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TIPEJTUCJTOBUE

Hacrosimiee ydaeOHOe TiocoOre mpecTaRisieT coO0k TPETHIO YacTh Teope-
TUUYECKOIO Kypca JUCIMILUIMHBI ““IJIEKTPOMHAMIKA M PACHPOCTPAHEHHUE PaTo-
BomH” 7yt cnermaribHocTer 200700 - Pamporextrka, 071500 — Pampodwmsrika n
tekTpoHrka, 201600 - PaiuosneKTpoHHbIe CUCTeMbI U Oa3UpyeTcsi Ha Marte-
puasie, UI0KEHHOM B TMEPBOM M BTOPOM yacTsix mocoOust ““OCHOBBI TeOpUM
ANIEKTPOMArHUTHOTO TIOJST M ‘I paHUUHbIE 33124k ANIEKTPOIMHAMUKK (V3IAHKE
MIPOA, 1999 n 2001 r.r.)

B y4eOHOM mocoOun paccMOTPEHBI pas/ielibl padouei mporpammbl “Jlu-
bpakimst 1 pedpaxiwst MEKTPOMArHUTHBIX BOMH ™ 1 “‘PamuoBoHbL B TipUpoI-
HBIX YCIIOBUSIX .

[lpy HamvcaHuM y4deOHOTo MocoOMs ObUTM KCIIOB30BAHBI MATEepHAIhI
JISKLIVI, TIPOYUTAHHBIX aBTOpaMU Ha (haKyibTeTe PaMoTEXHUYECKUX CHCTEM M
BeuepHeM Pamuotexnmdeckom  dakynsrere MUPOA, a Takke HEeKOTOphIX UC-
TOYHHMKOB, OTPKEHHBIX B OHOIMOrpathTuecKoM CIIHICKE.
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YACTD 3. PacnipocrpaHeHue paavoBoJH

I'nmaga 7. ludpaxkuus u peppakims NIEKTPOMATHUTHBLIX BOJIH

7.1. Conep:xanue, IOCTAHOBKA M METO/IbI PelleHUs 32124
appakumu

3amaua BO30YKACHUS JIEKTPOMArHUTHBIX BOJIH CTOPOHHMMH HCTOYHH-
KaMHd B CBOOOJTHOM MPOCTPaHCTBE ObLIa PacCMOTPEHA B IEPBOM YacTH Kypca
[1]. Ecm B mpocTpaHCTBE HAXOMSTCS KAKUE-TMOO MaTepUabHbIC OOBCKTHI,
TO TIPOLIECC PACTIPOCTPAHEHHUS IEKTPOMATHUTHBIX BOJIH CYILIECTBEHHO OTIIH-
YaeTcsl OT PAcCCMOTPEHHOTO PaHee, W BO3ZHMKACT 3a3/1a4a O BO30YIKICHUH ITHX
OOBEKTOB, T.€. 33/1a4a OTHICKAHHsI BTOPUYHBIX TOJIEH Kak BHE, TAK M BHYTPU O0b-
€KTOB — TIOJICH T(PpaKITim.

PaccMoTprM OCHOBHBIE TTOHSITHSI M ONPEIICIICHHSL, CBSI3AHHBIC C SIBIICHISI-
MU JA(DPAKIIH, a TAKKE HEKOTOPBIE METO/IbI PEITICHHUS AU(PPAKITMOHHBIX 33/1a4.

7.1.1. Ions muppakiym

[Ipu BO3OYXIIEHNM KaKOro-M0O MATEpUATbHOIO OOBEKTa ( a — JAJIEK-
TPUUECKOE TeJI0, O — MPOBOJISIIIEE TEJIO, B — OTBEPCTUE B MPOBOJISIIIEM SKpaHEe,

. o . . E0 50
puc. 7.1.) HEKOTOPO# TATAOIIEH HA HErO BOJIHOM, moyist kotopoii (E~,H ™) mo-
JIarar0TCsl I3BECTHBIMU, BO3HUKAIOT MOJIS TU(PPAKIIIHL

E° HO /E JH—
omp omp

Puc.7.1. ludpaximst Ha pazmIHbIX O0BEKTaX
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Tone BHyTpH mudnekTpudeckoro Tena (E°, H™) Hasbsaetcs BHyTpeH-
HUM TI0JIeM Jirpakiyy. BHe 00bEKTOB HOSIBIISICTCS BHEIHEE TI0JIE TU(DPAKII
(E~, H"), kotopoe B ciydasix « a» i « 0 » MOXHO Ha3BaTh OTPaKCHHBIMY, a B

CITydae « B » BHEILHEE MoJie UPPAKIK CKIAIBIBAETCA 13 oTpavkeHHOro ( E,,, ,
H_,., ) (Hax sxpasom) i npomeero (E,, , H,,, ) (ox sxparom) roreii. B 06-
IIEM CJTy4ae BHEIIIHEE T0Jie AM(PPAKIIMN HA3bIBACTCS MOJIEM PACCESHUSL.
3ameTrM, YTO K Kiaccy TU(paKIMOHHBIX 3a/1ad MOYKHO OTHECTH U 33/1ady
0 BO30YKJICHHUH TIJIOCKOM TPaHMIIbI paszielia IBYX Cpel, MOAPOOHO PACCMOTPEH-
HYFO BO BTOPOH 9aCTH rocoous [2].
JI1s1 HaxoKIeHVsI BHEIITHETO ¥ BHYTPEHHETO TOJiel U(PAKIKA HE0O0XO-

JMO PEILMTH COOTBETCTBYIOLIYIO IPAHMYHYIO 33]1a4y, T.€. HAUTH pELICHHE OJI-
HOPOJJHOM CHCTEMBI YPABHEHHH MEKTPOIMHAMUKH | 1 |, KOTOpOE yIOBIETBOPSIET

TPaHAYHBIM YCIIOBHSIM
Ha [IOBEPXHOCTH NICKTPHIECKOr0 O0bEKTa
[ v (E°+E) ]=|".E"], (7.1)

v, (A A7) =", A7)

Ha TTOBEPXHOCTH HJICATTHHO TIPOBOISITIETO 00BEKTA

[ (E°+E) ]=0;[ v,(H +H ) ]=7 . (7.2)
Kpome Toro BHellHee rosie ipaKiig JOIDKHO YIOBICTBOPATH YCIIOBUFO

M3ITY4eHHs Ha OeCKOHEYHOCTH [ 1].

7.1.2 Mertoapl perieHus 3a1a4 Tuppaxuuu

[lpu pemenyy 3amay AMQPpPakiy B OOJBIIMHCTBE CITyYacB MOIYYUTh
CTPOTO€ pEIICHHE, T.€. MPEICTABUTH B SIBHOM BUJie (hOpMyTiaMH, B KOTOPbIE BXO-
JSIT WCXOMHBIC JAHHbIC 3a7aud, HE yraerca. JIMib B HEKOTOpBIX CITydasix
(HanprMep, mUudpakims Ha 1mape, OeCKOHEYHOM IIIIMHIIPE ), MOYKHO TOJTYYUTh
CTPOroe pellieHre 3a/1auu U TIOJIS TIPEJICTABUThH PsiZiaMU, B KOTOPBIX KOA((uIm-
€HTBI Pa3JIoKEHUS OMPEIENSFOTCS HETIOCPEACTBEHHO M3 TPAHMYHBIX YCIIOBUI HA
TIOBEPXHOCTH OOBEKTA.

