[naBa 6
CTPYKTYPA VVI305PA)KEHVVI$I, OBPA30OBAHHOIO
ONTUYECKOU CUCTEMOMU, U OLIEHKA EI'O KAYECTBA

Pacripenenenue  OCBEIIEHHOCTHM B IJIOCKOCTH — M300pa)K€HUs
OTIPEEIISETCS BEIpAKEHUEM

Ey(x',y")=1nL'(x', y')sin® ¢’ cos* w', (6.1)
rne L'(x', y') — pacnpenenenue ApKOCTH WM3IydeHHs B HAIpPABJICHHH
TJIAaBHBIX JIy4el, OCpeTHEHHOW B MpejesiaX CBETOBOTO Iyd4Ka JIy4eu; T —
KO3 (UIIMEHT TMPOIYCKaHMUsS CBETAa ONTHYECKOW CHCTEMOW U Cpelami,
pa3feNAoIUMHA  TPEAMET, ONTHYECKYI0 CHCTEMYy H  IIJIOCKOCTb
U300pakeHuii; ¢’ — yroj, 0Opa30oBaHHBIA KpaWHHM JIy4OM OCEBOI'O IydKa
C ONTHYECKOW OChIO B MPOCTPAHCTBE M300paxkeHui; w — yron (moieBoi

erJ'I) MCXK/AY TIJIaBHBIM JIY4OM H OINTUYECKON OCKhIO B IIPOCTPAHCTBE
12

. n
n3obpaxxennii. Pacmpenenenne spkoctm  L'(x', y')= n—zL(x, y), rme

L(x, y) — pactipenenenye SpKOCTH M3JTy4eHHs MOBEPXHOCTBIO TPEIMETA;

n U n' —TOKa3arenu MPeJOMIICHUS CpPell B MPOCTPAHCTBE MPEIAMETOB U

H306paH(CHHﬁ COOTBCTCTBCHHO. CHCHOB&TCHBHO,
12

Ey(x', y'")=1nL(x, y)n—2 sin” 6'cos* w'. (6.2)
n

[ToniepeuHoe yBeaudeHHe M300paKeHUs, 00PAa30BAHHOIO ONTHYECKOM
CUCTEMOM, ONpeeIIeTCs COOTHOIIICHHEM BH/IA:
- n,s%n G’ ’
n'sinc
rie G — yroy, oOpa30BaHHBIM KpaWHHUM Jy4OM, HCXOJISIIUM H3 OCEBOU
TOYKH TpeMeTa, C ONTHUECKON ochio. [Ipu 3TOM BhIpaxeHue (6.2) MOXKHO
IPEJICTAaBUTh B BHJIC:

)
Ey(x', y'")=1nL(x, y)Sl;—zccos4 w'.

[Tycth, Hampumep, sinw'=0,1, 4TO0 COOTBeTCTBYyeT yriay w = 6°.

Torma cos*w' = (l —sin” w’)2 =1-2sin’ w' +sin* w' =0,9801. Takum
oOpa3oM, IMpU JOCTATOYHO OOJBIIOM, HampuMep, i OOBEKTHUBOB
3pUTENIBHBIX TPYO, YIJIOBOM MOJi€ M300pa)xKeHusl MPUOTHUKEHHO MOMKHO
CUUTATh, YTO

sin® &

2 L(x, y) (6.3)

E, (x', y') =17
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E,(x', y")=KL(x, y), (6.4)
)
roge K = rns'lg—zc = const .

Ntak, mnpu CpaBHUTENBHO MajJoOM, HO JOCTaTOYHO OOJBIIOM,
Harpumep, Mg OOBEKTUBOB 3PUTEIBHON TpyObl, VYIJIOBOM TIOJIE
pacupesesieHHe OCBEIIEHHOCTH Ha IUIOCKOCTU H300pa)KEHUsl HJICaJIbHO
OTOOpaKaeT  paclpeiesieHHe SIPKOCTH  HM3JIYyYEHUsS]  TMOBEPXHOCTHIO
npeaMera.

Baxno ormerutb, uro Qopmyna (6.1) momyueHa nansi ujaeanbHON
ONTHUYECKON CHCTEMbl Ha OCHOBE TMPEJCTABICHUNA T'€OMETPUUYECKOU
ontuku. ONTHYECKYI0 CHUCTeMy OyJeM CUUTaTh TI€OMETPUUYECKU
uJcalbHOM, €ClM OHA  YJOBJETBOPSET  CICAYIOIIMM  YCIOBHUSM,
chopmynupoBanubM [[.K.MakcBeniom B 1858 roay:

— BC€ JIy4d, BBILIEIIINE U3 TOYKH MpeaMeTa A(x, y) U TPOILLIE/IIINE

Yyepe3 ONTUYECKYI0 CHUCTEMY, JOJDKHBI COMTHUCH (TIEpecedybcs) B TOUKE
msobpaxenus A'(x', y');

— KaX/IbIi 3JIEMEHT TJIOCKOCTH MpeaMeTa, HOPMaJIbHOM K ONTHYSCKOM
OCH U coAepKalled TOUKY A(x, y), JOJDKEH OBITh M300paX€H 3JIEMEHTOM

IUIOCKOCTH, HOPMQJIbHOM K ONTHYECKOW OCH M COJEPKALIEH TOUYKY
A, y');

— BBICOTA U300paKeHHUs )’ MO/DKHA OBITH HMPOMOPIIMOHAIBHA BBICOTE
npeaMeTa y, npudéM Kod(PQHUIIMEHT MPONOPIUOHATEHOCTH JOKEH OBITH
TMOCTOAHHBIM ~HE3aBHCHMO OT MecTOTonokenus Toukn A(x,y) B

MJIOCKOCTH TpeIMeTa.

OTKJIOHEHUS OT TEpPBOrO0 YCIOBUSI OMPENCTSIOT TOMEepPEUYHBIC
abeppaluy MUPOKUX M y3KUX MyUYKOB Jydeid, 00pa3yromux n300paxeHune;
OTKJIOHEHHUSI OT BTOPOTO YCJIOBHSI OINPEACISIOT KPUBU3HY TOBEPXHOCTU
U300paXeHUs, a OTKJIOHEHHUS OT TPEThEro YCJIOBHS HApyIIAlOT IM0I00ue
U300paKeHUS TMpeaMeTy W Has3pIBalOTCsA aucrtopcued. OpHako, B
U300pakeHUH, OO0Pa30BAaHHOM TE€OMETPHUYECKH HWJICATbHON ONTHYECKOM
CUCTEMOM, PACIPEICIEHUE OCBEIUIEHHOCTU HE SBISIETCS WACAIbHBIM
OTOOPaKEHHUEM SIPKOCTH M3JTYyUEHHUS MMOBEPXHOCTHIO MIPEAMETA, MMOCKOIBKY
B JTOM Ciy4yae Kaxjas TOoYka TIpeaMeTra Hu300pakaeTcss B BHJE
Tu(PaKIIMOHHOTO TATHA, PAAWYC TMEPBOr0 TEMHOTO KOJBIA B KOTOPOM
(pamuyc KpyKKa WIM TATHA OpH) TpU  Kpyriod Qopme 3paykoB
onpenenseTcs GopMyoi:
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Ts

= —. (6.5)
2n'sinc’

BrnonHe o4eBMAHO, YTO NPU NPOYUX PABHBIX YCIOBHUSX pa3Mep
TU(PAKIIMOHHOTO MSTHA B U300paKEHUH TOYKH TEM MEHBIIIE, YEM MEHbIIIE
JUIMHA BOJIHBI U3JIyY€HUsI A . DTUM, HallpuMep, OOBACHSIETCS TOT (PaKT, YTO
JUIsl TIOBBIIECHUS 3()(PEKTUBHOCTH NPUMEHEHUS IUIAHAPHOM TEXHOJOTHH
IPOU3BOACTBA  COBPEMEHHOM  IOJYIPOBOJHUKOBOM  3JIEKTPOHUKH
Ha0JII0/1aeTCsl TIOCTOSIHHOE CTPEMJIEHHWE HCIOJIb30BaTh U3IyueHue Oosee
KOPOTKHX JJIMH BOJIH.

N3  cootHomenus (6.5) cnegyer, uro Toidbko Tipu A =0
Oe3abeppalliOHHAsE oONTHYecKas cucrteMa (OpPMHUPYET T€OMETPUUYECKU
ujeanbHoe n3oOpaxeHue. Eciu npeanonoxuTh, YTO BEJIMYMHA CBETOBOIO
NOTOKA, M3Jy4aeMOro TOYEYHBIM HCTOYHUKOM (TOYEUHBIM MPEIMETOM),
Maja, HO KOHEYHa, TO BIIOJHE OYE€BUAHO, YTO SIPKOCTh U3IyHYEHHS] TAKOTO
HMCTOYHUKA JOJDKHA OBITh OECKOHEYHO OOJIBIIIONW, MPH ATOM OECKOHEYHO
BEJIMKA JOJDKHA OBITh M OCBEUIEHHOCTh TI'E€OMETPHUYECKH HJICATBHOIO
n300paxeHusi ToUku. OCBEIIEHHOCTh HACAIN3UPOBAHHOTO HU300paKEHUS
TOYKH MO>XHO OINHUCATh C MOMOIIbIO TaK Ha3biBaeMo# O -(pyHkiuu Jupaka:

AN 2 N 12 12
S(x,y )—}g}oN exp[ N n(x +y )] : (6.6)
[IpencraBuM 5TO BBIpaXKEHUE B BUJIC:

. N?
5(x', y')= lim =
N—soo exp[Nzn(x'z +y'2)]
= lim !
N—>o©

]\}2 + n(x'2 +y"? )+ ;NZTCZ (x'2 +y"? )2 +K
Orciona crefyer, uto ipu x' =0 u y' =0 dynxuus §(0,0)=oo. Eciu

x'#0 u (um) y' %0, 10 8(x’, y')= 0. Kpome Toro,

T ok e -

=1- N2 _N2 err _N2 err.
lim _Lexp( ) x_jwexp( ' )dy
O6o3uaunm N2mx'” =u. Torma 2N’nx'dx' =du W, COOTBETCTBEHHO,
1
dx'=;u 2du .

