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Heab padoThl

HpI/IBI/ITI/Ie HaBBIKOB YUYCTa 0COOEHHOCTE!N BIUSHHUS QJICKTPUICCKUX CBOMCTB
Cpca Ha IpoHecCC paClpoCTpaHCHUA IJICKTPOMATHUTHBIX BOJIH IIPU OUCHKU KOPPCKT-
HOCTHU pa3pa6OTaHHBIX nporpamMm IJisi MOACIUPOBAHUA SJICKTPOAMHAMUYICCKUX TIPO-
OCCCOB.

Conepxanue padorsbl

1. O3HakOMJICHHE C TEOPETUYECKUMHU OCOOCHHOCTSIMHU MPEACTaBICHUS PELICHUS
3aJ1a4m.

2. O3HakOMJICHHME C MaTEMaTHUYECKUM pEIICHHEM 3aJadyd O paclHpoCTPaHCHUHU
AJIEKTPOMArHUTHOM BOJHBI B Cpeiax 0€3 MOTephb U C MOTEPSIMH.

IIporpaMmma nmoaAroToBKHU K padore

1 M3yunTh KpaTKue CBEICHUS U3 TEOPUHU.

2 O3HAKOMUTHCS C PACUETHBIMM COOTHOLIECHMSIMU ISl AJIEKTPOIMHAMUYECKOU
MOJIEIIN.

3 IIpoBecTH pacyeThl XapaKTEpPUCTUK BOJHBI IPH PACIPOCTPAHEHUHU B CpPEAAX C
MOTEPSMH U 0€3 MOTEPb.

4 1ToAroTOBUTHCS K OTBETaM Ha KOHTPOJIBHBIE BOIIPOCHI.

5 IloaroroBuTh GJIaHK OTYETA IO padoTeE.



Kpartkoe onucanue Teopun
1 Ilnockue 0AHOPOIHBIE BOJIHBI B H30TPONHBIX cpeaax 0e3 morepb

PacnipocTpaneHune 31€KTPOMArHUTHBIX BOJH MPOUCXOAUT B CpEJie, MmapamMeTphl
KOTOPOM ONPENECTAIOTCS IUAICKTPUUECKOW & M MAarHUTHOW [/ TIPOHUIIAEMOCTSIMU U

YAEIBHON NMPOBOAUMOCTBIO & Cpelbl. B 3aBUCMMOCTH OT COOTHOLLIECHUS JI€MCTBU-
TEJIbHOW U MHUMOM 4aCT€ OTHOCUTEIBHON KOMIUICKCHOW NUAJIEKTPUUECKON MPOHU-
11Iae€MOCTH, OMUCHIBAEMOU (hOPMYJION:

~ e} e ,
Ey =6y —I—=¢yl e—i— |=¢,(e —1604,0), (1)
) e

Tac ﬂ“O - JJJINHA BOJIHBI B BAKYYyMC,

UMEEM CIIEYIOlee ACJICHUE CPEA:
- cpezia SBIACTCS AUINIEKTPUKOM, eciu & >> 604,0 (TOk cMelieHns npeBhIaeT TOK

MIPOBOIUMOCTH);
- cpezia SBIAeTCS MOIYyIPOBOJHUKOM, eciit & =~ 604,0 (Toku paBHbI);

- cpezia SBIACTCS IPOBOJHUK, ecn & << 604,0 (TOK IPOBOIMMOCTH IPEBHIIACT

TOK CMCIIICHUSA).

JIst ynpoIeHus: perieHuss MHOTHX MPaKTHYECKH BaXKHBIX 3a71a4 BBOJAST TOHS-
THE TUIOCKOHN BOJHBI. Ilnockoii 601HoIl HA3BIBAIOT BOJIHY, (DPOHT KOTOPOH HMeEET
OECKOHEUHYIO MPOTIKEHHOCTh, TPUUEM aMIUTUTYAbl U a3kl BEKTOPOB IOJIS BO BCEX
To4Kax (poHTa OJAMHAKOBHI. Bo.ima Ha3bIBA€TCS 0OHOPOOHOIl, €CIIA €€ aMIUINTY/a
MOCTOSTHHA BO BCEX Toukax (ha30BOTO PPOHTA, U HEOOHOPOOHOIUL, €CITV €€ aMILTUTYa
3aBUCUT OT KOOPJUHAT Touek (pazoBoro ¢hponTa. (Pazoevim ¢hpormom BOIHBI HA3bI-
BaeTCs TOBEPXHOCTh, MPOXOJISIIYIO Yepe3 TOUKHU C OJIMHAKOBBIMH (hazamu).