I TpakTryeckr MHTEPECHBIE TSl BRICOKOYACTOTHOM PAIMOTEXHUKH, B TOM
qucie Uil PayoNiOKalY, AW(PAKIMOHHBIE 3a/ladd CBS3aHBI C OOBEKTaMU
CJIO’KHOU TeOMETpUUECKOr (DOpMBL.
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JIs pertieHns Takux 3a71a4  CYIIECTBYFOT U Pa3BUBAIOTCS YHUBEPCATIHHBIC
MPUOITVPKEHHBIE YHCTIEHHBIE METO/IBI C UCTIONB30BAHMEM MHTETPATHHBIX YPaBHE-
HMI 37IeKTPOIMHAMUKH M IPOSKIMOHHBIX METONOB .bromiorpadus 1o 3tim
BOMpPOCaM YacTUYHO TipuBeAeHa B [3]. Ha Gase sTux MeTo/moB BO3MOXKHO TIO-
CTPOEHHE AJITOPUTMOB U TIPOTPaMM Il PEIICHHST CIIOKHBIX  TU(DPaKIMOHHBIX
3a/1a4 ¢ TIoMoI116k0 OBM (B TOM YHCIIE TEPCOHATHHBIX KOMITHIOTEPOB).

[lpy OThICKaHMM TIPUOMKEHHOTO PEIeHHsT AU(PPAKIIMOHHON 3a/1auu
OOBIYHO HCTIONB3YETCsl HEKOTOpPBI MaIbli TapaMeTp, B Ka4ecTBE KOTOPOro
MOKHO B3SITh OTHOIIICHHE XapaKTEPHOro pasmepa 0ObeKTa a (HampuMmep, €ro

JUIAHBI FITH [IEPHMETPA) K UTHHE BOIHBI A (Wi 0OpaTHOM BermunHb! A/a ).
[ Ipu 3TOM pazmyaroT Tpy 00JIACTH PEILICHHS :
1. KBazucratpionapHasi 00iacTh (JJIMHHOBOIHOBOE TprOrnkenue). [pu

9TOM Manblii mapaverp 3agaun a/A<< 1 (1 — 00) u BOJTHOBOE YHCIIO

27
K= 7 — 0. BonmHoBoe ypaBHeHue [ enbMronbiia peodpazyercst B ypaBHEHHE

Jlannaca, OMMCHIBAIOLIEE CTATHYECKHE (CTALIMOHAPHBIE ) TOJISL.

2. Pe3onancHas obmacts (mapamerp &/A~1) mamGonee crnoxHa
U1 ucclieioBaHus. [ pemeHus UCHOIb3YIOTCSI CTPOTUE METObI
(MeTon cOOCTBEHHBIX (PYHKIINI, METOJ] MHTETPAJIbHBIX YPABHCHUH ).

3. KBazuonrtuueckass 00yacTh (KOPOTKOBOJHOBOE MPUOIHAKE-

rue). ITpy 3ToM Manklif mapamerp 3agaun 4/a<<1 (1 — 0).

UYem MeHBbIIE A/@ |, TeM Golee TOYHBIE PE3yIbTAaTHl B TOH 00-

JACTU JTaeT TreoMeTpuyeckas ontuka. OgHako, mpu 3TOM (PpOHT BOJI-
HBI U TIOBEPXHOCTh O0BEKTA JOJKHBI OBITh IOKAIBHO MJIIOCKHMU.
KBazuontuueckrue METOAbl PELICHUS MOAPAa3NENIlOTCs Ha JBE
IPYIIIHI
1. Acumnrorudeckue MeToabl. OHU OCHOBAHBI Ha HUCCIEI0BaA-
HUUW TOYHBIX pelieHuil npu crpemsieann A — 0.
2. OBpucTHYeCKUe (MHTYUTHUBHBIE) METOABLI C IPUBJICUCHUEM
HEKOTOPbIX (u3nueckux uaen. Cro/1a OTHOCSTCS :
A)  JlydeBble METOABI — TE€OMETPUYECKAasi ONTHUKA U €€
YTOYHECHUS.
b) BoHoBbIE MeTOIbI — (hr3UYECcKask ONTUKA (TPUOTUKEHHE



Kupxroda) u ee yrouHeHus.
PaccmotprM nprMeHeHre HEKOTOPBIX METOJIOB PEIlICHHST K KOHKPETHBIM
3a/1a4aM TA(PaKIHH.

7.2. Indpaxmus ITOB Ha npmHape (CTPOrui MeTo/l pereHust)

B obmem ciydae npu nanernu [TOB (E°, H °) Ha mpumHmpiteckmii 00b-
exT Bo3HuKaroT BHemnHee (E~, H ) uBHyTpennee (E*, H ) moms mudpakim,
IIPUYEM Ha BCEH TIOBEPXHOCTH OOBEKTA, BKITFOUAs TOPLIBI (€CIN LIIMH/IP KOHEY-
HBII), JIOJDKHBI BBITIONHATCS TpaHuuHbie yenoBws (7.1), (7.2). Hanbonee npocto
3TH TPaHWYHBIC YCIIOBUS 3aITHCATh TSl 0OOBEKTa B BUJIE OGCKOHEYHOTO OJTHOPOJI-

HOI'0 KpyroBoro niuinHApa € rapamMeTpammn & a2 Hyo , HAXOICTOCA B CPEIIC C

napamerpamu €,1, Ha1 , TOBEPXHOCTH KOTOPOIO COBMAIACT B HMIHHIPIUYECKON

CHUCTeMe KoopmwHar I, «, Z C KOOpIMHATHOW TMoBepxHOCTHO [ =a
(puc.7.2.)

Ea HMa

Puc. 7.2 Jludpaxiws I[TOB Ha ipmmmHpe
Komrekchpie ammmty sl 1mosst 1 IOB, nonsipruzoBaHHOM BIOIB OCH LU-
JIMHIIpA Z W JIBDKYILICKCS BJIOJIb KOOPIUHATHI X ,TIPEACTARIIFOTCS B BUJIC:

. X E -
Em =7 Eoe " X Hm y W]_ € ) (73)
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re Wi =41/ Ex - Bomosoe CONPOTHBIIEHHE TpocTpaHcTsa | .
JI71s1 yJIOBIIETBOPEHUS TPAHUYHBIM YCIIOBUSIM HA TIOBEPXHOCTU LIMJIMHIPA
BHEIIIHUE 1 BHYTPEHHHE OIS TU(PPaKIK JOTDKHBI ObITH OTHOPOTHBIMU T10 OCH
Z . OmHOPOIHBIE BOJIHOBBIE YpaBHEHMS [ eIbMIrosibLa JUTsi COCTABISIFOLLIMX E -

3TUX NOJIEW B IVIMHIPUYECKOK CUCTEME KOOPIMHAT UMEET BU] :
OEp 106 1 OB,
o r or r* oa’

. 1, r>a

rne vHgeke J = {2, r<a -

+ ki—zEﬁ]Z =0 ’ (7.4)

Tlomst mudppaxim epromass! 10 koopmusare o (0+27) | mostomy
o ina
MX MOYKHO TIPEJICTABUTH B BHJE psnioB Dyphe 10 cucTeMe QyHKImiA €

. N=o00
E,=2°> a,R (r)e™

2 (75)
E, = ‘Onzz_ b,R™(r)e"™ (76)

TJIe R* (r) - HEW3BECTHbIC (DYHKIIMU paCTIpE/ICIICHHsI TIONe 0 KOoop-
muHare I
a,,0, - nemssectrbIe aAMIUTATY/THBIE KOA(DDUIEHTHI ,
n=0,£1,%2,...
Ioacrarmsia (7.5), (7.6) B (74), momydaeM ypaBHeHHE beccernst oTHO-
curernsHo (ysxpm R (1) :

d’R* 1dR+ , n® .
dr2 +F dl’ +( kJ 2 )R :O 07)

Ero pertienreM seisroTes ImHaprdeckie GyHkimn 1 -oro ropsika :

JIn (kjr) ~ymxums Beceens; Ny (kjr) - bynkiwst Hefimana.
JlunHeiHple KOMOMHAITMN TUX (PYHKIMM TakoKe MPEICTARISIOT PEIICHHS
ypasHenus1 beccens :



-9-

dyramn Xameent 1o poma-  Hy (k1) =3, (kjr)+iNg (kjr),  (78)

n
dyramn Xameenn 210 poma - Hy (ki) =3, (kjr)=iNg (ki) (79)
BHytpennee none qupakiiyy JOBKHO ObITh KOHEUHBIM, TTO3TOMY B €10
npezicraiennn (7.6) B kadectBe R (') Hy)KHO HCTIONB30BATh KOHEUHbIE B Ha-
yare koopmuHar QyHkipn beceens J, (K,r) |
Buermmee mone mudpaxipm (7.5) HeoOXOAMMO TPEICTABIITH Yepe3
dbyHkmo XaHkenns 2-To poja Héz) (k,r), xotopast Ip I — o0 OIMCHIBACT

PACXOAIIYIOCS BOJIHY, Y/IOBICTBOPSIFOLIYFO YCIIOBHIO M3ITYUCHHS Ha OCCKOHEY-
HoctH [3].

