTreHO-
Bckoe () u ramma-usnydyenue (E) (puc. IV.S).



PaccMOTpUM UMCTOYHUKU U3JIYYEHUH Pa3IUYHBIX THITOB: Y-JIYYU BO3-
HUKAIOT TPU TIEPEXOAE aTOMHBIX SiIEP M3 BO30YXIEHHBIX COCTOSSHUM B
HEBO30YXIIEHHBIE, PEHTIE€HOBCKOE M3JIYYEeHUEe — TNPHU TOPMOXEHUM Nep-
BOHAYaJIbHO YCKOPEHHBIX 3JIEKTPOHOB NPU INOMNAJaHUU B BELIECTBO U
TIpY MEPEXOAAX IEKTPOHOB B TSIKEJIBIX aTOMaX C BHEIIHUX HA BHYTPEH-
HUEe OpOUTHI. YbTpaduoNeTOBbIE, BUIMMBIE U MH(MpaKpacHbIe JIVYYU TaK-
€ BO3HUKAIOT MPHY Pa3/IMYHBIX MEepexosax B aToMax M MOJIEKYJ1ax Belle-
cTtBa. OCHOBHBIMHM UCTOYHUKAMHM PAIHUOBOJTH Ha 3eMJIe CITYXaT paziInyHble
NEKTPUYECKUE SABICHUSA, MPOUCXOAdIIUEe B atMocdepe, paauousayye-
Hue ConHIa, a TaKKe paauoBellaTe/IbHble U TEJIEBU3MOHHBIE CTAHIIMH,
pPaauoJIOKaTOpPhbl, CUCTEMBI CBS3M.



DNEeKTPOMAarHUTHBIC U3JIYYEHUS] BCEX BUIOB TaK WIM MHA4Ye HAXOIAT
NMPUMEHEHUE B MeAULMHE. y-MU31yyeHHe UCIIOJAB3YIOT B JUAarHOCTHUKE
psana 3aboneBaHUN (HaTpUMeEp, PETUCTPUPYS padUOaKTUBHOE H3JIyye-
HHUE BBEACHHOI'O B OpraHMU3M PaJUOHYKIMIa, MOXHO JIOKAJIM30BaTh Pl
Y4acCTKOB M 00J1aCTEi1 B OpraHM3Me YeJIOBEKAa, B KOTOPBIX UMEETCS 1aTo-
JIOTHS1), 4 TaKXe B Teparnuu. baaroaapsi pasjiMyHOMY ociabieHUI0 peH-
TF€eHOBCKHUX JIVUEH pasIMYHBIMUA TKAHSIMU OpPraHMU3Ma UX TaKXKe MOXHO
HUCITOJIB30BaTh JUISA TUarHOCTUKH BHYTPEHHEH NMaTOJIOTUU, 110Jy4yasi peH-
TreHOBCKHE U300paxKeHUusi BHYTPEHHUX opraHoB. Buaumeie, uHdpakpac-
HbI€ M YIbTpa(UONETOBBIE JIYYU BBI3HIBAIOT B Pa3jIMUHbIX CTPYKTYpax
(hboTOOHOJIOTHYECKHE MTPOLIECCHI, BUAMMBIN CBET OOYCIIOBIIMBAET peakLiuu
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Puc. IV.5. [IIkana 3neXTpOMarHMTHLIX U3TyYeHUH (Bo3pacTaHue JJIMHBI BOJIHBI
cJieBa HanpaBo OOYCJIOBJIMBAET YMEHBILUEHUE €€ YacCTOThI).



(dOTOCHHTE3a B paCTCHUAX; TEIUIOBOU 3(PDEKT HH(PPAKpPaCHOro U3jydye-
HUS IIPUMEHSIOT ISl JIeueHMs 3a001eBaHMIM ITOBEPXHOCTHBIX TKaHEeH (I1y-
OuHOM okoso 20 MM), WIS aKkTUBALMM MeTabojM3Ma B TKaAHAX W T.IN.
[TepBuyHOE necTBHE YIbTPadUOIETOBBIX JIy4ei Ha KOXY CBSA3aHO C
bOTOXMMHUYECKUMHU peaKIIMAMU. YIbTPadHOJIETOBLIE JIYYH B IUATIA30HE
315<A <380 HM crmocoOCTBYIOT 00pa30BaHUIO U3 AETUAPOXOJIECTEPHHA
KOXH BUTaMMUHaA D, yyactByiouero B ¢ochopHO-KaATbIIUEBOM OOMEHE;
HeOoJIblINE T03bI YIBTPahHOJIETOBBIX JIy4eH B 1Marna3oHe 280<A <315 HM,
NMPpOHUKas Ha rIyouHy oxkoJio 0,1—1 MM, BBI3BIBAIOT 3PUTEMY — MHTEH-
CUBHO€ TIOKpPaCHEHME KOXWH, repexonsuiee B 3arap. HakoHel, Kopor-
Kue yiaerpaduonerossle Jydu (200—280 HM) oka3biBalOT OaKTEpULIMI-
HOE JEUCTBHE.