2Nn

[Ipu 3TOM TIOTYy"aeMm
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% 1
_[exp(—u)u 2du.
0

e 0] 0 1
2 12 ' 2 12 '
exp(—N X )dx =2 exp(—N X )dx =
) f N
N3BecTHO, 9TO TaMMa-QyHKIHS ONPEALISIETCS HHTErpajioM Diiiepa B
BUJIC:

I'(t)= Texp(— u)ut_ldu :

1 |
N3 conocraBneHuss UHTErPalioB CIEAYET, YTO t:5. Ho F(E) =Jr.

[Ipu sTOM Texp(— N?mx'? )dx’ = Texp(— N?my'? )dy' = B pe3synbrate
0 0

1
N
TOJTy4aeM, 4To J IS(x', y')dx'dy’ =1.
Utak, O-pyHKINS 001amaeT CIeayoNMMH CBOMCTBAMM:
o, 0¢ x'=x5 ¥V =y

S0 =30, =30)=10 jos  xwxt & (068)y % ol

”ES(x' —x}, ¥ =y )dx'dy' =1.

Otcroma ciemyer, 4To eciid O -(yHKIMS OINMCBHIBACT Paclpe/ICiICHHIE
OCBEIIEHHOCTH B HJCATU3UPOBAHHOM HM300Pa)KEHUHM TOYKH, TO CBETOBOM
noToK, (opMupyromuii 3To u300paxkeHue, paBeH eauHuie. C apyroi
CTOPOHBI, €CJH SPKOCTh M3JIy4YEeHHsS TOUYEYHOI'O0 MCTOYHHKA CBETa paBHA
HYJIIO, TO OCBCIIEHHOCTh B HM300paXCHHHM TOYKH, a, CIICAOBATEIBHO, W
MOTOK, ero GopMupymoimuii, Toxe OyayT paBHb Hy0. [losTomy
OCBCHIEHHOCTh B HJICATM3MPOBAHHOM H300PKECHUU TOYKH OIPEICITUM
IPOU3BEJICHUEM BU/IA:

Eo(x', y)3(x" = x3, ' = ¥5).

Iycrs  f(x', y') —mobas ¢yskmus mepemenEbx x u ). Ecim
f(x', y') HempepwiBHa Ipu X' =X}, ¥ V' =y}, TO CHPaBEINBO CIIEAYIOMEe
Ba)XHOE COOTHOIIICHUE

[[/G )80 = x5, ¥ = yo )ax'dy’ = f(xp, 5,

T.C. CHpaBeI[JII/IBO COOTHOIIICHUC
S0 = xp, ¥ = vh) = £, v5)d(x' = x4, ' =w).  (6.7)
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CBoiictBO O -QyHKUMH, oOIpeaensieMoe cooTHouieHueM (6.7),
Ha3bIBACTCS (PUIBTPYIOIIUM CBOMCTBOM O -(DYHKIIUH.

Takum 00pa3oM, BbIpaKEHHE

Eo(x's ')8(x" = x0, ¥ = yg) = Eo(xg, ¥9)8(x" = x5, ' = ¥p).

BrniosniHe o04eBUJHO, 4YTO CBETOBOW MOTOK, (HOPMUPYIOIMIMI Kak
peanbHOE N300pKEHHNE TOUKH (C yu€ToM audpakiuu U abeppainii), Tak u
UJcaTM3UPOBAHHOE, TOHKEH OBITH OJTHUM M TE€M K€, PAaBHBIM BXOJISIIEMY
B ONTHYECKYIO CHUCTeMY C Yy4€ToM Kod(dQuimeHTa MpomycKaHus cpen
ONTUYECKOU CUCTEMBI.

CrnenoBaTteibHO,

”E(x' — Xy, ¥ — vy )dx'dy’ =
_OOOO (6.8)
= [JE(, )8 = xp, ¥ = v )aw'dy’ = Eq (x5, ),

rne E,(x),y)) — BenMuMHA OCBEMIEHHOCTH B H300pPKEHHH TOUKH,
onpenensemas gopmysion (6.1) unu popmyoii (6.3).
dynxmmo D(x'—x), ¥’ — vy ), ONpenenseMyo OTHOIIEHHEM
E(x'=xp, y' = ;)
E 0 (X6 > Y 6)
HasbIBalOT (GyHKIMen paccessuust Touku (OPT). IIpu aTomM U3 BbIpaxeHuUs
(6.8) HaxoIUM, YTO

%

”D(x'—xé, y' —yp)dx'dy' =1. (6.9)

—o0

Takum obpazom, ®PT MOXHO MHTEPNPETUPOBATH KaK HM300paKeHHE
TOYEYHOI0 MCTOYHHMKA W3IYYEHHS, B KOTOPOM pAaCHpEesi€H MOTOK
W3JIy4YEHUsI, PABHBIN €JUHUIIC.

3aMeTuM, 4TO

E(x' = x, ' = y)=Dx" = x5, V' = 4 )Eq (x5, %5), (6.10)
rne E(x'—x),y'—y}) — pacupesieleHHe OCBEMEHHOCTH B PEATbHOM

9

D(x'— x4, y' = yy) =

U300paKeHUHN TOYKH, 00pPa30BAaHHOM OMTHYECKON CUCTEMO.

Ecnu ®PT mocrosHHa Uit BCEX TOYEK IUIOCKOCTH H300paKeHUS
(abeppaiuu NMpakTUYECKW HE H3MEHSIOTCS B Mpejelie BCel IUIOCKOCTU
U300pakeHus1), TO OCBEHIEHHOCTh B paccMaTpUBaEMONl TOUKE C
KOOpJMHATaMH X', ' 3aBHCHT TOJIBKO OT PAacCTOSIHHs, Ha KOTOPOM OHa

HAXOJIUTCA OT TOYKHU HJICATU3UPOBAHHOIO M300paKEHUS C KOOpJAUHATAMU
X(, V- DTO O3HAYAET, YTO ONTHUYECKAsi CUCTEMa yJIOBJIETBOPSET YCIOBHIO

IPOCTPAHCTBEHHOM  WHBAPUAHTHOCTH, T.€. B  COOTBETCTBHUM  C
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TEPMUHOJIOTUEN, MPUHSATON B ONTHUKE, OHA O0JaJaeT W30IJIaHATUYECKOMN
KOppekmuel abeppanmeil Wi, MpoCTO, OHA HM3OINIaHaTHYHA. B o0mem
cllydyae ONTHUYECKHUE CHUCTEMbl 3TOMY YCIOBHIO HE YJIOBJIETBOPSIOT.
OpHako, TUIOCKOCTh H300pakeHUsI BCerJga MOXKHO pa3feliuTh Ha
KOJIBIIEBBIC 30HBI, KOHIEHTPUYHBICE OCEBOM TOYKE M300paKe€HUs, B
npefesax ~— KOTOPhIX — YCJIOBHE  M3OIUIAHATUYHOCTH  MPAKTUYECKHU
coOmoiaercs, T.e. B npeaenax Kotopsix @PT u3meHsiercs B A0MYyCTUMBIX
npejaenax.

[Tockonpky B M300pa)K€HMU TOYKM OCBEUIEHHOCTh paclpeeiieHa Ha
MaJIOM, HO KOHEYHOH IUIOIIAAH, TO BIIOJHE OYEBUJHO, UTO PACIPEICIICHUEC
OCBEHIEHHOCTH B W300paXEHUH JPYTUX TOYEK OyJeT BIMATHL Ha 0OIee
pacmpesieieHHe OCBEIIEHHOCTH B HU300paXEHUM H3TUX ToueK. bynem
CUMTATh M3Jy4aeMbIil KaXJIOW TOUYKOM MpeJMETa CBET HEKOT€PEHTHBIM,
IIPH 3TOM OCBEIIEHHOCTh B KaXJ0M TOYKE IMJIOCKOCTU M300paKEHHs paBHA
CyMM€ OCBEIIEHHOCTEH OT Kaxkaou wu3o0pakaemoil Touku. B oOiem
ciydae uzobpaxkaroras cuctema nuueiina, ecmu E(x', y')=> a,E,(x', y').