—ik;x —ikircosa

Okcrionenty € =€ , BXOJISILYO B BeIpakerus (7.3) s
nons najaroreit [10B, Taroke MOXXHO mpencTaBUTh B BUIIE psifia Dyphe 1o Cu-

ina

creme yrkipii €
e—lkll’COS(Z _ Z (_i)n Jn(klr)elna’

N=—co

(=i)"J, (k1) -1 f g larcosaginag
2r 7

(7.10)

YIS - KOO PUIEHTBI

paznoxkennss Dypee.
ITpu 31oM mone mianaronieit [IOB 3armuckiBaeTcs B hopMe , aHAIOIMY-
Hoit (7.5),(7.6):

. N=0o0
E,=27"E, Z (=)" I (k,r)e™ , (7.12)
N=—o00
Y €10 MOYKHO TPAaKTOBATh KaK OECKOHEUHYIO CyMMY TaK Ha3bIBAEMbIX LIVIIAH/I-
PUYECKMX TapMOHHWK, KaXKTas W3 KOTOPBIX YJIOBIIETBOPSIET OIHOPOTHOMY
BOJIHOBOMY YPaBHEHUIO | €JIbMIosiblia.
HewmsectHpie aMImmTyHble KOX(DGMHUIMEHThl TapMOHMK BHEIIHETO U
BHYTPEHHEro Toneil qudpaxiym d, u D, onpenensorcs 13 rpaHUYHbIX Yeyo-
Buii (7.1), KOTOpBIE [T AIEKTPUYECKOTO IO MOYKHO 3aIiCaTh B BUJIE :

E.rcr)lz + Er;z — Er;z 1054 r=a, (7-12)
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OTKYIa [OJTyYaEM :
(<) EJd, (ka)+a,HP(ka)=b J, (,a) @13

U3 Broporo ypasHenust Makceemia 1Ol E, =—iou iHn
B LIJIMH/IPUYSCKOM CHCTEME KOOPIMHAT HAXOIUM :
i OE_
ma ~ T\ , (7.14)
W, o(k;r)

rJIe Wj = \/ Hyj / €4j - BOJIHOBOE COIPOTUBIICHUE CPEIBL..
['panr4HOE YCIIOBYE [UIS1 MATHUTHOTO TIOJISI MOYKHO 3aITUCATh B BUJIE

Hp, +Hp, =Ho, mpn r=a, (7.15)
OTKy/1a ¢ yueToM (7.14) romydaem :
(—i)" EOJZ (k,a)+ anHrEZ)/ (k,a) . an;i (k,a)
W - W, : (7.16)

I7Ie IITPUX O3HAYACT MPOM3BOIHYO TI0 TIOITHOMY apryMEHTY.
Pertias coBmectHo (7.13) 1 (7.16), HaxomM :

(_i)” E WlJn(kla)Jrll(kZa) _WzJé(kla)Jn(kza)

a =
° _W,H® (ka)d! (k,a) +W,H? (ka)d (k) (17)

n

A\ B _Wz[HrEZ) (kla)‘]rll (kla) — Hr(12)/ (kla)‘]n (kla)]
b, =(-1)" E, R B) ] @)1 : (7.18)
W H ™ (ka)Jd, (k,a) +W,H > (ka)Jd, (k,a)

[oncrarmsia (7.17), (7.18) B (7.5), (7.6), HaxOmUM BBIPOKEHHS JIS AJICK-
TPUUECKHX TIOJIeH JU(paKIM, a C TIOMOILBIO BTOPOTO ypaBHEHHsT MakcBemia
HAXOMM MarHUTHBIE TIONs  Tupakiyn. TakiM 00pa3oM, CTPOToe pelieHHe To-
CTaBJICHHOW 331a4H TOJTYYEHO.

B wactHom cnydae udpakipm [IOB Ha wneanbHO MpOBOASILIEM
e (o = ), wist koroporo W, = 0 , 13 (7.18) cnenyer,uto b, =0,
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T.€. BHyTpPEHHEE ToJie TU(paKIMi OTCYTCTBYET (JIEKTPOMArHUTHOE TIOJIE B HJIe-
ATbHBII TPOBOTHYK HE IPOHUKAET).
N3 (7.17) B 3TOM Cily4ae MoTydaeM :

-\N Jn(kla)
a,=—(-1) E, W’ (7.19)

IIPpH 3TOM CYMMAapPHOE II0JIC BHEC HWIMHAPA HA KOHCYHOM PACCTOSIHMUA I' OIpe-
JCIBICTCA BBIPOKCHUCM.

E =B 4B =2°E, S ()" (k) 1 (K,2)

(2) ina
2 ROk RO a T N,

(7.20)

CymMMapHOE€ MarHMTHOE TIOJIe OMPEESIETCsl ¢ TIOMOIIBIO0 BTOPOTO ypa —
BHeHMsT MakcBermia . OTMeTiM, 9T0 TIpH  MPAKTUYECKHX pacdeTax MoN 10
dopmynie (7.20) st momydenuss TodHocTd  ~ 1 % HeoOXoMMO yuMThIBaTH

( 2 kla) YJIEHOB PSJIA.

7.2.1. TloJse 2JIeMEHTAPHOI 0 IEKTPUYECKOI0 MTyYaTeJisi,
PACIIOJIO YKEHHOT0 BOJIM3H IMJIMHIPA

B o0rmiem ciydae pertieHre 3aiauy Ype3BbldaiiHo rpoMo3ako. loaromy
PacCMOTPYM YaCTHBIA CITy4ai , KOrjla AJIEMEHTAPHBIN AJIEKTPAYCCKUN H3ITy4da-
tens (ODU) ¢ momentom Py" = 1"l pacrionoxen Bomsu uneansHo mposo-
JISITIEro WIMHApa B T. Q  MapayuielbHO €ro OcH, U TpeOyeTCsl HaliTy Tojie Ha

OOJIBITIOM pacCTOSIHUKM I OT IHzpa (B fastbHei 30He DOW) BT. P (puc.7.3.).
Pemenue 31om 3a1aun MOXKHO TOJTyYUTh aBTOMATHYECKH, BOCTIOJIE30BAB-
IIACh PE3yJIbTATAMH, MPUBEICHHBIMU BBIIE B PA3Cie 7.2, U IPUHIAIIOM B3a-
uMHOCTH [ 1].
JIeWCTBUTENTBHO, MOYKHO ToJIararb, 4rto ucrodHukoM 110B ¢ cocrasisiro-

v o (7.3) sisistercst 99U ¢ momentoM Py” = 1"l | pacnionoskenHsIit Ha
OYEHb OOJILIIOM paccTosHUK I oT ocu mHpa (puc. 74.)BT. Q.



i | i
| X
Dy
P = 2°1 |
E*(r,a)=" Jzoo‘r/*g

o g 0 Q X

ry
~
h
y

- i C)%(

yem =50 cem
P =201 r,a)

[IOB . |o=o (e

> | O - X
o' )
!
< 7 R .
) T ~——
2a

Puc. 74 Judpaxiws [TOB Ha ipmmHpe

TTpy 5TOM KOMILIEKCHBINA aMIUIMTYIHbIA MHOKHTENL Ey cooTBeTCTBYET

KOMIUICKCHON ammumryze mionst IO B nanbheit 3ome mpu € =90° [1]:

. . /
];mkol e ikgr

E, =i pye W, o (7.20)

a Tose EE (r,a) B 1.P’ onpenersiercs: BoipakerneM (7.20).