SddeKkT HarpeBaHUsI TKaHE oOpraHu3Ma pagvoOBOJHAMHM CEroaHs
HIHPOKO MCMOJL3YIOT B MEAMIIMHE NMPHU NMPOBEACHUHU (DU3NOTEpATIEBTH-
YeCKHUX Ipoueayp ¢ NMOMOLIBIO anrnapaToB YJIBTPaBBICOKOYACTOTHOM M
BBICOKOYACTOTHOU Tepanuu™ ¥ UHAYKTOTEPMUM.

Tak, npu YBY-Tepanuu Ha Ty WM MHYIO 00JacTh Tejla MOMENIAIOT
IBa IUIOCKMX M30JMPOBAHHBIX 3JIEKTPOJa, HE KacalolMuxcs Tena (moiy-
4yaloTcsl 00KIaaKu KoHaeHcatopa). Iloa BO3neMCTBHEM MEPEMEHHOIO
3JIEKTPOMArHUTHOIO I10JIs1 B TKaHSAX BO3HUKAIOT TOKH IPOBOAUMOCTH U
B COOTBETCTBMM C 3aKOHOM JIXoyasi—JIeHLa BBIAECISAETCS KOJMYECTBO
Teru1oThl Q:



k-E2, - V-At
Q= 2 , (IV.11)

p
rae E,, — apdexkTuBHOE 3HaUEHUE HANPSDKEHHOCTH BO3ACHCTBYIOLLETO
Ha OpPraHu3M 3JIEKTPUYECKOIrO MOoJs; p — YACABHOE COIPOTUBIICHUE
TKaHU K — KO3D@OHUILHUEHT NpPOToOpLHHOHAJIBHOCTH;, V — 00BEM mnporpe-
BaeMOM TKaHU,; At — BpeMs IIPOLECAYPHI.

JTO pacCMOTPEHUE COOTBETCTBOBAIO NMPOBOASLUMM TKAHSM; B TKa-
HSIX-AURJICKTPUKAX IO NEUCTBUEM TNEPEMEHHOTO JIEKTPHUYECKOTO IMOJIsA
MPOUCXOIMUT MOJsipU3aLMs MOJIeKY)l. BpaluareabHble KonebaHUs Mosi-
PHU30BaHHBIX MOJIEKYJI, KOJIeOAHUSI MOHOB U MOHHBIX I'PYINIT B KPYMHBIX
MOJIEKYJIaX, BBI3bIBAEMBIE IIEPEMEHHBIM JIEKTPUYECKUM ITOJIEM, OTCTA-
10T 1O a3e oT KoJeOaHUM caMOro 3TOro MoJisi. JHEPTrUs NEKTPUYECKO-
ro 1oJjs, 3aTpayMBaeMasi Ha MPeonoJIECHUE CHJI CBA3M MEXIY MOJIEKYJa-




MH, MOHAaMM M T.II., IIpeoOpa3yeTcs B TEILUIOBYIO. KOJIM4yeCTBO BhIEAE-
MOM TEIUIOTHI PaCCYUTHIBAIOT IO (hopmye:

Q=w-e-¢g- .E? 7 -V-t88- At (IV.12)

rae E.. — 3ddeKTUBHOE 3HAYEHUE HATIPDSIXKEHHOCTH Bo:meﬁcm 10-
3¢

HIE€TO0 Ha TKAHDb IICPEMCHHOTO JJICKTPHUYECKOIO ITOJIA E \/_ }

IUSJIEKTPUUYECKAsl ITPOHULIAEMOCTb OU3JIEKTPUKA; €, — 3JIEKTpUYECKas
IMOCTOSIHHAS, O — LIMKJIMYeCcKasa 4yacToTa U3MEHEHMS BEeJIMYUHBI T10J1;
V — 00beM nmporpeBaeMoi TKaHU; At — BpeMsi TPOLIEAYPHI; 120 — BEeIUYU-
Ha, ONpEICACHHBIM 00pa3oM CBs3aHHAs C pa3HOCTHIO (a3 KonebaHuu
3JIEKTPUUYECKOrO TOKA Y HAIIPSDKEHUS B LICMH, COAEPXKALIEH reHepaTop 1
[POrpeBaeMyl0 TKaHb.