1

6.1. OnTuyeckasi cucreMa Kak puibTpP NPOCTPAHCTBEHHBIX YACTOT

B oOmem ciiyyae BIUSHHE ONTHYECKOH CHCTEMBI Ha CTPYKTYPY
00pa30BaHHOTO €0 M300pPaKCHUS MOXKHO OIPEACIUTh C IIOMOIIBIO
MaTEMaTHYECKOTO0  OlepaTopa, KOTOPBIM IMOKa3bIBaeT, KaKk HYXHO
npeoGpasosath Gyrkimio E,(x), y)) NIeaTn3supoBaHHOTO H300paKeHus,

YTOOBI TMONYYUTh (PYHKIHIO paCHpenesieHus OCBEHIEHHOCTH E(x', y') B

NEUCTBUTEILHOM  M300pakeHHH. Takoe BO3JEHCTBUE  ONTUYECKOMN
CHUCTEMBI, YJOBJIETBOPSIOLLIEN TpeOOBaHUSIM JIMHEWHOCTHU U
M30IUIAHATUYHOCTA, MOXHO ONHUCAaTh C IIOMOIIBIO TEPEeAATOYHOU
dbyukmuu.  Ilepemarounas  GyHKIUA  JODKHA  OBITH  JOCTATOYHO
yHUBEpCalibHa, 4YTOOBI €€ MOXHO OBLI0 MPHUMEHHUTh K CHCTEMaM
pa3IMYHOr0 Ha3zHaueHus. [[pyroe BaxxHoe TpeOOBaHHE, MPEIBIBIIEMOE K
nepesaToyHor (GYHKIIMHA, COCTOMT B TOM, YTOOBI €€ MOXXHO OBLIO
U3MEPUTb.

PaccMoTpum  pacmpeneneHue  OCBEIIEHHOCTA  Ha  IIJIOCKOCTH
n300pakeHusl BAOJb JUHHUH, MapaulebHON, HampuMep, ocu x' . B sTom
coyaae E,(x)), vy)=E,(x}, v, = const). Ecnu 5Ty JHHHIO COBMECTUTH C

oceio x', T0 yj = 0. Ipu atom E,(x}, )) = E,(x}) u, cootBeTcTBEHHO,
E(x'~xg) = E(x))De (x' = x5), (6.11)
rae D, (x' - x}) — dynkuus paccesans muauu (OPJII), npuuém

Dg(x'=xp)= [D(x' = x5, " =y )dy'".

—0o0
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Ycnosue HopmupoBku PPJI TakoBo, 4TO

o o
IDé (x' —x})dx' = ”D(x' —x}, ¥ =y )dx'dy' =1.
o o0
B cityuae H301u1aHaTHYECKON CHCTEMBI
Dé(x’ _x(’)i)z Dé(x' _x(')j)'
Vnobno o6o3naunte x' —x,=E&. Ilpu os1tomM DPJI MoxHO
IpEACTABUTh B BUJIE, IOKa3aHHOM Ha pHc.6.1.

| Di(e)

Y
LA

0

Puc.6.1. dyHKLMA paccessHUS NTUHUN

OOpatumcs K puc.6.2, Ha KOTOPOM paclpeiesieHie OCBEIIEHHOCTH B
UICaTM3UPOBAHHOM M300pa)XKCHUU B HAINPABICHUM OCH X TIPEICTABIICHO
xpuBoit E, = E,(x}). Onpenemum ocseménnocTs m306paxkenns E(x') B

IPOM3BOJIBHOM TOUYKe ¢ KoopauHatoil x'. J[js 9TOro Hamgo HAWTH CyMMY
opmunat, pasHbIX D (E)E,(x'—&') mpnm um3menennmnm koopauHaTh &

(OTCUNUTBHIBAEMOM OT TOYKH C KOOPAHMHATON X') TEOPETHUYECKH OT — 00 0
. [Tpy Kaxa0M 3HAYCHUH KOOPIUHATHI &' COOTBETCTBYIOIIYIO OPMHATY

MOXHO cuuTaTh mpuHamiexame @OPJI B u3zo0OpaxkeHun mnpeaMera C
abcumccoit x, =x'—&' u orcrosmei oT meHTpa 3Toi QyHKUMHU (T.e. OT
abcuucchl X;) Ha PacCTOSHHM, paBHOM &', Kak IOKa3aHO Ha puc.6.2.

Takum oOpa3oMm, pacmpeaeicHue OCBCIEHHOCTH B HM300paKCHHH
MpeAMETA OMPEIEISACTCS BEIPAKECHUEM

E()= [ De(8)Ey(x' ~)de!. 6.12)

OTOT HMHTerpajg MpeacTaBisieT coOOW Tak Ha3bIBAEMYIO CBEPTKY
dyHKIMN Eo(x(’)) pacmpesieNieHusi  OCBEUIEHHOCTH BJOJIb OCH X B

UICATM3UPOBAHHOM M300paKEHUHU MpeaMeTa, 00pa30BaHHOTO ONMTHYECKOM
CUCTEMOM, C (yHKUIMEN paccessHus JUMHMH D (ﬁ'). CBEpTKy (QyHKIUN

4acTo 0003HayaroT 3Ha4KoM & . [Ipu sTtom £ =D, Q E).
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Puc.6.2. K BbiBoay cBEPTKM cbyHKUMI D (ﬁ') n E, (x' — &')

B oOmem ciydae ABYMEPHOTO paclpeieieHusi OCBEHIEHHOCTH
E,(x}, ¥)) B uneanu3supoBaHHOM H300paxkeHnn npeameta gopmyina (6.12)

IIPUHUMACT BUI:
E(x',y")= [[D(E, M )E,(x'~€", y' —n')dE'an’, (6.13)

rae &', n' — koopaunater OPT.

MoOxHO 1OKa3aTh, YTO JIMHEWHBIM MPOLECC, ONPEHAECIAEMBIN
unterpaiom (6.13), Ha s3bike mpeoOpazoBanHus Dypbe 3amuchIBacTCs B
YpE3BBIUYANHO MPOCTON PopMe, YTO MPUBOAUT K UHTEPECHBIM U MOJIE3HBIM
COOOpaKEHHUSIM O JEHCTBHHM ONTHYECKOW CHCTEMBl Kak (QuibTpa
MPOCTPAHCTBEHHBIX YaCTOT.

YMecTHO HamoMHHUTH, 4TO (opmyna (6.12), a, COOTBETCTBEHHO, U
dopmyna (6.13), momydeHbl B MPEANOIOKEHUM, YTO BHUA (PYHKIUU
D(¢',m') B mpememax paccMaTpHBAaeMBIX YYACTKOB H300pakKeHHS He
U3MEHSIETCs, T.€. B MepeieyiaX pacCMaTpPUBAEMbIX YYaCTKOB M300paKeHUS
ONTHYECKasi CUCTeMa 00J1aIaeT U30TUIAHATHYECKON KOPPEKIui abeppalinid,
IIPU ATOM KaXKJ1asi TOUKa IpeaMeTa u31ydaeT HEKOrepEHTHBIN CBET.

[Ipu pemennn MHOTUX 3a1ad (U3UMKA U MATEeMaTUKU HEOOXOJIMMO
OCYIIECTBUTh PA3JIOKEHUE MEePUOANYECKON GyHKIMH f (x) C TEepUOJIOM,

pPaBHBIM p, B PSJI 10 TPUTOHOMETPUUECKUM (DYHKIIUSIM:
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. 2T 27 .27
f(x)= a,+a,sin—x+b,cos—x+K +a,sinn—x +

P p p
. - (6.14)
+b cosn=Tx+K =a, + > a, sin2n’™> +b, cos2n = |.
p n=1 p p

Psn Buna (6.14) HassiBaeTcs psagom Dypbe, a paznoxeHue QyHKINN
f(x) B pan ®ypwe cocrapnser 3amady TrapMOHHYECKOTO aHamm3a. B
MPUJIOKEHUAX 3a4aCTyl0 OTPAHUYMBAIOTCS KOHEYHBIM YHKCIOM YJIEHOB U
MOJIy4aloT MPU OTOM TPHUOIMKEHHWE (QYHKIMHA TPUTOHOMETPUUECKUM
MHOTOYJICHOM.

Jlerko yOeauthcsi, urto KO3GGUIMEHTH Takoro psga dDypee
onpenensitorcst GopmMyiamu:

1 2
aO = jf(x)dxa
P 1
—p
1
2 2! nx
a, =— j f(x)sin2n == dx,
P 1 p
—p

2
bnz2 I f(x)cos2nﬂdx, (n=1,2,K).
P 1 P

2

Bo wmHormx cnydasx mpencrtaBiseT HHTepec, kKorma psg Dypwe
CXODUTCS B OOBIYHOM CMBICJE, T.€. MOTOYEYHO, M KaKUM OOpa3oM OH
onmuchiBaeT (QYHKIUIO [ (x) Ha Takyro moctaHOBKYy BoIpoca B

3HAYUTENBHOM CTENEHU AAET OTBET cienyrouas reopema Hupuxie. Ilycts

1 1
f(x) ymoBmerBopser B uHTepBane (—5 p,E pj TaK Ha3bIBAEMbIM

yCIIoOBUsAM Jupuxie:

1 1
— HUHTEpBal (—5 p’E P | MOXHO pa3OUTh Ha KOHEYHOE YHCIIO

MHTEpPBAJIOB, B KOTOPHIX f (x) HempephIBHA U MOHOTOHHA;

— €CIM X, SBISETCS TOYKOW paspbiBa (QyHKIUU [ (x), TO
CYIIECTBYIOT f (xo +0) u f (xo —O). Torna psng dypbe QyHKIMH [ (x)
CXOJUTCS U UMEET MECTO
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lim{ao + Z(an sin2n 2 + b, cos ZREH =
n—> n=1 p p

f(x) ange f(x)iaioadnaia 4 x;
_Jf(x+0)+ f(x-0)
2

aidiocaili  néo+aa.

3anumeM psan Oypee B BUIE:

n=00 n=00
f(x)=ay+ > a,sinnox+> b, cosnox,

n=l1 n=l1

27
rme o=—.

p
[IpeacraBuM (pyHKIUIO exp(ix) B BUJIE CTEIIEHHOTO Psaa

exp(ix):1+ix+ii2x2 L N S LN v
2! 3! 41 n!