-13-

Ha ocHOBaHMM npHHIIMITA B3aMMHOCTY TIoJiE B T. P crcremsl “O0U- mp-
maHap” (puc. 7.3.) onpenensiercs BblpaxkeHusiMu (7.21), (7.20) npu 3ameHe

r <> v’ . B Hrore nomydaeM :
o o Ikl e
E>(r,a)=z"%—"—"2W, X
m\" 0
4 r

x < _n\n A Jn(koa)
n;o( 0" J,(kyr) —H,ﬁz)(koa)

Ha ocHoBaHMM MeTo/1a 3epKaTbHbIX M300pKeHH U 13 GopMyiis (7.22)

. 1.22
H,(IZ) (kol"’) ema‘ ( )

crenyer, uro ecim IOU moNouTs Ha moBepxHocTs mHapa (' =2a), 1o
OH HM3Ty4aTh He OyJIeT : Ii%(r,a) =0
7.3. Meton ¢mzndeckoii onmuky (mpuoymmkenne Kupxrodga)
Meron UCTIONB3YETCS MPH PEIICHAN 33,184 TA(paKIMy Ha MPOBOIAIX

OOBEKTaX OrPaHUUEHHOTO 00BheMa (UM TIOTIEPEYHOrO CeUEHMs), a TAkoKe Ha OT-
BEPCTUSIX B IMPOBOJIAIIMX dKpaHax (puc. 7.5)

\ ~
S! \/‘VO
\/ B - \/
C O )
._,—"\'// =0 ‘|Sﬂ ":——;—\—_’*
Q ~~~~ 1--- 11 Q "‘I'\\
_______ , \
rl\ — 0
®poHT Sty ®poHT
|
BOJIHBI BOJIHBI

Puc. 7.5 J{udpaxims Ha mpoBOASIIMX 00BEKTax
(mpuommxenne Kupxroda)

TMosepxuocts S = S’ + S 1100 OKPY’>KAET UCTOUHKK, JMOO “‘CBEPXY”
“CHIBY” OT 00BEKTa YXOIUT Ha oo . [IprTOM, B COOTBETCTBHU C METOIOM
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TeOMETPUYECKOM OITUKY, S’ sBisiercs “ocBereHHoi”, a S - “reHeBoir’” yacTs-
MM [TOBEPXHOCTH 3 .

DMB3AYECKAN CMBICT METOA COCTOMT B TIPETIOJIOAKEHUH, YTO UCTOYHH-
KaMH TI0J1s BHE (CIIpaBa) TIOBEPXHOCTH S SIBJISFOTCS SKBUBAJICHTHBIE MCTOYHHKH,
PACIIOJIOKEHHBIE Ha OCBEILEHHOM YacT S’ M aJieKBaTHble HEUCKOKEHHOMY
(kaK B CBOOOHOM TIPOCTPAHCTBE) MEPBUUHOMY TIOJIO TIA/IAFOIICH BOJHBI, a Ha
TeHeBOU YacTy S " OHM paBHBI HYJIIO.

Takum 00pazom,
o |E na S = |HY na 8
E> = . H> = - (7.29)
0O Ha S 0 Ha S

U, B COOTBETCTBUH C TIPHUHIIMITOM SKBUBAICHTHOCTH [ 1],

— 9KB.3 = 5K6.M

7ol = H g s o =-TP° Enl| (7.24)
ﬁ;lke.a o= ﬁrenke.M‘S”: 0 (725)

Jaree permatrores “eKTprdecKas’” 1 “‘MarHuTHas 3a71auu BO30Y KICHUS
UCTOYHMKaMU (7.24), 1 KICKOMOE TI0JI€ OMPEISIISITCS] COOTHOILICHHSIMH

E =E’+E;H =H’+H"
Crienyer oTMeTHTb, 4TO MprOmbkenre Kupxrogha mmpoKo UCTonb3yercs
B TEOPUH QHTEHH, M3ITyYAIOIIMX U3 PACKPbIBa (PYIIOPHBIE, 3¢PKATHHBIC).

731, JIndpaxuus [IOB Ha oTBepcTHH B 3KpPaHe

Paccmotprm HopmasHoe niazienve [1OB w3 onmympoctpasctsa z < 0 Ha
TPOBOALIIA SKpaH S ¢ OTBEPCTHEM MPOM3BOMBHOM (hopMbI S (prc.7.6.).

I lamarormag [ OB nmeet coctaBiisronyie :

: - E,
=0 gop _ikyz Ho _ -0 _Oe—lkoz
E,=XEe™ H.,=y o . (7.26)

0
OrpaHn4rBasich UCCIIEIOBAHMEM BHEITHETO TOJIS (DpaKIMK JIUIIIb B T10-
nynpoctpanctse Z > 03a skpaom (E, ,H ), B npubmoxennu Kupxroda cuu-
TaeM , YTO Ha TEHEBOI CTOPOHE AKpaHa, OOPAILEHHON B 3TO MOIYIPOCTPAHCTBO,

—

TIOJIS1 PaBHBI HYJIIO (Efn =0, H,= 0),a B PacKphIBE OTBEPCTHS O, PABHBI
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HEHCKaKeHHOMY Tostro nazarornieid 110B :

(7.27)

Puc. 7.6. ITanenue I10B Ha otBEpCTHE B SKpaHe

MOXXHO CuMTaTh, YTO 3TU HOJS (M COOTBETCTBYIOIIME UM SKBUBAICHT-
HbIC TIOBEPXHOCTHBIE TOKH) B Kakon Touke Q(X', y',0) otBepctust S, 00pasy-
0T FICTOYHVIK M3ITy9eHHS B TPOCTpaHcTBO Z > 0 B BUjIe armeMeHTa | Toiirerca, u,
TaKUM 00pa3oM, BHEIIIHEE ToNe U(paKiy B IPOM3BOJILHOM TOUKE HAOMHOIC-
Hust P(X, Y, Z) onpenernsrorcst CyMMapHBbIM MITYyYeHHEM BeeX 2JieMeHTOB I 1oii-
T'eHCa, HaXOJIAILMXCS B PACKPhIBE OTBEPCTHA S, .

B cdeprdeckoii  cricreMe koopauHar I, 6, @ ANMEKTPUUYECKOE TONe Kak-
noro areMenTa [ rolreHca , 3aHUMAFOITIETO AIEMEHT TTOBEPXHOCTH PACKpHIBA OT-

Beperwst 0S', B namreit some (|F — F'| >> 1) onpenensiercst Boipaskermem [1]:
—iky|F -7

dE =i E;"O (L+c0s0)(0° coscr—a° sin ) ds' (7.28)
y/A

F-7]
Tak kak Ha MMPAKTUKE pa3MEPbl OTBEPCTHSI MHOIO MEHBILIE PACCTOSHUS J10
TOYEK JAITBHEH 30HBI , TO U3 BCEX ITHX TOUEK OTBEPCTUE S, BUIHO MPAKTHYECKH

TIOJT HYJIEBBIM YTJIOM , & JIFOOOH 371eMeHT [ toireHca , HaxOIsIIMiACS B OTBEPCTHH,
JIaeT OJTMHAKOBYHO 3aBUCHMOCTB TI0JIs OT KoopuHar € v « . ITostomMy 1ipu oripe-
JIETICHM CyMMAapHOTO TOJIsI B TOUKE HAOJFOJICHUSI MHTETPUPOBAHUEM BBIPAKE -
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Hus (7.28) 0 IO OTBEPCTHS S, M3-TI0]] 3HAKA MHTETPAIA MOYKHO BBIHECTH
dyHKIMK KoopauHar 6 1 « . B utore nosydaeM

L . = _.Eoko A0 =0
En _SJ'dEm —I?(].-FCOS@)(Q cosa—a’sina)® (729

—iko|F—F
_ /
Paccrostae anemenra I rolirenca, Haxozerocs B Touke Q(x', y',0), mo
Toukk HaOmrozeHus P (X, Y, Z) onpenernseTcs BRIPKSHUEM
PPl (y -y 2 =
2" +yy') () +(y): (7.31)
=r,/1- - + >
r r
e r’=x°+ y2 +2°- PacCTOSIHUE OT HAYala KOOPAWHAT 10 TOYKH
HAOJTIOCHMIS.