B MHIAYKTOTEPMHUHM JUIsI BO3IEMCTBHS Ha OPraHW3M MCITONb3YIOT nepe-
MEHHOE BBICOKOYACTOTHOE MarHMTHoOE ToJe. I1py 3TOM B TOKOTIPOBOIS -
[MX TKAHAX (COmEPXALUMX PACTBOPHI 3JIEKTPOJIMTOB) IO 3aKOHY 3JIEKT-
POMAarHUTHOM MHAYKUMM BO3HUKAIOT 3aMKHYTbI€ BUXPEBBIE TOKU U UX
3Heprusi npeobpasyeTcs B TEIUIOBYIO. [lepeMeHHOe MarHUTHOE T10JIE IaeT
TeruIoBoM 3(MGHEKT, ¥ KOJIUYECTBO BhIIENSIEMON TEIIOTH BBIYUCISETCS
no ¢opMyJie: |

Q=%-w2-B§¢-At. (IV.13)

Bce Bxoasime B GopMyy BEIMYMHBI paCCMOTPEHHBI BhIlE. Tpedyer
NOSICHEHUH TONIBKO B,y — 3TO a(pexTrBHOE 3HAYEHME MHAYKIIMMA Mar-
HUTHOTO MOJIsl, KOTOPOE B +/2 pa3 MeHblle aMILTUTYIHOrO 3HAYEeHMUS.



IV. 4 CBoliCcTBA 3JIEKTPOMATHUTHBIX BOJIH

AnekmpomMazHUMHas 80JIHa - 3NeKTPOMarHUTHble KonebaHus,
pacrnpocTpaHALWMecs B NPOCTPAHCTBE U NepeHoCALMe 3HEPIUi.

OCOBEHHOCTY 3NEKTPOMAarHUTHBIX BOSH, 3aKOHbI MX BO30YXXAEHUSA U pacnpoCcTpaHeHUS
ONUCbIBaKTCA ypaBHeHNAMN MakcBenna (KoTopble B JaHHOM Kypce He
paccMaTpuBatoTca). Ecnm B Kakoi-To o6racT NpoCTPaHCTBA CYLLECTBYIOT
3NEKTPUYECKME 3apaabl U TOKU, TO UBMEHEHWE X CO BPEMEHEM NPUBOAUT K U3NY4EHUIO
3NEKTPOMAarHUTHbIX BOMH. OnucaHue Ux pacnpocTpaHeHUa aHanorM4Ho on1UcaHui
MeXaHW4YEeCKNX BOSH.



Ecnu cpega ogHopoaHa U BOJTHA pacnpoCTpaHAETCH BAOMb OCKM X CO CKOPOCTbIO V, TO
anekTpuyeckasa (E) n mardiutHaa (B) coctaBngawowme

NoNa B KAXXO0W TOYKE cpebl N3MEHAKTCH NO rapMOHNYECKOMY 3aKOHY C OAMHAKOBOW
KpyroBowm 4acTtoTon (W) U B 0AUHAKOBOW ha3e (YypaBHEHWE NMIOCKOW BOJIHbI):

E=E_cos|o(t — x/v)], (16.1)
B = B_cos|o(t — x/v)], (16.2)

rae X A- koopguHata ToYkK, a t - Bpems.



BekTtopbl B 1 E B3aMMHO nepneHanKynapHbl, U KaXAbI U3 HUX NnepneHaukynapeH
HanpaBneHuo pacnpocTpaHeHns BoMHbl (0Cb X). [M03TOMY 3NEKTPOMarHUTHbIE BOJSTHbI
ABNATCA NonepevHbiMn (puc. 16.1).

B

=

Puc.16.1. BsanmHoe pacnonoxeHune BeKTopoB E, B B anekTpoMarHUTHOW BONHE,
pacnpocTpaHaLwenca Baonb ocn X



Moavau Bektopos E B B B n10cKo# 31eKTpOMarHuTHON BOJIHE CBS3a-
HBI COOTHOWEeHHeM & eE? = Bz/u,',,u.