=[1——x2 +l'x4 —Kj+i(x—;x3 +$x5 —szcosxﬂ’sinx.

Takum o0pazom, exp(ix)=cosx+i sinx, T.e. MOJy4aeM H3BECTHYIO

dbopmyny Diinepa. [Ipu sTom
f(x)=a, + niog—” lexp(inox ) — exp(— inox)|+

n=1

+ nio%’ [exp(in(ox) + exp(— z'ncox)] =

=a, + nio {b” ;ia” exp(inwx) + O 2ia” exp(- inoax)}
n=1 lp
—q 2
aaa b 2la" L Jf(x)(cosn(ox—isin nox ) dx =
P % »
1
12
=— j £ (x)exp(- inwx)dx;
P % ,
1 1
b tia, 172 , ]2
L 5 L=— j £ (x)(cos nox +isin nox)dx = — If(x)exp(incox)dx.
P 1 P
_Ep —EP
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p

f(x)dx = a,.

N | =

IIpu n=0:

»—A'—.

1
p_f

2
W3mMeHuB 3HaK BETUYUHBI 71, T.€. 3aMEHUB 7 Ha — 1, U3 POPMYJIbI IJIs

b, +ia b, —ia
——7" noay4daem popMyiy s % A torpa

flx)= niOCn exp(inox), (6.15)
nzl—poo
rie C, _1 2J.f(x)exp(— inox )dx. (6.16)
P 1
P

[Iycte N —mnpocTpaHCTBEHHas 4actoTa (GYHKIMA (TrapMOHUK),

n
cocrapisronumx psan Pypee, npu 3toM N =—. EQUHUYHOE H3MEHECHUE

p
4acTOThl N OIPEAEITIUM PA3HOCTHIO
AN = ni+1 _ & — l
p PP
Torma

1
P

flx)= niog(N) exp(i2nNx)AN , tie g(N)= 2_1[ £ (x)exp(—i2mNx )dx .

n=—00 1
,P
[Tycts HEKOTOpas GyHKIMS | (x) 3a/laHa Ha BCEM BEIIECTBEHHOM OCH.

[Ipennonoxum, YTO HAC HUHTEPECYOT €€ 3HAuYeHUs B MHTEpBale
[0, X, + p]. TIpu 5ToM dyHKIIMIO f(X) Ha BCeit BElIECTBEHHOH OCH MOYXKHO

3aMEHHUTH I0CJIE0BATEILHOCTRIO €€ 3HAYEHUN B MHTEPBAJIE [xo, Xy + p] C
NEPUOAOM, PABHBIM p, T.€. MOXHO 3aMEHUTh (QyHKUUIO f (x)
COOTBETCTBYIOIIEH mepuoandeckoin ¢ynkmmet. Torga dyukmuio [ (x) B
VHTEpBaje [xo, Xy + p] MOXHO IpenctaButbh psagoM Dypee. BrosHe

OYEBUJHO, YTO B 3TOM ciyyae (QpyHKUMs, mpeacTaBieHHas psaom Dypbe,
BHE MHTEpBaTa [X,, X, + p| He Gyjer comamath ¢ ¢ymkmmeii f(x). s
HEJIOTro psiia 3a7a4 ObLTO OBl TOJIE3HO UMETHh BBIpAXKEHUE, TIOJJOOHOE PsTY
®dypre, npencrapistomee GyHKIUIO [ (x), 3aIaHHYI0 B MPOMEXKYTKE OT
—oo no oo. Ilpu stom Oynem cuutarh, 4TOo f (x) B JI0OOM KOHEYHOM
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UHTEpBaje MNOJUUHSETCA YCIOBUSIM Jlupuxiie u sBisieTca aOCOJIOTHO

UHTETPUPYEMOH, T.€. j ‘ f (x){ dx < 0.
—00
YtoObl pacnpoCTpaHUTh TMOJYYEHHOE BBIpAXKEHHE Ha Cciaydal
HEMEPUOJUYECKUX  (PYHKIMH, MOXHO YCTPEMHUTh NEpUOA p K

oeckoHeuHocT. OCHOBHOM HHTEpBaJl TOT/A CTAHOBUTCA OECKOHEYHO
1

6OJ'II>I_HI/IM, IIpu 3TOM BCINMYHMHY — MOXHO CYHUTATb OCCKOHEYHO MAaJIBIM
p
. 1
HN3MCHCHUCM TIIPOCTPAHCTBCHHOU YaCTOTHI N, T.6. —=dN. Tor/:[a
p

CyMMHUPOBaHUE OECKOHEYHO OOJIBIIIOr0 YUCIa KOJIEOAaHUN BCEX YacTOT OT
—00 JI0 o0, OMpelesieMOe MOJYYECHHBIM OECKOHEYHBIM PSIOM, MOXKHO
HpCI[CTaBI/ITB UHTErPaJIOM

j g(N exp zZan)dN (6.17)
IpU ATOM (byHKL[I/Iﬂ g(N ) ompeaensieTcs uepes f (x) dbopmyoit

= Tf(x)exp(— i27Nx )dx . (6.18)

—0o0

OTH COOTHOIIEHUS MOKHO npcacraBuTbL B BUIC!

=— _[g exp zoox dco (6.19)

H, COOTBCTCTBCHHO,

= T £ (x)exp(—icox)dx, (6.20)

1
rae 03=2n£, do=2n— 1pu p > .
p p
Bripaxxenue (6.19) M0OXXHO NpeICTaBUTh B BUJIE:

X)= \/;_n T \/;_n T £ (x)exp(~— iox)de |exp(icox)dm =

\/_ _[g o) expliox )do.
[Ipu sToM

§(o —%J‘f exp i(nx)dx.

—0o0
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Bripaxxenne (6.18) ompenenser mnpsiMmoe mnpeoOpazoBaHue Dypbe
bynkuun f (x) U 3aMK1CHIBACTCS B BUJIE:

F [f(x)] =g(N)= _[f(x)exp(— i21Nx )dx (6.21)
a oOpatHoe npeoOpazoBaHue Oypre 3aNIUCHIBACTCS B TAKOM BUJIE:
F '[g(V)]=f(x)= Ig(N) exp(i2nNx)dN . (6.22)

DTO0 BBEIpaXKCHUE MOKHO pacCMaTpHBaTh KakK MpeaAcTaBieHUEe (QYHKITUN
f (x) B BHJI€ JIMHEWMHOW KOMOMHaIMHU (T.e. MHTErpajsa) dJIEeMEHTapHBIX

GyHKIMA  XapaKTEpHOTO BHUIA exp(iZTENx). BriosiHe oueBUAHO, 4YTO
KomrtekcHoe uucio g(N) mnpencraBiaser coboif  TIPOCTO  BECOBOI

KO3 PUIIMEHT, HA KOTOPBIA CIEAYET YMHOXHUTH 3JIEMEHTAPHYIO (DYHKIIUIO
yacToTsl N TIpu cHHTe3e HcKoMoi yrkmn f(x).

[IpeobpazoBanue @Dypbe GYHKIMKA JBYX TNEPEMEHHBIX | (x, y)
ompenensiercs GopMynoi Buaa:

Flf(xp)]=gWN,.N,)=

= ij(x, y)exp[— i2n(Nxx + Nyy)] dxdy,

pu 3ToM 00patHoe npeoOpa3zoBanre Oypre 3anuchIBaeTCs B BUJE:

F g, N, )|= (6 )=

= T [gv,, N, Jexplizn(v x + N, y)|dv,dn, .

(6.23)

(6.24)

3ameTuM, 4YTO IS JIF0OOM Taphl 4acToT (Nx, N y) dbyHKIUA
exp i2n(Nxx + Nyy)] =1 mnpm i2n(Nxx + Nyy)z i2nn, TAE 7N — UEJI0e

n

n
X+— =XI1g0+ y,, TOC 1ga = — s Yo = -
y y Ny Ny

Hanpagienue, TnepneHOUKYISIpHOE K OTOW JIMHUM, ONPEIACIIUTCS

X X

ygucio. [Ipu atom y = —

I
OYCBHUIHBIM YpPaBHCHHEM BHAA: Y = xtg(oc + E) +yo =xtg0+y,, rIe

N
g0 =——= Fy Orcroma cnexyer, uro N, =N,igb. Ilpu ostom

X

Nx+N,y=Nx+N, yigb= Nxe (xcos®+ ysin®). IToBepuéM cucTemy
cos
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KOOPJMHAT X0y BOKPYI Hadaja KOOpPJAMHAT B IIOJIOKEHHE Xx'0)' B
COOTBETCTBUU C YPABHEHUEM

x) cos0—sin 0 x’
% | sin® cosO V' '

IIpu 3TOM
: ~ N :
exp[zZrc(Nxx + Nyy) = exp[zZn xG (xcos@ + ysin 6)} =
oS
_ . Nx ’ 2 r.: r a2 1o _
= exp zZn—e x'cos”0—y'sinBcosO+ x'sin“ O+ )'sinBcosh || =
oS
= exp(i2nNx'),