C yuerom cootHOWweHnit I >> X', 1 >> y', pasmaras |F —F'| B crenen-
HOM DSl ¥ OCTABJISAS B PA3IOKCHMH TIEPBBIE TP CIArAEMBIX, TIOTYUaeM: :
’ ' "2 "2
o () + ()

F—7| =~
| b v (732)
Ecmm paccrosHue I' HAaCTONBKO BEMKO , uto Tpu BhraucieHnn O (7.30)
()’ + ()’
cJiaracmMoe 5 B BbIpakeHUH (7.32) TNpaKTUUEeCKU HE BIMSICT Ha

dazy @ 1 UM MOXKHO TpeHeOpeYhb , TO , Kak FTOBOPSIT , IMECT MECTO AU(paKIwst
OpayHrrodepa .

xx' + yy’
r
TpaTbHOIO BhipakeHys (7.30), BIHMSIOIIEM Ha aMIUTUTY/Ty TIOJIs 3eMeHTa [ roii-
TeHca, MOKHO TIONokuTh | I —T'|= T = CONSt i BbIHecTH W3-TIOZ 3HAKA MHTE-
rpajia. B nokasarene SKCMOHEHTHI TAKOE JOIMYILEHHE HE KOPPEKTHO , TaK Kak
(haza MONBIHTETPATTGHOTO ~ BBIPOKEHUSI MOXKET CYITIECTBEHHO MEHSITHCS OT
TOYKA K TOYKE B PACKPBIBE OTBEPCTHS (OCOOCHHO, KOT/IA Pa3Mephl OTBEPCTHS

COMBMEPUMBI FUTH OOJIBIIIC JUTAHBI BOJHBI A ).

Ilpu stOoM crlaraemoe <<TI' . u B 3namMeHarene MoMBIHTE-
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C ydeTom ckazaHHOro Bbipaykenue (7.30) npuHUMAaeT BUA :
e—ikor ik xx’+yy/
W

D= r ds’_

r (7.333)

So

PaccMOTprM  TIPSIMOYTOJIBHOE ~ OTBEPCTHE B DKPaHE  pa3sMepoM
axb(puc.7.7).
|

-

Puc. 7.7. IIpsiMOyroisHOE OTBEPCTHE B SKPAHE

: e” —e™”
Hcnomssys opmyny Ditnepa SIN Y = o - B peaymTaTe I
TPUPOBAHKS IOJTyYaeM :
e " sinU sinV
d=ab

—= (7.336)

ka = Kb
TR 0

Iepexons k chepudeckum koopmuHatam I, 8, (puc. 7.8.) U UCTIONb-
3ysl COOTHOIIICHHS
X=rsin@cosa;y=rsinfdsina, (7.35)
npeoopazyeM (7.34) :

k,a . KoP i g
U= °2asm¢9cosa, V:%smé’sma_ (7.36)



Puc. 7.8. [IpsiMoyronbpHOe 0TBepCTHE B CHEpUUecKO CUCTEME KOOPIMHAT

[Ipu 31OM BbIpaKeHue 1 nonst (7.29) nprUHUMAET B :
- Ek,abe™ 0 0. .sinU sinV
Enp =1 " . (1+cos@)(@" cosa—a sina) TRERVER (7.37)
[onmydeHHoe BBIpOKEHHUE TIOKA3bIBACT, YTO BHEIIIHEE TI0JIe TU(PaKIi B
JTbHEN 30HE MPEICTARISIET CO00M C(HepUUECKYTO (JIOKATHHO IUIOCKYFO) HEOIHO-
POIHYIO BOJHY.
MarnuTHOE oJIe OMPEAEIIETC M3BECTHBIM COOTHOILICHHEM [ 1] :

Ay =10 Er |
np WO np 1y
KOTOpOE, ¢ yuetoM (7.37) u [F'O (6° cosa — @’ sin a)] =60°sina +a° cosa,
TIPUHAMAET BHL ;
s Ek,abe™ sinU sinV

_ N0 i =0
H,,, =i TR (1+cosB)(@ sina+a cosa) THRVER (7.38)

7.3.2. Anamus nosisi iupaxuum Opaynrogepa

Hanomuum , HTO B)IaJIbHCfI 30HC 3dBUCUMOCTb MOIYJII HAIIPSLKCHHOCTU
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TOJIST KAaKOro-7IMO0 WCTOYHMKA OT HAIpaBIICHUS B TOUKY HAOMIOICHWS , T.€. OT
yIjIoB 0 M &, Ha3pIBaeTCs JMarpaMMOl HAIPaBICHHOCTH JAHHOIO MCTOYHHKA
m3yueHvist. [ Ipy vccneioBaHny TuarpaMMbl HAIPaBIEHHOCTH OOBIYHO ACIaeTCst
HOPMHPOBKA [0 MAaKCUMATTbHOMY 3HAYEHHEO TTOJISL.
JlnarpamMmy HampaBICHHOCTH TPSIMOYTOJIBHOTO OTBEPCTHSL B DKPAHE
yJI00OHO PacCMATPUBATH B JBYX IUIOCKOCTSIX
1. npu & = 0(E - mmockocts) — 1 cocTapysirorneii E

2. mput @ = 90° (H - IIOCKOCTB) — sl COCTABISIFOLLCH E g, .
B niepoM cityyae Jierko rnokasarb, 4ro
sin(k;bsin fdsina)

sinV |
vV a=0

|a=0 =1 ’

kLsiné?sina
2

U HOPMUPOBAaHHas JMarpaMMa  HalpaBlIeHHOCTM C  YYETOM, YTO

moma, = Ema lo—0 , OIMCHIBacTCS BBIpAKEHIEM :

. k.a .
‘Er}e‘ _1+cosé sm(73|n¢9)

FE(Q) = =
‘Emémax‘ 2 ko2 sing (739)
sinU
AHAJIOTMYHO BO BTOPOM CJIy4ae UMEEM: T‘azgoo =1

Mo max - Ema |6’=0 )

M HOPMHPOBAHHAS JHAarpamMmMa HarIpaBJICHHOCTH OITMCHIBACTCS BBIPAXKCHUCM .

Kb
[== _1+cosé sm(23|n 9)

- . 740
‘Em 2 kozbsin 0 (740)

F1(9) =

o]

B dopmynax (7.39), (7.40) nepBblii MHOKUTENIb TPEACTARISIET COOOM
HOPMHMPOBaHHYIO JTMarpamMMy HaIpaBJIEHHOCTH AJieMeHTa | toMreHca, a BTopoi
YUUTBIBAET pacpeiClieHUEe 3IEMEHTOB [ toireHca B OTBEPCTHH 0 KOOpIMHATAM
XU Y , COOTBETCTBEHHO, M HA3bIBAETCSI MIHTEP(PEPEHIIMOHHBIM MHOXKUTEIIEM .