CKOpOCTH pacnpocTpaHeHHsI 3IJEKTPOMATrHHUTHON BOJHBI 3aBHCHT OT
OTHOCHTCJIBHOH TH3ICKTPHYCCKOH (£) H MATHHTHOH (1) IPOHHILIASMOCTCH
cpeiabl U onpeaeasiercs Gopmyioi

v =1/ Jem el = c/\fep, (16.3)

rae ¢, = 8,85x1071? ®/m u p, = 12,6x107" I'n/M — 3MeKTpHUSCKAs W Mar-
HUTHAA NOCTOAHHBIE, ¢ — CKOPOCTL 2JIEKTPOMArHHTHBIX BOJIH B BAKYYMe,
paBHasi ¢ = 1/.fe_ p_ = 3x10% m/c.




CKOPOCTb pacnpocTpaHeHNs 3NEeKTPOMArHUTHbIX BOMH B BaKyyMe paBHa CKOPOCTY
pacnpocTpaHeHUs cBeTa (3TO NOCNYKUMNO OCHOBaAHWEM ANSA co3aaHusa Makceennom
anekmpomMazHuUmMHol meopuu ceema).

Y4yntbiBas, 4To abCONOTHLIN NOKa3aTenb NPenoMIeHns cpeabl PaBeH N = C/V, MOXHO
YCTaHOBUTb CBA3b MEXAY N, &, M:

n = Jep. (16.4)



Csolcmsa QNIEKTPOMArHTHbIX BOJIH:

nonepeYHbIE;

* CKOPOCTbE pacrpocTpaHEHUA B BaKyyMe HE 3aBVCUT OT YaCTOThbl,
* YaCTU4HOE nornoweHne BOJIH ANI3NEKTPUKOM;

* NPaKTU4YeCKN NoJNTHOE OTpaKEHWE BOJIH OT METAJJ10B;

* nNpenoMneHne BOJIH Ha rpaHnue QnanekTpuKoB;

 UHTepdepeHuns, andpakunsa BOJH.



IV. 5 DHepreruyeckue XapaKTEePUCTUKH JIEKTPOMATHUTHOU BOJIHbI

OHEPreTU4YeCcKne XapakTepuCcTUKN 3NEKTPOMarHMTHbIX BOMH NO CBOEMY CMBbICITY
COBMNagarT C IHEPTrETUYECKMMUN XaPaAKTEPUCTUKaAMN MEXAHUYECKUX BONH (pasaen 2.4).

Cpefa, B KOTOPOW pacnpocTpaHaeTcs BonHa, obnagaeT aneKTpoMarHMTHON 3HEPTUEN,
CKNaablBaLLENCa U3 IHEPTUIA ANEKTPUYECKOTO 1 MArHUTHOrO None.

O6beMHas N1I0MHOCMb 3Hep2uUU 3NeKTPOMarHUTHOro nons (w) - cyMmMapHas
3HEepPrus 3NeKTPUYECcKOro U MarHUTHOro norneu B eanHuue o6bema cpeabi:

w, =w, +w =gg,E/2 + B 2up,. (16.5)

M



[I1oTHOCTH 3HCerﬁ MACKTPHYUCCKOIO H MAarHHTHOTIO MOJICH B 3JICKT-
pOMﬂl’HHTHOﬁ BO.THE OJAHHAKOBHbI.

eg,E?/2 = B’ 2up,,. (16.6)

[TosTomMy a1 00BEMHON IJIOTHOCTH 3HEPTrHH 3JCKTPOMATHHTHOTIO
MOJAsi MOXHO 3anucaTh HECKOIbKO 3KBHBAIEHTHBIX BbIPaXeHHi:

w., = £8.E? = B*/up, = BxE feg, Ju n. (16.7)

PacnpocTpaHeHne aneKTPoOMarHUTHbIX BOMH, Kak U pacnpocTpaHeHne MexaHU4ecKnx
BOJTIH, COMPOBOXAOAETCAH NEPEHOCOM SHEPIUN.



[Tomok 3Hepauu (P) - BeNU4YUHa, paBHas 3Heprun, nepeHocuMon
3NeKTpoOMarHUTHOW BONHOW Yepe3 AaHHY NOBEPXHOCTb 3a eAUHULYY BPeMeHM:

@ = dE/dt, |Br]. (16.8)