N :
rme N=——,1e. N, =NcosB,a N, =N, igb=Nsin6.
cos0

YA

Puc.6.3. JInHum pasHon ¢asbl

Takum 00pa3oM, TOYHO Tak K€, KaK OJIHOMEPHOE, JIBYMEPHOE
npeodpazoBanne Dypbe MOXKHO paccMaTpUBaTh KaK MPEACTaBICHUE
bynkuun  f (x, y) B BHUJE JMHEHHONW KOMOMHAIIMU BJIEMEHTaAPHBIX

byHKIMA BHIA exp[iZR(Nxx+N y y)] , IPU 3TOM Kaxjaas 3JIeMEHTapHas

(GyHKIMS B IJIOCKOCTH X0y "HampaBlieHa" MO OTHOLIEHHUIO K OCH X TOJ

n
, =—, 1pHU 3TOM
Px Py

N =N f +N ; ; BelMuuMHa yraa O omnpexpensercd COOTHOLIEHHEM:

n
yriaoMm 0, kak nokasaHo Ha puc.6.3. 3gecb N, =—; N
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Ozarcth—y. [IpocTpaHCTBEHHBIN MEepUOJ (T.€. PACCTOSIHUE MEXKIY

X
JIMHUAMU paBHOﬁ (1)(:1351) MOXHO OINpCACINTb OYCBHAHBIM BbIPA)KCHUCM
BUaa:

_£_1_ 1

p=f-—= -
n N INI+N;

s pyHkimu, odnagaroiieil 0CeBoil CUMMETPUEH, YI00HO MEPENTH K
MOJIIPHOM CUCTEME KOOPIUHAT:

x'=r'cos@, y' =r'sing, npu atoM 7’ =+/x"> +y'* | tgp = L
x'
N,
N, =pcosy, N, =psiny, npu 9T0M p = 1/Nf +N , tgy _Fx
Torma F [(r, 9)]= g(p, 7).
02T
rae g p, _Hf r' (p exp[—zZrcr p(cosycoscp+smysm(p)]r 'dr'de.
00

N3 croiictBa oceBoil cumMmerpuu (QyHKIUH | (r', (p) CIEQYET, 4YTO
S, )= f(r'). Tpu otom
0 27
= j fryar Iexp[— i2nr'pcos(o—v)]de.

—0 0
Hcnone3ys ToxKAECTBO

1 21 '
Jola)=-— [expl-iacos(p-v)ldo,

Ty

rae Jo(a) — ¢yukuus  beccenss mepBoro poaa HyJIEBOTO TOpAJKa,
MOJIy4yaeM

glp,v)=g ZnIf o(2nr'p)rdr . (6.25)

[TonyuenHnoe Bmpa)KeHHe npeoOpazoBanusi Dypbe, uUrparoiiee
BAKHYIO pOJib B  PEIICHUM  ONTHUYECKUX  3aJay, Ha3bIBAeTCs
npeoOpazoBannem Dypbe-beccenss wnm, wuHavye, Mpeodpa3oBaHUEM
['ankens. IlyTéMm aHAIOTMYHBIX pACCYKACHUM MOXKHO IOKa3aTh, YTO
oOpatHoe npeoOpazoBanue Dypre PyHKINU g(p), oOJraaroiieit oceBoit

CHMMeTpHeﬁ, oHPCACIIACTCA BEIPAXKCHHUCM BHU 4.

S(r)=2n]g(pV,(2mr'p)pdp. (6.26)
0

197



CrnenoBarenbHO, a1 (PyHKIMHI, 0O0JagaloIIMX OCEBOM CUMMETpPHEH,
paznuuue MEXIy ACUCTBUSMH TPSMOTO M OOpaTHOTO TpeoOpa3oOBaHUS
dypbe OTCYTCTBYET, T.e. peoOpazoBanue [aHkens o0iiazaeT CBOHCTBOM
CUMMETPHH.

N3  ompenenenust  mpeoOpa3zoBaHus  Dypbe  BBITEKACT Pl
MaTEeMaTHYeCKUX CIICJICTBHIA, OOJIETYaIomnX HaxXxoxiaeHue (ypbe-oOpasa
(mHaue cmekTtpa Dypbe WIM YACTOTHOTO CHEKTpa). DTH CIACACTBUSA
MPUHATO (GOPMYITUPOBATH B BUJIE MATEMAaTHUECKUX TEOPEM.

1. Teopema JuHelHOCTH

F lof(x, v)+BF(x, y)]= oF [f(x, »)]+BF [F(x, y)].

2. Teopema nmoxooust
1 (N, N,
Ecmu F [ £(x, y)]:g(Nx, Ny), 10 F [ f(ax, by)|= ‘ab‘g |

Ortcroga cnenyet, yTo "pacTsikeHne" KoOpIUHAT B TPOCTPAHCTBEHHOM
obyactu (x, y) MPUBOAUT K '"CxKaTuio" KOOpJMHAT B 00JIACTH YacTOT

(N N y) Y K U3MEHEHUIO OOIIeH aMITUTY bl CIIEKTPA.
3. Teopema cmenieHust
Ecmu F [f(x, y)]= g(Nx, N, ), TO
F [f(x -a,y-— b)] = g(Nx, Ny )exp[— i2n(Nxa + Nyb)] )
T.e. cMmenieHue GYHKIMM B MPOCTPAHCTBEHHOM OOJIACTH BBI3BIBAET

JVMHENHBIN (a30BbIA CIBUT B 00JIACTH YACTOT.
4. Teopema IlapceBaJs

Ecmn F [£(x, y)]=g(N,, Ny), TO
[l Y dxd = [[lg(W,, N, ) dv,an,.

Teopemy IlapceBasnist OOBIYHO  HMHTEPHPETHPYIOT KaK  3aKOH
COXpPaHECHMUS.
5. Teopema cBEpTKH

Bemn F [/(x, y)]=gWV.. N, ). a F [F(x, )] = GV, N, ), o

Fl[[/EnFk-¢g - n)didn} — gV, N, )GV, V).
Ho:KaSaTeJ'IBCTBO

F _Of [rEenFi—¢ y- n)didn} =
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o0

- _T J D J £ (&P —&, y—)dedn |expl-i2n(N x + N,y lavdy =

= _T If(@, n){TIF(x S n)exp[— i27t(Nxx + Nyy)]dxdy}dﬁdn .

BBeném HOBBIE IEpEMEHHBIE ¢ =X —C U p=y —T.
ITpu sTOoM
exp[— i27t(Nxx + Nyy)] = exp[— i2n(Nx§ + Nyn)] X

X exp[— i27t(qu + Nyp)].
Tornma

F [(x.2)® F(x. y)]=_T [ £(& mexp[-i22(N,& + N, n)ldzdn

< [[F(g. p)exp[-2n(N,g+ N, p)ldgdp = 2N, ¥, Jo(,, N, )

T.e. mnpeoOpa3zoBaHue @Dypbe CBEPTKM ABYX (PYHKIUN MOJHOCTHIO
HSKBUBAJICHTHO Oo0jiee TMPOCTOM omepaluu yMHOXEHUS HUX 00pa3oB.
Teopema CBEPTKM M3BECTHA KaK Teopema bopens.

6. Teopema aBTOKOpPpeISIIIUN

Ecmu F [f(x, y)]= g(Nx, Ny), TO
Fl[[/En)s*(x—& y-n)iedn |=|e(v,. N, )"

DTy TeOopeMy MOXXHO pAacCMATPUBATh KAK YACTHBIM CIIydail TEOPEMBI
CBEPTKMU.

7. UaTerpajbHas teopema dypbe

Bo Bcex Toukax, rae GyHKuus f (x, y) HETIPEPHIBHA,

FE [/ »)]=F “F [1(x, »)]= (%, »),
T.€. B pe3yJIbTaTe MOCJIEA0BATEIILHOTO BBITIOJIHEHUS MPSMOTO U 00paTHOTO
npeoOpazoBanusi Dypbe HEKOTOpod GyHKIUU [ (x, y) MOJTy4aeTCA
npeoOpasyemMasi (yHKIMS 3a HCKIOUYEHUEM TOYeK paspbiBa. B kaxmoii
TOYKE pa3phiBa (YHKIUU JBa TOCIEIOBATEIBHBIX MPEOOpa3oBaHUs €&
JAIOT CpelHee 3HAYCHHE BeTMIHHbI f (X, y) B OKPECTHOCTH 3TOH TOUKH.

Teopembl npeoOpa3zoBanuss Dypbe ONpenesslOT OCHOBHBIEC IpaBUiia
BBINIOJIHEHMS TPEOOPA30BAHUI U MOTYT CYHIECTBEHHO YIIPOCTUTH PEILICHUE
3a/1a4, CBA3aHHBIX C UCIIOJIb30BaHUEM aHanu3a Dypsbe.
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B cooTrBercTBUUM C TeopeMoil CBEPTKU mpeoOpazoBaHue Dypbe
pacrpeliesieHns] OCBEIIEHHOCTH E(x’, y’), onpenensieMoro  Ghopmysoit

(6.13), paBHO TIpom3BeneHHI0 Mpeobpasosarmii Pypre OPT D(E, 1) u
pacmipeniesienust  ocBelEHHOCTH — Eo(x), y)) B MIeaIHM3MPOBAHHOM
HM300paKEHUM TIpeIMETa:
elN,,N,)=d(N,,N,)ey(N,.N,). (6.27)
®opmyna (6.27) ompenensieT MEXaHW3M OOpa30BaHUS M300PAKECHMUS:
KaXJIOW  COCTABJISIFOIIENM  MPOCTPAHCTBEHHOI'O  CHEKTpa eo(Nx,Ny)

pacnpenenieHdss OCBEIIEHHOCTH MNPU HIACATU3UPOBAHHOM H300paKEHUU
npeaMeTa COOTBETCTBYET KO3(DPUIIUEHT d(Nx,Ny), KOTOPBIA MOHO

Ha3BaTh ''MHOXUWTENEM Imepenadd’” wik '"MHOXWTElIeM KoHTpacTa'
onTUYecKou  cuctembl. Takum  oOpa3zoM,  QyHKIUS d(Nx,Ny),

XapaKTepU3YyIOIIasi COCTOSHUE KOPPEKIUM abeppaivii B H300pakeHUH,
00pa30BaHHOM ONTHYECKOW CUCTEMOM, MO CYTH Jieja BBIMNOJHAET POJIb
(buUnbTpa NPOCTPAHCTBEHHBIX YACTOT.