JlparpamMma HarpaBIeHHOCTH MMEET MHOTOJIENIECTKOBYIO CTPYKTYPY C
IJIABHBIM MAKCHUMyMOM W3ITy4deHust B HanparsieHnn 6 = 0.
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B yacTHOM Citydae, Korya pa3Mepbl OTBEPCTHSI BEJIMKU TI0 CPABHEHHIO C
JWTMHOM BOMHBI (& >> A,b >> 1), B obnacti MaybIX yriioB 6 (COS 6 ~ 1) iep-

Bble MHOKHTEIN B (popmystax (7.39), (740) (L+ cosd)/2 ~1, u auarpamMmy

HAMPABJICHHOCTH (PaKTUUECKU OTPEICIISIIOT UHTEPQEPEHIIMOHHBIE MHOMKHUTEIH.
[ToaTOMY MOYKHO IOJIaraTh, 4To :

sin(koa sin @)
—sind
2
sin( k;b sin @)
F"(0) = < b (742)
—siné
2
sin X
I"padmiecku PpyHKIMS |—— pecTaBRiieHa Ha pyc. 7.9a., a COOTBETCTBRY-

IOLI1As el MarpaMma HarpaBJIeHHOCTH B MOJIIPHON CHCTEME KOOPIMHAT - Ha PUC.
790.

OnpenenmM MIMPHUHY [IABHOIO JIENECTKA JarpaMMbl HAIPABIICHHOCTY B
E - rockoctr 26, Kak yroi MeKIy OJKalIiMi HarpaslieHusimu 6, u 6, , B

KOTOPBIX U3ITy4EHUE OTCYTCTBYET.
W3 puc.7.9a cnemyer, 4To HYJIEBOMY YPOBHIO IJIABHOTO JIETIECTKA Jva-

IpaMMbl HalpaBlIeHHOCTM B HampasieHud 6, (puc.7.9 0.) COOTBETCTBYET
nepBbii KopeHb GyHkmmu SiNX/ X . IIpn stom, ¢ yuerom (741), yron
0y  ompenenseTcs U3 CIICYOLICIO YPABHCHES

K,a

—2-sing; =x
5 0 : (7.43)
: A . A
.singy == , 6, =arcsin=
Orcrona nosyJaem : 0 =5 »a Yo Q-
A
JUist OTBEpCTHSI, Y KOTOPOro & >> A, MOYKHO CUMTaTh,dto 0, ~ —, U
a

[IMpYHA IJIABHOIO JIETIeCTKa JMarpamMMbl HAIPABIEHHOCTH “TIO HYJISIM™ B
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E -mockoctu OIPEICIISIETCS] BEIPLKEHUEM
27

E
20, (7.44)
a
Sinz
z
xr
T T 0 J T =
a
o
8,
8-0"
26,
o,
270°
0

Puc. 7.9. Jlparpamma HaripaBIieHHOCTH TIPSIMOYTOIBHOTO OTBEPCTUSI

AHaJIorM4HO, eciii b >> A, TO IIMpHHA IIABHOTO JICTIECTKA TarpaMMBbI
HAITPaBJICHHOCTH “TIO HYJISIM B H - IJIOCKOCTH OTPEIENSETCsS BEIPOKECHUEM
2
20" ~ % (7.45)
Ot™MeTrM, YTO TIPH YBEJIMYECHUN PAa3MEPOB OTBEPCTUS U (WJIM) YMEHBIIIe-
HUY JyIMHBI BOJHBI 13 (7.44),(7.45) cnemyer, 4To IIMpHHA ITIABHOTO JIETIECTKA
JMarpamMMBbI HATPaBJICHHOCTH cyskaercs. [Tpu 3tom, ecmu A —> 0 | 1o pesyis-

E,H o
tar 0, — 0 cooTBeTCTBYET NMPUOIMKEHNIO TEOMETPHHUECKOM OITTHKH .
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7.4. OCHOBHBIC IOHATUS TEOMETPHUYECKOM OIITUKH

Ha BechMa BBICOKHIX YacTOTax, KOrjia IMPOM3BOIHBIC 110 BpeMEHH OT (DyHK-
IMOHATHHBIX TPECTARICHUIN AIEKTPOMATHUTHOTO TIOJSI BOJIHBI CYIIIECTBEHHO
OOJIBI1IE TIPOM3BOHBIX 10 KOOPIMHATAM, JCIACTCs MPEATIONOMKEHHE O JIOKATIHHO
IJIOCKOM XapaKTepe OISl BOJIHBL, YTO MPUBOAWT K TEOMETPOOITHYECKOM JTyde-
BOM TPAKTOBKE TMPOLIECca PaCcIPOCTPAHEHHS BOJTHBL.

Ta KOHLEMIIHS IIMPOKO UCTIONB3YETCS TP PACCMOTPEHNH MHOTHX 3a/1a4
TrdpakyK , a Takke 3a1ad pedpakiyy - pacIpOCTPaHeHUs AICKTPOMArHHUT-
HBIX BOJIH B HEOMHOPOIHOM TIIPOCTPAHCTBE, B TOM YHMCIIE TAKHX, KaK pacIipo-
CTpaHEHHE 3eMHBIX, TPOMOC(HEPHBIX M HOHOC(HEPHBIX BOJH, O KOTOPBIX MOMICT
PeYb B CIICTYIOIIICH TJIaBE.

74.1. YpaBHeHHe 3UKOHAJIA

[ peamnonoykem, 4To Ha OOJIBIIIOM PACCTOSIHUKM OT MCTOYHUKOB B HEOTHO-
POIHOM Cpefie C apamMeIpamMt £, = &, (X, Y, Z), M, =M, (X, Y, Z) pacrpocTpa-
HSIETCS BOJTHA, JIEKTPOMArHUTHOE TT0JIE KOTOPOW OIPEIEISIETCS BRIPOKECHUSIMIL

—

E =E-e™ H_=H-e™" (7.46)
e K, = w./&,, -TOCTOSIHHAS pacTIPOCTPAHEHHSI B BAKYYME;

L = L(X, Y, z) - HekoTopas ckamsipHast (pyHKIHSsI, (PU3HHUECKHiT CMBICT KO-
TOPOU PACCMOTPUM HIKE;

E, H - Bextopa, COCTABISIOLLIE KOTOPBIX B 3aBHCHMOCTH OT KOOPIUHAT
VBMEHSIFOTCS 3HAYMTEITHHO MEJIICHHEE, YeM OT BPEMEHH.

ToncraBmss 3T BbIpaKeHUs TOJIEH B IEPBOE ypaBHEHHE MakcBemia
Y UCHOJB3Ys COOTHOIIEHHE BEKTOPHOIO aHAIN3A

rot(a-b)=a-rotb +| grada, b |
TOMTyYaeM:
rot(ﬁe‘”‘OL) g ot rotH+[grad( o), ﬁ]:

e "rotH +[ ik,e " grad L,ﬁ] = iwe,Ee ™"
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B 510M BBIp@KeHMM k) OYEHb BEJMKO, TIO3TOMY, IpeHeOperas IIEPBbIM
CJIaraeMbIM, MOTyYaEM:

. 1 -
[H, grad L] =n’ VTOE (7.47)
e N, = Je , W, = w/,uo/ &, - BOIHOBOE COMPOTHBIIEHHE BAKYyMa.

Ioacrarmsis (7.46) Bo BTopoe ypaBHeHHE MakcBeia, aHaJIOTUYHO IIpe-
TIBITYIIEMY TTOJTyYaeM:

e nﬂ:\/;.

Vs Bopaxermii (747), (748) cuenyer, uro sexropa B, H, grad L
00pa3yIoT TIPABOBUHTOBYIO OPTOrOHATBHYIO TPOHKY.

[E, grad L] =-n’W,H | (7.48)

Toxcrarss E u3 (747) B (7.48), nomy4aem:

[grad L,[ﬁ, grad Lﬂ =n’H (7.49)

rie N=N_N, = /U -xoxuIHeHT IPEIOMICHHS CPEIIBL.
[pumvensist k (7.49) cooTHOITIEHHE BEKTOPHOTO aHATH3A :

[a’,[ﬁ,éﬂ —b(ac)—c(ab)

C YyYeToM, YIO (grad L, ﬁ) =0, nomyuaemM Tak HasbIBAEMOE YpaBHEHHE

otkonana L (0T rpedeckoro siikon - iB00pakeHHE):

(gradL)’ =n?, (7.50)

WIN
gradL=nL°® (7.51)
[o_ gradL 5 5
e - T 7 - CIMHWMHBIH BEKTOP (JTyueBoit opT).