[Tnockux BONH B MPUPOJIE HE CYIIECTBYET, T.K. MOTpeOOBaCs Obl OECKOHEUHO
MPOTSHKEHHBIN UCTOYHUK. M3 MpoCThIX (DU3MYECKUX COOOpaKEHUM OYEBUIHO, UYTO
IJIOCKYIO BOJIHY MOXHO CO3/aTh TOJBKO B OTPAaHMYCHHOW 4YacTu MpocTpancTBa. Ogi-
HaKo Ha OOJIBIIIOM YJaJI€HUU OT UCTOYHUKA BOJTHA MOXET CUUTATHCS JIOKAJIBHO IJI0C-
KOM.

JIro0ast BoimHA xXapaKTepuU3yeTcsi TAKUMH BEJIMUMHAMH Kak (a3oBas CKOPOCTh,
JUTMHA BOJIHBI U HATIPABJICHUE PACIIPOCTPAHECHUSI.

dazoeasn ckopochmb PacCpOCTPAHECHUS TIJIOCKON BOJHBI, T.€. CKOPOCTh JBUKE-
HUs ¢pazoBoro GpoHTa, B OJTHOPOJHOU cpefie €3 OTeph ONpeeseTCss COOTHOIIIE-
HHUEM:

- o 1 —

Vo =1, =i, =V, . (2)
kﬂ VELM,

JlaHHast CKOpPOCTh, HAXOAMMAsl U3 yPaBHCHUS JBIKCHUS JIFOOOW TOYKM Ha (a30BOM
dbponTe, daza KOTOPOro HEM3MEHHA.

/Jlnuna eonmnwl, T.€. paccTossHUE MEXAy IByMs (a3oBBIMH (POHTAMH BOJIHBI,
Pa3INYAONUMHKCS HA 27T , OTIpenenseTcs: opMyIIoit:
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HazoBem neprieHaukyasip K GpoHTY BOJIHBI Zyuom. Ero HanpasieHue 0603Ha-

J— _

9HUM OPTOM iﬂ = iz , T.C. OHO COBIIaAacT C HAIIPABJIICHUCM q)aBOBOfI CKOpOCTHU V(b .

BBenem gonnosoi 6exkmop k :
k:lnk:ln(kﬁ_lka)a (4)
COBMAJIAIONINI C HANpaBJIEHUWEM JIyya W paBHBIM MO BedWyuHe Kod(DPuIueHTy pac-
MPOCTpaHEeHUs BOJIHBI B JJaHHOU cpeze. B cootHomenun (4) kﬂ - ko3 dunmeHt ¢a-
3bl; K, - KOO (HUIUEHT 3aTyXaHUs.

B nuanekrpudeckux cpenax 6e3 morepb i =1 u 6=0. C yueTom 3TOTO pere-

HHC BOJHOBOT'O YpPAaBHCHHA, OIIMCBIBAIOIICTO PACIIPOCTPAHCHUC IJIOCKOU AJICKTPO-
Mar{iMTHOM BOJIHBI B AUDJICKTPUKE oe3 MMOTCPb UMCCT BU:

H (z)=H (0)- exp[—ikz]. (5)

da BOJIHOBOC YHCJIO, BXOAAIICC B JAHHOC COOTHOIIICHUC, MOXCT OBITH MepermcaHo B

BUJIC:
k=o\e,u, =o\ecugp =kJeu =k\e,  (6)

rae k, =27 /A, BOIHOBOE YUCIIO B BaKyyMe.
CrieioBaTenbHO, B AMDIICKTPHKE 0€3 MOTEPh TMHA BOJIHBI U (pa3oBas CKOPOCTh

YMCHBHIAKOTCA B v & pa3 110 CpaBHCHHUIO C aHAJIOT'MYHBIMU IIapaME€TpaMu IJId BaKyy-
Ma.
CoorHoleHne MCKAY HNONCPCUYHBIMHU KOMIIOHCHTAMH Ex u Hy B IJIOCKOM