OyHKIUS d(Nx,Ny), onpejensionas To, KakuM o0pa3oM Kaxkjaas

4aCTOTHAsl COCTAaBJIAIOIIAs IEPENAETC ONTHUYECKOW CHUCTEMOM C Y4ETOM
IUpakuuy, OCTAaTOYHbIX alOeppauuidi M OMMOOK  HM3TOTOBJICHMS
ONTHYECKOW CHCTEMBI, Ha3bIBAETCS ONTHUYECKON MepenaTouyHoN PpyHKUIHEn
(OII®) cucremsl.

OIl®, spusromasicss npeodpazoBanuem Dypre DOPT, npencrasisiet
co00ii B oO0mIEM ciydae KOMIUIEKCHYIO (YHKIHIO, KOTOPYH) MOKHO
3anMcarh B MOKa3aTelbHON (opMe uepe3 MOAYJIb KOMIUIEKCHOW (pyHKIMU
T(N) u apryment o(N):

d(Nx, Ny): __[OJ D(x', y')exp[— i2n(Nxx' + Nyy')]dx'dy' = (6.28)

= T(Nx, Ny )exp[— i(p(Nx, Ny )]

B caywae ogHOMEpPHOro  pacnpeicicHuss  OCBEIIEHHOCTH B
UJICaTU3UPOBAHHOM HM300paXEHUU MpeaMeTa (I3TOT Cilydail 4aile BCero
BcTpeuaercs npu uamepenun OIID, korpa npeaMer mpeAcTaBiIsIeT cOOOi
PEMIETKY M3 NapajUieSIbHbIX  IITPUXOB, Y3Kyr Ienb U T.m.) OIID
CTAHOBUTCS (DYHKIIMEN OJHOTO aprymMeHTa — MPOCTPAHCTBEHHOM YacTOTHI
N, HanipuMep, BJOJIb OCH X’

d(N)= IDé (x")exp[-i2nNx']dx’ .

Ucnonb3ys hopMyny Disnepa, mosydaem
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ID cos27tNx'dx —i j D sm 2nNx'dx' = (6.29)

=C(N)- zS(N),
r7€ UHTErpalibl, 00o3HaueHHble 4Yepe3 C U S, HaA3BIBAIOTCS KOCHUHYC-

npeoOpa3oBaHMEM M CHUHYyC-IIpeoOpa3oBaHHEM (PYHKIMU pacCcesHUs
JTUHUH. MOI[YJII: KOMIUIEKCHOM (DYHKITMH MO OMPEEIICHUIO PaBEH

)=A[eW)] +[s(V))* =

2 (6.30)

\/{ [ D (x')cosZan'dx} { [D;(x")sin 2an'dx} :

a aprymenT @(N) MoxeT GbITh OTpeeéH 13 COOTHOIIEHHIA:
sin(N) = T(Ng (6.31)
coscp(N)z%. (6.32)

JIna nydinero MOHUMAaHus CMbIciaa Moy 1’ (N ) U apryMeHTa (p(N )

koMmiiekcHo OIl® paccmorpum Oomnee moapoOHO, Kak H300pakaeTcs
OTHEJIbHAsi YacTOTHAsi COCTAaBIISIOIIAS CIEKTpa UACATU3UPOBAHHOIO
M300paKeHUsT TpeaMeTa ONTUYECKOM CHCTeMOM, HMMEIOIIeH H3BECTHYIO
(yHKIHIO pacCcesiHus.

Ilycte  pacrmpenesieHue  OCBELIEHHOCTH B HUJICAIM3UPOBAHHOM
M300paXeHUM TmpeaMera (WM B €r0  YacTOTHOM  COCTaBJISIONICH)
OIIpENENsAeTCs KOCUHYCOMIOU C IIOCTOSHHOM COCTaBAMOLIEH FE,, Kak

NIOKa3aHo Ha puc.6.4a, mpu 3TOM
Ey(x')=E, + E, cos2nNx', (6.33)

~ 1
rae N — npOoCTpaHCTBEHHAS 4acTOTA; 3aMETUM, YTO NIEPUOA p = N

ITycts D, (Z‘;’) — (yHKIMS paccestHUus TMHUU.
Tornma

ID E)E,(x'—&')de = E, +El{cos2an ID "Ycos 2nNE'dE +

—00

+ sin 2tNx' ID )sin 2nNE'dE } E,[C(N)cos2mNx' +

—o0

+S(N)sin 2nNx'| = E, + E,T(N )[cos (N )cos 2nNx’ + sin o(N )sin 2tNx'].
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B pesynbrare noiayyaem, 4ro
E(x'")=E, + E,T(N)cos[2nNx' - o(N)] . (6.34)

Eo(x) A

<€
Ex) A

0)

y >
1 Ax’ X

Puc.6.4. PacnpeneneHne ocBeLWEHHOCTU B ngeannu3mpoBaHHOM a) "
JEeNCTBUTENbHOM él) n306paxxeHnsx

Otcroza cienyer, 4TO IMOJYYEHHOE pacCIpeneIICHHE OCBEIIEHHOCTH B
U300paXEHUU TpeaMeTa IMpU  KOCHHYCOMJAIBHOM  paclpelesieHUH
OCBEIIEHHOCTH B €ro HWJCAJIU3UPOBAHHOM HU300paXKEHUM OCTa&TcA
KOCHHYCOUJAJIIBHBIM M TOM K€ MPOCTPAHCTBEHHOM 4acTOThl. OJHAKo,
MOZYJISIUS, paBHAsl OTHOLICHUIO aMILIATYbI IEPEMEHHON COCTABIISIONIEH
pacrpesiefieHns] OCBEIIEHHOCTH K CpeaHeMy e€ 3HadeHuto (T.e. K
NOCTOSIHHOM  COCTAaBJSIOIIEW) Uil IOJYYEHHOI'O  pacHpeiesICHUs
OCBEILEHHOCTU OKAa3bIBACTCSI MEHBIIIE, YEM JUIsI UCXOAHOTO, KaK IOKa3aHo
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Ha puc.6.46. JlelicTBUTENbHO, IS WICATU3UPOBAHHOIO M300paxeHUs
uMeeM

— (6.35)
EO
a IIPU IEVCTBUTEIBLHOM PACIIPEICIICHUN OCBEIIEHHOCTH BEJINYMHA
m' = ﬂT(N), (6.36)
EO
re. T(N)=". (6.37)
m

Takum oOpazom, 3HaueHue monyis OIID, t.e. 3Hauenue T (N ), IS
KOKJIOM MPOCTPAHCTBEHHOM 4YacCTOThl PABHO OTHOILUECHUIO MOZYJISALIMU
pacnpenieleHlsl OCBEIIEHHOCTH B JIEUCTBUTEIBHOM M300paXKEHUH K
MOZYJISIIUMA ~ PACOPEACICHUSI OCBEIIEHHOCTH B  HJICATU3UPOBAHHOM
U300paKEHUM  TapMOHMYECKON  COCTaBIAIONIEH  COOTBETCTBYIOIIEH
4acTOThl M HasbiBaeTcs koddduimenroM nepenaun moayssinuu (KIIM)
cuctembl.  CoBokynmHocTh  3HaueHud  KIIM s pa3nmyHbIX
IPOCTPAHCTBEHHBIX YAaCTOT COCTABISICT (PYHKLHIO MEpeaadyd MOIYJIALNH
(®IIM) wiIM  YaCTOTHO-KOHTPACTHYHO)  XapaKTEPUCTUKY ONTHYECKOU
CUCTEMBI.

Pacnipenenenue OCBEMIEHHOCTH B JEUCTBUTEIBHOM H300paKe€HUU
OTJIMYAETCS OT PACIHpPENEICHUs] OCBEMIEHHOCTH B HWICaIU3UPOBAHHOM
U300pakeHUM emeé M CABUIOM KOCHMHYCOMABI Ha  yroi (p(N ),

OIIpCACIIAIOIINM JINHEHMHOE CMCHICHHUC KOCHHYCOMIbI Ha PacCTOAHHUC

Ax':%. CoBOKYMHOCTh 3HaueHU#N caBura (cmemieHus) (assl (p(N )
T

JUISL  Pa3UYHBIX MPOCTPAHCTBEHHBIX YACTOT COCTAaBIsACT (PYHKIIUIO
nepenaun ¢asnl (PIID) cucremsl. Kak crnenyer u3 BoipaxkeHuit (6.29)—
(6.32),ecit N =0, 710 T(0)=1,2 ¢(0)=0.