Humencuenocms 60416t WIH IJIOTHOCTD NOTOKA 3Hepruu (I) — Beimun-
Ha, paBHAA NOTOKY JHEPIrHH, NepeHOCHMOMH 3/IeKTPOMATHHTHOH BOJI-
HOH Yepe3 eAMHHYHYI) IIOMAAKY, NepHeH UK Y IAPHYI0 HANIPABIEHHI)
pacnpocTpaHeHHs BOJIHBI:

| = ®/S. |Br/v?]. (16.9)
Kak M 113 MeXaHHYeCKHX BOJH., HHTEHCHBHOCTh 3/1E€KTPOMArH MTHOI

BOJIHbI BbIPAXAaeTCsl 4Yepe3 CKOPOCTh pacnpocrpaHeHuss M 00beMHYIO
NJIOTHOCTHL SHEPIUM;

| =gy vy B'E'\leso/l‘ol‘° (16.10) Ha
rpaHuLe atmocdepbl 3eMNn cpeaHerooBoe 3Ha4eHne | ConHeYHOro CBeTa CoCTaBNsaeT

1,370 KBT/M2 (CONHEeYHasa NOCTOAHHAA). ITa UHTEHCUMBHOCTL obecnevynBaeT Bce
NPOLIECCHI, KOTOPbIE NPOTEKAKT 33 CYET CONMHEYHOW SHEPTUN.



IV. 6 Teaemeauiiuua

TenemeguniHa —  TIpPUK/aJHOe  HalpaB/leHHe
MeJUIMHCKONM HayKM, CBsi3aHHOe C pa3paboTKou wu

MpUMEHEeHHWEeM Ha IpakTUKe METOI0B JAUCTaHLIMOHHOI O
OKa3aHusi MeAWIMHCKOW TIoMolmlM W  oOmeHa
cnelMa/d3upoBaHHOM  MH@oOpMmalMenn Ha  Oase
MCTI0J/Ib30BaHUA COBpPEeMEHHbIX
Te/IeKOMMYHHUKaIIMOHHBIX TEXHOJIOTUH



Ilenb Te/ieMeUIMHbI = rpejocTaB/ieHue
KaueCTBEHHOW MeAWIIMHCKOW TIOMOL[A  Jr0boMy
yejIOBEKY He3aBHCHMMO OT ero MeCTOHaxO)K/IeHWs WU
COL[Ma/IbHOTO MOJI0KEeHHUs

IIpeagMer Te/leMeAUIMHbI — Tepejladya MOCPeCTBOM
Te/IeKOMMYHUKALMM W KOMITbIOTEPHBLIX TeXHOJIOTHUU
BCeX BWJIOB MeNUIIMHCKOM MWHGOpMaLlud Mexay
OTAa/leHHBIMM  Jpyr  OT  fApyra  IIYHKTaMu
(MEIULMHCKUMH  yUupe)XX[eHUsAMH, TaljdeHTaMHd WU
BpadyaMH, Npe/ICTaBUTE/ISIMU 3/IpaBOOXpaHeHus U T.11.)



TUNbLI TEXHOJOTHH TeJJeMeIUuIIHHBI

- Off-line  wiM  TenekoHCy/JbTalUd  OT/IOKEHHass -
Pa3HOBU/IHOCTD ya/IeHHOI 0 KOHCYJIbTUPOBaHUs,
MIPOUCXO0/s11as bes MCII0/Ib30BaHUS CUCTEM
BHYTPHUCETeBOro 00I[eHHs B peajlbHOM BpeMeHH.

CyTb COCTOUT B TIO/JyYeHUHU W TMepefaud H300pakeHUH B
UupoBOM BHJe OT OJHOrO TII0/ib30BaTess (Bpaua) K
apyromy. [ns oOueHus U 1nepejgaud uvHGopMaluu
KOHCY/JbTaHT U aDOHEHT MCIO/b3YIOT 3/€KTPOHHYIO MOUTY
M crelyasjbHble CUCTeMbl OT/I0KeHHbIX TeJIeKOHCY/IbTallkH.
JlharHo3 WAM KOHCY/AbTallusi MOTYT ObITh TO/y4YeHbl B
TeueHUe 24 — 48 4yacos.



On-line wiM ouyHOe yjaneHHOe  KOHCY/JbTHPOBaHHeE
(«ABYCTOPOHHEE WHTepaKTUBHOE Te/IeBUeHUEe» ) -
TejeMeULMHCKasd TMpoleaypa, Pa3sHOBUAHOCTb VAaJeHHOIO
KOHCYJ/IbTUPOBaHUS, MPOBOAMMAas C HCM0J/Ib30BaHUEM CUCTeM
peasibHOr0 BpeMeHH (Kak IMpaBu/io, BUJe0CBs3H )




Cdepsnl TereMeAUIIUHBI

VNHCTPYKTaXX — TeJeMeAuIIMHCKas IIpoLeaypa,
npejcTapasoiias cobori obecrieueHne (QU3UUECKOTO
nviia  (MeauLMHCKYI0 CcecTpy, (Qenpaiiepa U T.1.)
OQHOCTOPDOHHEW BHIEO0- U TOJIOCOBOW CBSSBH) C

KOHCY/JIbTAHTOM /Uil TIO/Jy4YeHHUs peKoMeHAallui I10
OKa3aHUIo repBou MeANLAHCKOM MTOMOILLIHN.