BOJIHE UMECT BU/
W\E, M, - :
E(z)=—"""H,(2)=u, /e, -H,(2). (7)
wE,
Bemuuuna qz,ua /Ea HUMCCT PAa3MCPHOCTL COIIPOTUBJICHHA W HA3BIBACTCA 60.1-

HO8bIM (Xapaxmepucmuieckum) conpomuenenuem cpedvt. OHO XapaKTepU3yeT OT-
HOIIICHUE OPTOTOHAJIBHBIX COCTABJISIOMIMX HAMPSIKEHHOCTEH JIEKTPUYECKOTO U Mar-
HUTHOTO MOJis. {15 uaeanbHOTO JUAJIEKTPUKA BOJHOBOE COMPOTHBIICHHE CPENIbl YH-
CTO BEILIECTBEHHO U OMPEEISIETCS COOTHOIICHUEM:

1, 1 1207

i I [Om]. (8)

W=z, =

BCHICCTBCHHBIﬁ XapaKkTep Zc O3Ha4acT, 4YTO BCKTOpa E u H umeror OUHAKOBYIO

¢dazy. Bekrop [loiftHTHHra, XapaKTepuU3yIONINil HapaBIeHUE PacIpPOCTPAHEHUS BOJI-
HbI U BEJIMYMHY IUIOTHOCTH IMOTOKA MOIIHOCTH, SIBJISIETCS BEIIECTBEHHBIM

5
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3nece E = - IEHCTBYIOIIEE 3HAUYCHHUE.

Takum oOpa3oM, UMEETCsl TOJBKO aKTUBHBIA MOTOK DPHEPTHHM B HANpPaBICHUU
ocu 0z. [I1OTHOCTH MOTOKA PHEPIHH HE 3aBUCUT OT KOOPJAMHAT U OT 4acTOThl. CKO-
pPOCTb pacpOCTpaHEHUs SHEPTUU paBHa (Ha30BOM CKOPOCTH.

2 Ili1ockme BOJIHBI B cpeax ¢ morepsamMu. Jlucnepcus 3JieKTPOMArHUTHBIX
BOJIH

Jlist peanbHBIX Cpell BO3IECUCTBHE 3JEKTPOMArHUTHOTO TOJISi BBI3bIBAET JiBa
BUja noreps B cpene. Illomepu nepeozo éuda o0yCIOBIEHBI HPOGOOUMOCbIO MATE-
puana. J/laHHble MOTEpH XapakKTEpHbI JJII METAUIOB W XOPOILIUX MPOBOJHHUKOB, a
TaK)Ke JUJIS JUAJIEKTPUKOB Ha HU3KUX YACTOTaxX M B CTAIlMOHAPHBIX mojsx. [lomepu
6mMopo20 euda TIPEACTABIAIOT COOOW noApuzayuonuvle (IUIECKTPUUECKUE WIN
MarHuTHbIE) TOTEpU, OOBSICHSIEMbIE TPEHUEM IMPU CMEIIEHUU 3apsKEHHBIX YacTHUIl
BEIIIECTBA B NEPEMEHHOM 3JIEKTPUYECKOM MOJI€ WIM B MarHUTHBIX MaTepuajiax Hpu
nepeMaraniurMBanuu. B pesynbrare HaOmrogaeTcs sBJICHUE JMHEHHOTO AUAJIEKTpUYE-
CKOTO (COOTBCTCTBCHHO MarHMTHOI0) TUCTEPE3UCa, OTCTaBaHMUE IO (a3e BEKTOPOB

AIEKTPUYECKOIO D (COOTBeTCTBeHHO MAarHUTHOI'O B) CMEILIEHHUSI OT BEKTOpa

HAaIPSKEHHOCTH DJIEKTPUYECKOTO E (MarHUTHOTO H ) mosia. OtcraBanuio no (asze
COOTBCTCTBYCT KOMIIJICKCHAA (I[I/IC-)JICKTPI/ILICCKEUI 501041 MaFHI/ITHaH) MMPpOHUIACMOCTD C
OTpI/ILIaTeJIBHOﬁ MHHMOM 4acThbIO B MaTCpUATIbHBIX YPABHCHUAX. I[aHHBIC IMpoHHUIac-
MOCTH, HAIIOMHUM, MOT'YT OBITh MMpCaACTaBJICHBI B BUIC!