Ompeznenum KOHTpacT MI€aIM3UPOBAHHOIO M300paXKeHHs
BBIPAKCHHEM
! !
k= EO(X )max B EO(X )min (6 38)

EO (x,)max + EO (x,)min .
HO Eq(x')ax = Eo + Ey» 2 Ey(x')
HpI/I 9TOM KOHTpPACT I[GI‘/’ICTBI/ITGHBHOFO I/1306pa)KCHI/ISI paBCH

min
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' E(x,)max — E(x,)min

k' = =
E(x')max + E(x')min

_Ey+ET(N)-E,+ET(N)_E T(N) = mT(N) =

E,+ET(N)+E,-ET(N) E, '
Ortcrona cnegyer, 4To
r(v)=* ="

k m

Mpu k=1,1.e.ipu E, =E,, T(N)=k'=m’.
WTtak, = HOPMUPOBAHHOE  pacIpeleiicHHE  OCBEHIEHHOCTH B

U300paKEHUM  TOYEYHOrO  MmpeaMera, oOpa30BaHHOM  ONTHUYECKOU
cucTeMou, HasbiBaeTcsi (pyHkumeit paccesHuss touku (DPT). Jpyrumu
Ha3BaHUSIMU 3TOU K€ XAPAKTEPUCTUKU SIBIISIOTCS CIEIYIONINE: BHIXOAHOM
CUTHAJ UMITyJbCcHOrO THna, ¢yHkiusa ['puHa, audpakiyoHHas KapTUHA
O®paynropepa. OPT sBiusiercs oAaHONM U3 JBYX Haubojee TMOIHBIX
XapaKTePUCTUK, OMUCHIBAIONIUX KAYECTBO M300pa)KeHUsi, 00pa30BAHHOTO
omTHueckoif cucTemol. Pacmpenenenne ocpeménnoctd  E(x, )') B

M300paXEHUHU JIOO0r0 MpeIMeTa B MPUHIUIIE MOXKHO PaCCUUTATh KakK
CBEPCTKY  pacHpelesieHusT  OCBEIIEHHOCTM B HUJCAIU3UPOBAHHOM
u3obpaxkenuu npenmera, T.e. Ey(x',)'), n ®PT. IpakTHuecku xe s

T000r0  peajbHOro  MIpeAMETa, PpaclpelielieHue OCBEIIEHHOCTH B
UJICATTU3UPOBAHHOM H300pXKEHUU KOTOPOTO HEMPEPHIBHO, MMOJOOHBIM
pacu€Tr sBISETCS JOBOJBHO CIOXKHOM mpoueaypou. B To xe Bpems
OJIMHOYHBIE CBETSIIMECS TOYKU HIIM COBOKYIHOCTH TaKUX JIUCKPETHBIX
TOYEK YacTO SBIAIOTCS TOpeAMETaMu JUIsi ONTHUYECKUX CHCTEM,
MPUMEHSIEMBIX B  acTpOHOMHH, 4to npumaér @OPT He ToJbko
TEOPETUYECKOE 3HAUCHUE, HO U ONPEICIEHHBIN MPAKTUYECKUN CMBICIL.

Btopoii w3 naByx HauOosiee TMOJHBIX XapaKTepPUCTHK KauyecTBa
M300paKEHUS SIBJISIETCS KOMILJIEKCHAsI ONTHYECKasl iepegaTouHast PyHKIus
(OIl®), ynoOHast mjisl XapaKTEPUCTUKUM KAdeCTBA H300paKeHUs MpH
HEIIPEPHIBHOM PACIIPEACIICHUM OCBEIIEHHOCTH B HEM. MaTeMaTUYECKU
OPT un OIIdD B3amMo3aMeHSEMBI, TaK KaK Kakjas W3 HUX MOXKET OBITh
noyty4eHsl myTéM Dypbe-npeodpa3zoBaHus IPYyroiu.

[Ipumenenne OIID yaoOHO MOTOMY, YTO, BO-IIEPBBIX, IPOLIECCHI
dypse-npeodpasosanus dyskmun Ey(x', '), ymHOKeHusS ¢é Ha OIID 1

oOpatHoro dypbe-npeodpa3zoBaHus pe3ybTara s MOoTydeHus QyHKIUN
E (x', y') BBITIOJIHUTh TMPOIIE, YE€M OHKBUBAJICHTHYK) MaTEMAaTUYECKYIO

poIEeaypy CBEPTKH; BO-BTOPbIX, OIID s psna He3aBUCUMBIX (DaKTOPOB,
YXYIIIAIOMUX ~ KAa4eCTBO HM300paKE€HUs, MOTYT OBITh OOBEIUHEHBI
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MPOCTBIM WX TEPEMHOKCHHEM, B pe3yJbTaTe Yero MOJydaeTcsl IOJTHAsS
OIID uzobpakaroiieit CUCTEMBI.

6.2. CTtpykTypa M300paskeHHs] TOYEYHOIr0 NMpeaMera, 00pa30BaHHOIO
ONTHYECKON CUCTEMOH
6.2.1. DBBegeHve B OUMPaKUMOHHYIO Teoputo 0bpasoBaHUS
n3obparkeHus

IlepBoe ynomuHanue o AU(GPAKIIMOHHBIX SBJICHUSX CBETA MOSIBUIOCH
B pabote Jleonapno na Bunum (1452—1519). OgHako, BrepBbie OHU ObLIN
OMMCaHbl B KHUTE€ MOHaxa ue3yuTa, (pusuka u npodeccopa MaTeMaTUKU B
ne3yuTckou koyieruu B bomonbe, ®panuecko Mapuu ['pumanban (1618—
1663), onmy6nukoBanHOM B 1665 TOy CIyCTS JiBa roj/ia TIOCIE €ro CMEPTH.
[IponycTuB CKBO3b Maj€HBKOE OTBEPCTHE COJIHEUHBIH CBET B TEMHYIO
KOMHATY U MOMECTHMB B KOHMYECKHUM My4OK CBETa Ha JOBOJHHO OOJIBIIOM
PACCTOSIHUM OT OTBEPCTHUSI OOBIYHBIN CTEP)KEHb, HANPaBJsiA TEHb OT HETO
Ha Oeyr0 MOBEPXHOCTh 3KpaHa, ['pumanbau HaOMOad MO0 00€ CTOPOHBI
TEHU OJIHY, JIBE WJM TPU TOJIOCH (B 3aBUCUMOCTH OT CHJIBI CBETa),
KOTOphIE C Kpasi, OOpaméHHOTO K TEHU, ObUIM TOIyObIMH, a C
MIPOTUBOIIOJI0KHOTO — KPACHBIMH, MPH 3TOM MPH SIPKOM COJTHEYHOM CBETE
3aMEUYaJINCh IIBETHBIC IIOJIOCHI U B caMOM TEHU. Takoe CBOMCTBO CBETa
['pumanbau HazBan nudpaxiueid. 3aTeM OH MpoAesiall B CTAaBHE KOMHATHI
JIBa OTBEPCTHUA M MOJYYWJ HAa SKpaHe U300pa’KeHUsI HA TAKOM PACCTOSIHHH,
yTOOBl OHM OTYACTH TMOKPBIBAIM JIPYT Jpyra. B pesynbTare moayquinch
JBa TEMHBIX TEPECEKAIONIMXCS KOJblla BOKPYT KaXJIOr0 M3 CBETJIBIX
kpyroB. llosie mepecedyeHus: KoJiell OKa3alloCh TOpa3f0 CBETJIEE MoJiei
KQXJIOT0 KOJblIa B OTACIBHOCTH, MPU 3TOM Kpall KaXKJoro Kpyra KazaJcs
TEMHBIM Ha OCBEHIEHHOM ToJsie Jpyroro. M3 Bcex 3TUX SBJIEHUN, BMECTE
B3ATBIX, | pUManpIn BBIBEN CICIYIOUIEE 3aAKIFOUEHUE: OCBEHIEHHOE TEIIO
MOXXET CIENaThCsl TEMHEE, €CIM K TMOJYYEHHOMY UM CBETY MpUOaBUTCA
HOBOE KOJIMYECTBO CBeTa. TakuMm oO0pa3oM, OH TOYHO OIKMCHIBACT
pe3yJibTaT MHTEP(HEPEHIIUU CBETa, XOTS U HE OOBSICHSIET €ro0.

@.['pumanbau, 0e3 COMHEHHUS, JyMal O BOJHOOOpPAa3HOM JABMKEHUU
CBETAa. 3a4aTKU BOJHOBOW TEOPUU CBETA SICHO BBIPAXKEHBI B €T0 padoTe, IJie
on mucai: "[logoOHO ToMy, Kak BOKPYT KaMmHs, OpOIIEHHOTO B BOAY (Kak
BOKPYT IIEHTpa), 00pa3yroTcsi KpyroBble BO3BBIIIEHUS BOJAbI, TOYHO TaK K€
BOKpPYT TEHH HEMPO3PAuyHOro MpeaMeTa BO3HUKAIOT OJECTSIIUE MOJIOCHI,
KOTOpPbIE COOTBETCTBEHHO (POpME MOCIETHEr0 JIUOO PacipOCTPaHSIIOTCS B
JUTUHY, WU K€ u3rubarTcs ayroodpasHo. Jlanee, mogoOHO TOMY, Kak Te
KPYTOBbIE BOJHBI MPEACTABISIOT IPOCTOE CKOIUJIEHHWE BOJIbI, BOKPYT
KOTOPBIX C 00€UX CTOPOH TSHETCS YrIyOJieHHe, TaK U OJIECTSIINE MOJIOCHI
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CYyTh HE UTO MHOE, KaK CBET, paclpe/ieIEHHbI HEPAaBHOMEPHO BCIJICICTBUE
CHUJIBHOTO PACCESHUS U MPOPE3aHHBIN TEHEBBIMHA ITPOMEKYTKAMHU .