Yparuenue siikoHana (7.50) B pazBepHyTOi (hopme :
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LY (eL) (eLYy
) (EJ (5] s o=

NpeZICTaBIIsIeT coOol HemmHerHoe ) pepeHIMaIbHOEC YPaBHEHNE B YaCTHBIX
MPOMBZBOHBIX MEPBOTrO Mopsizika. OHO SIBISIETCS] OCHOBHBIM COOTHOILIEHHEM T€0-
METPUUYECKOW OIITUKK HEOTHOPOTHBIX CPELL,

Bekrop IloMHTMHIA, OMPEnestONIYi HANpPaBICHUE JIBVDKCHUS SHEPIUH,

_ I 0
m=[ER] ~ gradL =nL" nokasbBaeT, 4T0 SHEPIVS BOJIHBI JBIKETCA BIIOJIb
LO,

N3 Boipaxkenuit (7.47),(7.51) BbITEKaET COOTHOILICHHE :

E n

=W, — = Ha

H n; g ’
rae W_ - BOITHOBOE COIPOTUBIIEHHUE IPOCTPAHCTBA.

Takum 00pazoM, B T€OMETPOOITHYECKOM TPHOIFYKEHHH T10J1e B KaKIOM
TOUKE TPOCTPAHCTBA HOCUT XapakTep IUIOCKOM OTHOPOIHOM BOJHBI, PacIpo-

CTPAHSIFOLLIEVICS B HAITPABIICHUN L°.
74.2. YpaBHeHue j1y4ya

3HavyeHust L = const ompenensier sxkBU(A3HYIO MOBEPXHOCTh — (DPOHT
BOJIHBL

CeMelCTBO JIMHMIA, OPTOrOHATBHBIX K 3KBU(A3HBIM MTOBEPXHOCTSIM, Ha3bl-
BACTCSI JTyYaMHL.

ITo omnpenenenrio grad L meprieHmKyIspeH SKBH(A3HON TTOBEPXHOCTH

L = const, nmo3tomMy HaripaBieHHe JTyda B K&K TOYKE MPOCTPAHCTBA COBITA-
naer ¢ Harpasiernem grad L wm L.

B 00111em citydae HeOTHOPOTHOM Cpelibl SKBHU(a3HbIE TIOBEPXHOCTH MPE/T-
CTaBIISIFOT COOOM M30THYThIE TIOBEPXHOCTH, a JTyUH — POCTPAHCTBEHHBIE KPUBBIE,
T.€. IMEET MECTO MPOLIECC HETIPEPHIBHOIO TpeioMiIeHUs (pedpaKiiys) SIeKTpo-
MAarHUTHOM BOJTHBL.

BriBenieM ypaBHEHHME JTyya, UCXOSl U3 TEOMETPHH, MPEIACTABICHHOM HA
puc. 7.10., tae nmokazaHa JIMIIIb OJTHa KOOPAMHATHAS OCh X .
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Puc. 7.10. K BbIBODY ypaBHEHMSA JTyda

3nech I _XI yl IO

o 0
B KKJION TOYKE TIPOCTPAHCTBA; ly =cosa l, =cos 5, l; =cosy ,rnea, By-

- IMHUYHBIA BEKTOP, KacaTesbHbII K | |

HanpassEoLwe yrbt |
ro_ 0
ITo ompenenenuro ayda | =L",
F=xX"x+y°y+2° - PaIyC-BEKTOP TEKYIIICH TOYKU Ha JTyde.

PaccmoTprM 1por3BOIHYO :
dar _,dx _,dy _,dz
Ar o OX o9 5002 _

a o a Ttar

S0 =0 =0 T0_[0 (7.53)
=X"cosa+y’cos B+7°cosy=1°=L
Orcrona ypaBHEHHE SKOHATIa MO>KHO 3aITCaTh B BUJIE
N dr
0 0
gradL=nL"=nl '=n—
dl - (7.54)

Huddepenmmpys (7.54) cnea v cipaa 1o |, osmydaem :

d nOlr = d gradL = grad db =
di,\ dl, ) dl, dl,

oL dx (9L dy oL dz
= grad
ox dl, aydl az dl,
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= grad (gradL,I°)=grad (nL°T°)=gradn . (7.55)
dL
N3 npuBEICHHBIX BBIKIIAJIOK, B YACTHOCTH, CIIEAYET, YTO dT =N wm
dL =ndl,,1e smement mmnpl mytn d L paBeH 31eMeHTY TeOMETPUYECKOTO
IyTH BIOJB JTy4a d/;; , yMHOKEHHOMY Ha KOX(D(UIMEHT MPeTOMIICHHS Cpefipl N .
B onmvke nipyHATO L Ha3bIBaTh ONTAYECKOM JJIMHOW ITyTH.
Takum 06pazom, TuddepeHIaIbHOE ypaBHEHHE JTy4da BTOPOro MopsiKa B
BEKTOPHO# (hopMe NMEET BU/T :

g nd—F =gradn
di, | dl, (7.56)

B yactHOM ciydae omHOpoIHOM cpeibl (N = const ) nmeeM:

d’r zoaﬂzconst, T.C.
dl’ B
S—IX = COSa = const ;(?Ty = COS,B = const ;(;jTZ = COSy = const ,

U JIyd TPEICTABRIIET COOOM NPSMYEO JIMHUIO.
ITpu stom L = nl,, u dpysxms, onpenenstonast n3meHeHue (asbl TOIS

“ikol _ g _e

—ikgnl —ik,l,

BOJIHBI , TIpUHUMACT BU; €
743. Paqiyc KpUBM3HBI JIy4a

B oOmem ciydae ypaBHeHue Jsiyda (7.56) ONMUCHIBAECT IMPOCTPAHCTBEH-
HYIO KPUBYIO, B K&KJIOM TOYKE KOTOPOM MOXKHO ONPEACIUTH €€ PaanyC
KpUBM3HBI L, SBISIOLLIMICA BOKHBIM TAPAMETPOM TPU MPAKTUYECKUX PaC-
yerax TporocepHbIX JIMHUM CBSI3U, O KOTOPBIX OYJET WATU Peub B CIIETy-
IOLLIEH TJIABE.

PaccmoTpuM Ha Jtyde Touku d m b, paccTosHie MEKITy KOTOPhIMH

ab=dl, =0 (puc7.11)
o 10 7o
Emmanunsiii Bektop | B Touke b nomyuaer npupamenne dl ~ . Mosxso



CUuTarh, Yro JJIMHA JTyT! ab dl, =ap= ‘*o‘ P , OTKyJa IOJIy4YaeM :

P10 (7.57)

Puc.7.11. K omnpenenenvto payca KpUBU3HBI JTyda

BBe/ieM BEKTOPHYIO XapaKTEpHUCTHUKY KPUBH3HBI JTy4a :
-0 10
-~ _p _dl

> dl (758)

o 10
I1Ic CANMHUYHbIM BCKTOP P HalIpaBJICH BIOJIb dl IMPOTHBOIIOJIO’KHO BbI-

IYKJIOCTH JIyda,, M OyneM cumtats £ > 0 | ecim BBIIYKIOCTL HAIpasjieHa OT
LICHTpa KPUBH3HBI B TOUKE 0.
B cooterctBin ¢ (7.53) mepermiieM ypaBHeHue Jiyda (7.56) B Buie

dil(nro): gradn

J

, U, BbMUCIEEL TIPON3BOAHYHO CJIEBA C YYCTOM, 4YTO IIO

dn 170
OTpEJIENIEHHIO |~ gradnl , TIOJTY4aeM :

dro _’0 _’O
nd—|+l (gradnl )=gradn_

V)

(7.59)



-28 -

PaccMoTpuM  pactipocTpaHeHre ANEKTPOMArHUTHOM BOJIHBI B CPEIIE,

KOX(DUIMEHT MPETIOMIICHHST KOTOPOW 3aBUCHUT JIMIIL OT KOOPIMHATHI Z , T.C.

n
50
Ha TOBEPXHOCTH ypOBHS Z =CONSt n=const , a gradn=7"—

dz
OnpenemM palyC KpUBW3HBI JTyda (TPAcKTOpPWUM JBVDKEHWSI BOJIHBI )

—

B TOuke (] , Ie €ro Harpas/ICHUE |° obpazyeT ¢ Z° u ¢ gradn POM3-
BOJbHBIA yron O (puc.7.12a).