N BN | B | s - O o | B s M

g, =¢ ,—ig",=¢',(1 ztg5 ), U, =p' —ip", =u',1-itgd™), (10)

"

, tgo™ ,u “—% - COOTBETCTBEHHO TAHT'CHC YTJIa JUDJICKTPH-
8 a ﬂ a
YECKMX W MarHUTHBIX MTOTEPB.
Paccmotpum Gosiee mopoOHO TTOTEpH, 00YCIOBICHHbBIE TIPOBOAUMOCTBIO Cpe-
16l B 3TOM ciIydae BOJHOBOE YHCIIO B JMIJIEKTPHUKE C TIOTEPSAMH OYIET KOMILIEKCHOM

BEJIMUUHOMU:

[IpencraBisst KOMIUIEKCHBIN K03 dunineHt pacnpoctpanenus (11) uepe3 koaduriu-
CHTBI 3aTyXaHHs U (a3bl, pelIeHue ypaBHeHus MakcBesuia NpuHAMAeT BH

H(z)=H (0)-exp[—az]exp[—isz]. (12)
HepBBIﬁ 3KCHOHCHHH2UIBHBH>1 COMHOXHUTCIIb OITMCBIBACT ITOI'JIOLICHHUC 3HepFI/II/I B Cpe-
A€ 3a CUCT SHCKTPI/ILICCKI/IX U MArduTHBIX HOTepB, T.C. SaTyxaHI/Ie BOJIHBI. BTOpOﬁ

AKCIIOHEHIIMAJIbHBI COMHOXKHUTEIb YKa3bIBAET HA BOJHOBOM XapakTep IOJisd, Ha €ro
JIBUYKEHUE.

B KOTOpBIX tgd’ =



J11s peanbHbIX AUIBJICKTPHUKOB, Y KOTOPBIX MAHUTHBLIC ITIOTCPHU OTCYTCTBYIOT, a
TAHTCHC yTIJIa JUIJICKTPUYCCKUX ITOTCPh XOTA U MaJl, HO UMCCT KOHCUYHYIO BCIINUUHY,
BBIPpAKCHUA JIA COCTABJIAIOIMHUX KOMIIUICKCHOTO KOB(i)(i)HHI/ICHTa pacipoCTpaHCHUA
MOT'yT OBITH 3aITMCAHbI B BHUAC:

k 10
kg =k=w\e,1,, ka:Etg5:E~/8aﬂa tgo . (13)
da3oBast CKOPOCTH B JUDJIEKTPUKE OPEIENACTC POPMYIIOI:
10 1 1 c

vy =A-f=2 = - S (14)
’ kg Neatta  eoston  eu

Koneunass BeauuuHa TaHIeHCA AUDBJICKTPHUYCCKUX IIOTCPb O6YCH3BJ'II/IB3€T

CABUI' (1)213 MCIKAY BCKTOpaMHU Eun H , 1, COOTBCTCTBCHHO KOMIIJICKCHBIN XapakTep
KaK BOJIHOBOT'O COIIPOTUBJICHUA

i
ez, =to | He o e 9, (15)
H g,(1-itgd) 2

a

Tak 1 Bexkropa [loiHTHHra
2

— F 0

I[T=i ——exp(—2az)exp|i— |. (16)
2|z 2

[TosiBieHME PEAKTUBHOW COCTABIAIOIEM OMNMCHIBAECT TEIUIOBBIE MOTEPU B CPEE.