[IpyMmeHsieTcs B C/IyyassiX MacCCOBBIX TIOP@KEHUU TMIPHU
KaTacTpodax.



buopaauorenemerpusa (bPTM, Tenemerpus) -—
perucrpaius (pHU3U0/IOTUUYECKUX AaHHbIX Ha
pacCTOssHHUM MOCPeACTBOM paJuOCBsA3HU. ITO Haubosiee
crapas obacTb MPpUMEHEeH U TeaeMe JULUHbI
(KocMHUecKass MeJULUHa).

MOHHUTOPHHT — TeaeMeULUHCKas rnpoueaypa,
Pa3sHOBUIHOCTL, TeJeMeTpUM: YyJaJleHHass perucrpaius
(pru3roJIOTUUYECKUX T[IoKasaTejerl Yy JIIoJeu, 3aBejgoMO
CTpajarllUX TeM WIU UHbIM 3abojieBaHHUEeM

CucremMsl MOHHMHTOPDHHI'A: a

—

BHyTpuO0O/IbHUUHBIN
BeITOBOU
[lepeaBU>XKHOU




JAucraHijHoOHHOoe oOyuyeHHWe —  pPa3HOBHUAHOCTH
yuebOHOro rpoijecca, rnpu KOTOpPOM aubo
rnperojlapatejlib W ayaguTopusi, JAUO0 CTyJaeHTbl U
HCTOYHUK HWHoOpMaLMKU pasejieHbl reorpaduyecku.

,Z[JIH obecrieueHus ceaHCOB AUCTAHIITMOHHOI'O
O6yq8HH$I HUCITOJIB3YHOTCH KOMIIBHOTEDbI H
TEJIEKOMMYHHMKAILIWMH, IIDEMMYILIE€ECTBEHHO I/IHTepHET

Kapauosiorus

[TpyuMeHeHHe TesieMeIWulIMHbl B
Kap/IUOJIOTUMU CTPOUTCSA Ha

AUCTAaHLIMOHHOM aHaimu3e
3/IeKTPOKapAuOoTr paMMBbl,

3X0KapguorpamMMmbl U
HEKOTOPbIX APYTHUX
HhccjieIoBaHu M KakK B
peaibHOM, Tak 15 B

OTCPpO4YE€HHOM BpEMEHH




HanpapjieHus TejieMeTUIIAHbI
TenemeguiHa KPUTHYECKHX COCTOSAHUM

Bo Bpem# KaTacTpo@ Criel{UaJuCTbl-MeIUKH BbI1e/I910T [Ba
NPUHLMITHA/IbHBIX 3Tara:

paHHPIﬁ [nepuo, Koriaa IrnposoAATCA CIldCaTeJ/IbHbIE pa60'rb1 141
JII/IKBHAHPYI’OTCH OIfaCHble [UIA KM3HHW TOUIEeACTBHA. Ha sTom
JTarie Kpapme BdKHd I'IpaBHJIbHaH OpraHM3dlivd o4epeJHOCTHU U
obObeMa okKa3aHuf MEAI/II_U/IHCKOH [MOMOIIH

OTCTPOUYEHHbI Tepuo/, KOorjga IOCTPaJaBlIMM OKa3biBaeTCs
KBa/W(UIMpOBaHHAs W CrieliMaivM3MpoBaHHasl MOMOILb. 3/1eCh
Ba)kKHa KOHCY/IbTaTUBHAS MOMOILb CrieL{aInCTOB
ornpe/eseHHOro npoduis (yaajieHHbId JOCTYI K UH(POpMaLUu



BoeHHas TejieMeHIMHA

HoBoe gbixaHue TejieMeJAUI[MHCKHE TeXHOJOTUM MONYyYMN/Iv
C pa3BUTHEeM BOEHHOUW MeaullMHbL. Bce pa3paboTku MOryT

OBITb C yCIeXOM TpHMeHeHbl B MeJUlIMHe KPUTHUUYEeCKHX
COCTOSIHUMH.