!
VA

[}

0 0
Puc. 7.12. TpaeckTopun IBUXKEHUS BOJIHBI.

I[Ipu 310M BeIpakenue (7.59) npeoOpazyercst K BUIY :

dr® —.dn dn
n— +1°—cos@ =7° —
dl 0z dz > OTKyAa

J

dro 1 dn 0 70
=— Z° —1 "cosd
[oacrarmsis (7.60) B (7.58), momydaem :
p_1dn

; s (ZO —TOCOSQ) . (7.61)

Ortcrona,, BO3BEIIS JIEBYIO U TIPABYIO YacTW B KBAJPAT , HAXOMM :

(7.62)



-29 -

3nHax “MuHYC” B (7.62) yautsBaer , uro ipu dn/dz <0 (mmotHOCTS Cpe-
Il yMEHBIAeTcsi ¢ poctoM Z) pamayc kpuBisHel 2 >0 (myu 1), a mpu
dn/dz >0 (moTHOCTS CpeIbl YBENMUMBAETCA C POCTOM Z ) PaAyC KpHBH3-
ue1 P <0 (1ya2).

Ecm JIyd MIeT BIOMb TONOMKHUTENBHOro HampasieHus ocu Z (6 =0)
TICPIICHIMKYJIIPHO TTOBEPXHOCTH YpOBHS Z =CONSt, To m3 (7.62) HaxomuM ,

410 B 060oM cirygae (dn/dz <0, mo dn/dz >0, mGon=const) p=o0 |
T.C. Jyd MNPEICTAaBsIeT COOOH MPSMYIO JIMHHIO , [APAUICIBHYIO OCH Z
(puc.7.126) . Ecim jiyd uzer BOOJb OTPHIIATENIHHOTO HAIPABJIEHHS OCH Z
(6 =180"), 10 ananorm4HO MomydAeM O =0

Ecim j1yd Wzer BIoib MOBEPXHOCTH ypoBHs Z = CONnst (6 = 900), TO

n

payc KPUBH3HBI OMPEICICTCS BhIPAKCHACM P= _E . B atom crydae,
dz

ecIm dn/dz<0 ,To p>0 (rya 1), a ecim dn/dz>0 ,T0 p<0 (o1ya 2)

(puc.7.12B.).
JIns mpoTshkeHHBIX  TporocepHbIX JMHMM CBB3U (cM. pasnen 8.3.2.),

nomarast, aro N~1, 6~90°, pamiyc KPUBM3HBI JIy4a MOXHO PACCUHTBI-
BaTh 1Mo (popmyrie :
1

P=7dn . (7.63)
dz

A A Tpunym Pepma

VYpaBHeHue diikoHana (7.51) mpouHTerpyUpyeM clieBa U CIpaBa 1o Mpou3-
BOJIbHOM KpriBoi | Mexxmy Toukamu A u B (puc. 7.13.):

C
Ijgrad L _IjnL di (7.64)



Puc.7.13. K BeBomy npunima dOepma

C yderoM TOro, 4ro

gradL:X°%+ y°%+20%
OX oy oz’

a dl =x°dx+y°dy+z°dz,

BbIYMCIICHUC HMHTCIPAJIA CJICBA HACT :

forad LdT =j(Z—de+%dy+@d zj :TdL =L(B)-L(A). (765
X A

| | ay Oz
Taxum 0OpaszoM, HHTErpat cJieBa He 3aBHCHT OT (DOpMBbI ITyTH | .
Nurerpan cripasa
Iniodf = fnf’?odl = In cosa dl (7.66)

/ / /
I7Ie @ - yroji MeXIy HalpaBIieHHEM JTyda 1 €IMHIYHBIM BEKTOPOM KacaTelTbHON
T, K ITyTW UHTErprupoBanys | .
[ IpupasauBas (7.65) u (7.66), momy4daeM :
[ncosadl = L(B)-L(A) (7.67)

Ecnu ryTs MHTErpUpOBaHUs COBIIAAACT C HAIIPABIICHUEM JTy4da (a = O), TO
[ndl=L(B)-L(A) (7.68)

OTOT UHTETPAT HA3bIBAETCS OITTUYECKOM JJTMHOM ITyTH B0 JTy4a.

N3 (7.68) crienyeT , 4To OITUYeCcKast JJTHA ITyTy BJIOJb JTy4a MEXITY JIBY-
MsT SKBU(A3HBIMHI TIOBEPXHOCTSIMH  BCET/IA OJTHA M Ta YKe, XOTSI TeOMETPUUCCKIIE
JUTMHBI ITyTH MOT'YT OBITh PA3TMYHBIMU (pUC. 7.14.).
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Ny

L=const

Puc. 7.14. Orrmrdeckue 1 TeOMETPUYECKUE [UTUHBI ITyTH MEKITY
SKBU(A3HBIMU TTOBEPXHOCTSIMU

N3 dopmyn (7.67), (7.68) BbITeKaeT PaBEHCTBO
[ndl =[ncosadl,
I, |

KOTOpOE ¢ y4eToM ,uTo COS« <1, mpeoOpasyercsi B COOTHOITICHHE:
[ndi<[ndl (7.69)
e |

3TO HEPABEHCTBO BHIPOKAET IIMPOKO UCTIONB3YEMbI B ONTUKE ITPUHIIMIT
®depma, KOTOPBIH TJIACHT, YTO OITHUYECKAs JyIMHA MyTH MEXKTY JIBYMSI TOUKAMHU
MPOCTPAHCTBA MUHUMAJILHA, €CJTA Ty Th KUJIET 110 JTy4y.

* * *

B 3akimoueHre Kpatko 00O03HAUMM TPaHMIIBI TPUMEHMMOCTH METOo/IA
TeOMETPHYECKOM OITTUKK TIPH PEIICHUH 3314 TU(PPaKiy 1 pedpaKiii .

1.MeTon MOYKHO TIPUMEHSITh, €CJTH TTapaMeTpPhI CPEIbl & , 44 Y aMIUTUTYA
TIOJIS] MAJIO MBMEHSTFOTCS] HA pACCTOSIHUSIX, PABHBIX JTMHE BOJIHBI B CPEJIE.

2.MeTo MOXHO TPUMEHSTh, €CIM KPUBU3HA TIOBEPXHOCTH OOBEKTA
1 (hpOHTA TAJAFOIIEH BOJHBI MAJI0 MEHSFOTCS Ha PACCTOSHUM, PAaBHOM JJIMHE
BOJIHBI, T.€. pacCCMaTpyBacMblii CiTydail OM30K K 3a/a4e O MAJIEHUY TUIOCKON
BOJIHBI Ha OCCKOHEUHY'O TTOCKOCTb.

3. Metoz He PUMEHUM B 30HE TEHH, IJIE TEOMETPUUECKas OMTHUKA JIACT
YUCTBI HOJb MOJIS, U B OOJIACTU TIONYTEHH, TJ€ OHA JIaeT Pa3pbiB MO HA
TpaHUIIC ‘‘CBET— TEHB .