CpCI[HSISI IUIOTHOCTD IMOTOKA S3HCPTUH, OITMChIBACMasA COOTHOIICHHUCM
2

— - — F o
I, =Re(]) =i, ——exp(—2az)cos| — |, 18
cp ID =1, 2z, p(—2az) 5 (18)
OKCIIOHCHIOHUAJIBHO Y6BIBaCT BJOJIb OCHU OZ CO CKOPOCTBIO
-~ Re(I1
, = Re@) (19)
w

cp
Te W, - CPeAHssl 00bEeMHas! ILIOTHOCT SHEPTHH. MOYIb BOJIHOBOTO CONPOTHBIIC-

HUA ‘Z c‘ OIINCBIBACTCA BBIPAKCHUCM

z,|= [Fa = M:WOJE (20)
g, £oE &

W3 13510)K€HHOr0 BBILIE CIIEAYET, YTO CBOMCTBA IJIOCKOM BOJIHBI, paclpocTpa-
HSIOILEHCS B CpeJie C MPOBOJUMOCTBIO U 0€3 MoTeph, pa3nuyHbl. OCHOBHOE OTJIMYKE
COCTOUT B TOM, UTO B cpejie Oe3 moTeph mapaMeTphl IJI0OCKON BOJHBI OJMHAKOBBI MPH
JOOBIX YacTOTax, a B Cpejie C KOHEYHOM MPOBOJUMOCTHIO OHU 3aBUCAT OT YaCTOTHI.
3aBUCUMOCTb CBOMCTB BOJHBI OT YaCTOThI HA3bIBAETCSl Oucnepcueil, a COOTBETCTBY-
IOIIUE CPedbl — OUCHEPZUPYIOULUMU.

JL1si XOpOIIMX POBOAHUKOB €, =&, —i0/® = —i0 / ® ¥ MarHUTHBIC TOTE-

pu OTCYTCTBYIOT, T.e. U, = M,. Kosbduumenr pacmpoctpaHeHuss BOIHBI OyzneT
OTNPEENATHCS COOTHOILIEHUEM



(21)

BBCIICM BCIIMYNHY

dy = . (22)
H, @O
U Ha30BEM €€ MOAUUHON CKUH-C105 (TTyOUHON TOBEPXHOCTHOIO MPOHUKHOBEHMS,
TOJILIUHOM MOBEPXHOCTHOTO CJIOS).
KoaddunmeHT pacrpocTpaHeHUs U €r0 COCTaBIISIIONINE, a TaKKEe BBIPAXKECHUE
11t ha30BOM CKOPOCTH € yueToM (hopMyibl (22) MOTYT OBITh 3aITMCaHbI B BUJIC

~ 141 1 1
k=—, k,=—, ky=—, v, =wd,. 23
a B a b 0 (23)

C yuetom

3 Oco0eHHOCTH NPOBEACHUS BHIYUCICHUN B CpeJax ¢ NoTepsiMu

AHanu3 NPUBEICHHBIX COOTHOIIEHUH C TOYKW 3PEHUS OPTaHW3aIliy BBIYHUCITHU-
TEJIBHOTO TIPOIlECCa IIOKA3bIBACT, YTO HAWOOJBIIYIO CIIOKHOCTh MPEACTABISCT
HaxO0XKJICHUE 0e3 HCIIOIb30BaHUs BBIYMCIMTCIBHON TEXHUKH KOMILJICKCHOIO BOJIHO-
BOT'O YHCJIa B cpelax C MOTEPSMH, OIMMCHIBAEMOTO B 3aBUCHUMOCTH OT MCXOJIHBIX JaH-
HBIX 100 cooTHomeHueM (11), mudo

k = o\JEu = o Jeu1-itgs” . (24)

I[JISI BBIJCJICHUA MHHUMOH COCTaBHHIOH_Ieﬁ HCIIOJIB3YCTCA U3BECTHBIN IMpucMm
Pa3JIoKEHUS BBIPAKEHHS +/1 —itgd’ B psij 10 MajoMy apryMeHty tgd’. DToT nmpuem
CTAaHOBUTCA BO3MOKHBIM, IMOCKOJIBKY B PAAHMOTCXHHUKC NPUMCHAIOTCA MaTCpUAJIbl C
MaibiMU (tgd’ <<1) 3HaYEHHUSAMHU TaHTEHCA yrjia JUIJICKTPUUYECKUX MOTeph. B pe-

3yJbTAaTC IIOJIYYaCM BBIPAKCHHUEC, B KOTOPOM JICTKO BBIACIIAIOT ﬂeﬁCTBHTeHBHaH u
MHHMas COCTAaBJIAIOIIUC:

9 2 ¢o
k = wifeu 1—itg25 +tg85 . (25)

EH_IC OI[HOﬁ MaTeMaTHUYE€CKON CI0KHOCTBIO SIBISICTCS HaXOXKICHUC XAPAKTCPHU-
CTHYCCKOI'O COIIPOTUBIICHUA I CPCO C IMOTCPAMHU, OIIPCACIIACMOTO COOTHOIICHHUCM !

L

€€ J1—itgd’
Ananuz BBIPAKCHHA (26) IIOKAa3bIBACT, YTO CJIIOKHOCTDL BBIZOBCT BBLIYMCIICHHUC

BTOPOI'O COMHOXHUTCIII BCJICACTBUC HAXOXKIACHUA B 3HAMCHATCIIC BBIPAXKCHUA

AJ1—itgd” .

XapaKTepUCTUUECKOE COMPOTUBIICHUE CPEJIbI ONPENEIATCS C MCIONIb30BaHUEM (op-
MYJIBL:

(26)



g53

W= |- ).

oM
exp(i
& 1 —ltg53 Jzi/u(tgé )2

Onucanue nopsaaxka padoTsl

C y4yeroM nprBEICHHBIX TEOPETUUECKUX TTOJIOKEHHIA
- uist si3pikoBOM cpenie MathCad 15 pazpaborars mporpaMmy BBIMUCIIEHHS 3312494 C

YCIIOBUCM:

. 9
[Tnockast »nmeKTpoMarHuTHas BoiHa ¢ uacrorod f =107 T pacmpo-

-1
cTpaHserca B cpene ¢ mapamerpamu & = 2.4, tg6’ =107, u=1. Onpene-
JTUTh (Ha30BYI0 CKOPOCTh, JJIMHY BOJHBI, KOOP(GULIHUEHT OciabieHnus U Xapak-
TEPUCTHYECKOE COIPOTHBIICHUE CPE/IbL.

- OLEHUTh KOPPEKTHOCTh pa3paboTaHHON MporpaMMmbl MyTeM €€ perieHus 0e3

HCIIOJIB30BAHHUA CPCACTB BBIYMCIUTEIbHON TCXHHUKH,

KH.

1)

2)
3)
4)
S)

6)
7)
8)
9)

- COCTaBUTDb 6JIOK-CXCMy peuICHUsA 3a4a49u.

Conep:xxanue oTuera

1. HazBanue pa®oThl, 11€J1b UCCIIETOBAHUM.

2. brok-cxema pa3paboTaHHON IPOrPaMMBI.

3. TekcT nmporpaMmsl.

4. Penienuie, mojaydyeHHOE 0€3 UCIOIb30BAHMSI CPEJICTB BHIUYMCIUTEIBHONW TEXHU-

KoHnTpoJibHBIE BONIPOCHI

Kak xnmaccudumupyroTcsi cpefibl 0 COOTHOIIEHUIO OMHYECKUX W JTUDJIEKTpUYE-
CKHX MOTEPH?

Kakas BosiHa Ha3bIBa€TCS TIIOCKOW?

Kakumu xapakTeprucTUKamMu ONMUCHIBAIOTCS BOJHBI?

Kaxk u3mensiercst pazoBasi CKOpOCTb U JIJTMHA BOJHBI B UEATLHOM JUAJICKTPUKE?
UeM OTIMYAIOTCA XapaKTEPUCTUKHU AJIEKTPOMArHUTHOM BOJIHBI B CpPEE C MOTEps-
Mu?

Uto Takoe CKUH-CIIOM?

Yem 00yCIIOBIECHBI OMHUYECKHE MTOTEPU B TUDIIEKTPUKE?

Kak BbrumcisieTcsi TaHr€HC yrila IUAJIEKTPUUECKUX MMOTEPh?

Kak 3aBucaT cBoiicTBa IJIOCKON BOJIHBI OT YacTOTHI B cpeaax 0e3 MoTeph U C IMo-
TepAMU?



10) CxkoJibko cocTaBisironux umeet Bektop [loliHTHHTa B peanbHO cpene (cpene
¢ notepsiMmu)? Uem 00yCIIOBJICHO MOSIBICHUE PEAKTUBHOM COCTABJISIOIICH BEKTOPa
ITotinTHHTra?
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