Paccyxnas o nserax, oH, HaIpuMep, BbICKA3bIBAET MHEHUE, UTO 1IBETA
JIOJIKHBI, TI0 BCEM BEPOSTHOCTH, OOYCIOBIMBATHCS PA3TUYHON CKOPOCTHIO
KOJeOaHUIl CBETOBOTO BEIIECTBA, MOJOOHO TOMY, KaK pas3IMYHBIE TOHBI
3aBUCSAT OT HEOJMHAKOBOM CKOpPOCTH KosieOaHuii Bosayxa. OH cuMTaer
[[BE€Ta COCTaBHBIMM 4YacCTSIMU CBETa, TMOSCHSS, YTO IIBE€TA MOTYT
CYIIECTBOBATh TOJIBKO B CAMOM CBETE M UTO TaK HA3bIBAEMbIE MCTUHHBIE,
WU TIOCTOSHHBIE, I[BETAa TEI 3aBHUCAT OT CHOCOOHOCTH TOCHEIHUX
OTpaKaTh MAJAIONIMII HAa HUX CBET C OCOOBIMHU BHJIOM3MEHEHUSIMH.
@.['puManbau 3aMETUII, UTO CBET, MPOUAS Yepe3 MPU3MY, paCCEUBAETCS U,
CIEeAOBATEIbHO, OJHA 4YacCTh CBETOBOIO Jyda MPEIOMIISIETCS CHUJIbHEE
apyroil. OTcrofa BBIBOJ: TaM, TJI€ CBET HaWMMeEHee MPEIOMJIEH, OH BCETO
Tylle U sipye, T.€. OKpalleH B KPacHBIM LIBET; B MECTE K€ HaWOOJIBILIETO
MPEJIOMIICHUSI OH 0oJiee pa3pspKEH U MOJIydaeT roiayOoyro uir GruoIeTOBYIO
okpacku. Xpuctuan [roitrenc (1629-1695), BnepBbie 000CHOBABIIMIA
BOJTHOBYIO TEOPHIO, OYEBUIHO, HE 3HaI 00 OTKpbiTuU @.I'pumanbau,
WHauye OH, HECOMHEHHO, COCJajCsi Obl HA HETO JJIsl MOJATBEPXKACHUSI CBOEH
TOYKH 3peHus. O BO3MOKHOCTH OOBSCHUTH SIBIICHUE AUPPAKIUUA B paMKax
BOJIHOBOW TEOpUM HUIJIE€ HE YIMOMHUHAETCA BILUIOTH 10 1818 roma, xoraa
nosiBuiics mpekpacHbeiii memyap OriocteHa Kana ®@penens (1788-1827),
rjae ObUIO TOKa3aHO, YTO SIBJEHHUE IU(PPAKIMM MOXKHO OOBSCHHUTH C
IIOMOIIBI0  IMOCTPOE€HMs  ['rolireHca W NPUMEHEHUs  IPUHLUIIA
unrepdepeniuu. [lozgnee I'ycraB Podept Kupxrod (1824—1887) mpunan
uccnenoBanusiM dOpenenst CTporo MareMaTU4eckoe 00OCHOBAHUE U C 3TOTO
BPEMEHU HA4yajoCh IIUPOKOE U3yUCHUE AUDPAKIUU.

[IpoGneMbl, BO3HUKAIOITUE TIPU U3YyUYCHUH TUDPAKIIMOHHBIX SIBJICHUH,
OTHOCATCS K Han0oJiee TPYAHBIM B ONTUKE U UX PEIKO YAAETCS JOBECTH 0
CTpOroro pemieHus. B OOJBIIMHCTBE K€ CiIy4yaeB, MPEICTABISIONINX
MPAKTUYECKUN MHTEPEC, U3-3a MAaTEMaTUUYECKUX TPYAHOCTEH MPUXOIUTCS
npuberath K MOpUOIMKEHHBIM METOJaM U TyT Teopusi [rolireHca u
@peHenst CIyKUT YPE3BHIUANHO MOIIHBIM MHCTPYMEHTOM, MO3BOJISIIOLIUM
pemuTh OOJBIIMHCTBO BOIPOCOB, BCTPEYAIOIIMXCS B MHCTPYMEHTAJIBHOMN
ONTHKE.

CornacHo noctpoenuto ['foiirenca Kaxayr TOYKY BOJHOBOTO (PpoHTa
MO>XHO CUMTATh IEHTPOM BTOPHUYHOI'O BO3MYIIEHHUS, KOTOPOE BBHI3BIBAET
AJIEMEHTAPHYIO C(PeprUecKy0 BOJHY, a BOJHOBOU (POHT B JIF000I Oosee
MO3IHUIT MOMEHT BpeMeHU — orubaromieid 3tux BoiaH. O.Dpenenp cMor
OOBSICHUTH siBIeHHE Aupakiuy, [OMOJIHUB mMocTpoeHue [roiirenca
YTBEPKJECHUEM, UYTO BTOPUYHBIC BOJHBI UHTEPPEPUPYIOT MEXKITY COOOI.
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OT0 coyeTaHue nocTpoeHus: [loireHca ¢ NpUHLMIOM HWHTepdepeHInn
Ha3bIBaeTCA npuHUUNOM [ roirenca-Openens.

Punc.6.5. [lnbpakumns Ha oTBEPCTUM B IKpaHe

PaccmoTpuM  KakoW-1MOO d2KpaH € OTBEPCTHUEM, uepe3 KOTOpoe
MPOXOJUT CBET OT TOUYEYHOIO MOHOXPOMATHYECKOTO MCTOYHHMKA F), Kak

Moka3aHo Ha puc.6.5. Pasmepsl oTBepCcTUs MHOTO OOJIbIIE JJIMHBI BOJIHBI
ceera. bynem mon A monumath 000 KoMIoHeHT BekTopoB E m H
AJIEKTPOMArHUTHOTO TIOJSI CBETOBOM BOJIHBI, OIyCKas IIpA 3TOM
MHOKUTEIb exp(— icot), OIPEIEIISAIONIAN 3aBUCUMOCTh OT BpeMeHHU. I1ycTh

TpeOyeTcs ONPEeeTUuTh CBETOBOE BO3MYIIIEHHE B Touke P . Bo3myiuenue B
expl(ikr, )
Touke () BOJHOBOIO (PPOHTA MOXKHO NMPEJCTABUTH B BUE A————, TJIE
"o
A — aMIIMTyJ]a CBETOBOIO BO3MYIIECHHUSI Ha PACCTOSHUM €IUHUIIBI JITTHHBI

27
OT UCTOYHHKA;, k :7 — BOJIHOBOE YHCJIO; A — JJIMHA BOJIHBI M3JIyYECHUS.

Pa3nenuM MBICIIEHHO MOBEPXHOCTh OTBEPCTHS HA DJIIEMEHTAPHBIE YYACTKH
wionaaplo dS, Maible IO CPaBHEHUIO C pa3MepamMH OTBEPCTHS, HO
OOJIBIIIKE TI0 CPABHEHUIO C JJIMHON BOJHBI. MOXKHO CUMTAaTh, UTO KaXIbIi
U3 JTUX YYACTKOB CaM CTAHOBUTCSA HMCTOYHUKOM CBETOBOW BOJIHBI,
pPacIpoCTpaHAoIIecs BO BCE CTOPOHBL. CBETOBOE BO3MYILEHUE du(P),
CO37aBa€MO€ 3JIEMEHTAPHBIM YUYaCTKOM dS B TOUke P, MponopuuoHaIbHO
aAMIUIUTY/IE€ CBETOBOI'O BO3MYILEHUSI B caMOM ydacTke dS (B Touke Q) u
OpOeKIMH  dS, IUIoIagku dS 3TOro ywyacTka Ha  INIOCKOCTb,
NEPIICHIUKYJSIPHYIO BEKTOPY K Jyda, mpumeamero u3 ICTOYHUKA CBETA B
dS , TOCKOJIbKY MMEHHO NPOEKIHs IUIOMIAIKU dS, ONpeAenseT CBETOBON
MYYOK JIy4el, MPOXOIAIMX U3 UCTOYHHKA Yepe3 TUIOAAKY d.S .

[Ipy BbIUMCIEHUMM BKJIaJa Yy4yacTka dS OTBEPCTUS B CBETOBOE
BO3MYILECHUE du(P) HEOOXOJIMMO yUYECTh MU3MEHEHMSI aMIUIUTYAbl U (ha3bl
BTOPUYHOMN BOJIHBI IIPU €€ pacnpocTpaHeHuu oT dS K P. DTo NpuUBOAMT K
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expl(iks)
MOSABNEHNIO B BBIpakeHHH 1 du(P) MHOKHUTENS ————2, Tae § —
s

paccrosinue ot dS 1o P. Takum oOpazom,
du(P) _ K((X)A eXp(iki’O) eXp(ikS) ds

7y s
rie  K(o) — HexoTopblii  K03DOUIMEHT HAKIOHA,  Y4HTHIBAIOLIMIA
3aBHCHUMOCTh aMIUIUTYAbl BTOPUYHBIX BOJIH OT yrida o  (4acTto
HA3bIBAEMOT0 YIJIOM AU(PPAKLIKN) MEKIY BEKTOpOM K U HampaBjieHUEM Ha
Touky HaOmoaeHus. Cnenysa OpeHento, TPEeAnoa0K UM, YTO KOIPHUIIMEHT
K (o) Makcumanen npu o, = 0, IUTaBHO y6GBIBAET C yBENHUYEHHEM yIia O. U

T
PaBCH HYJIIO IIpHU OLZE. Mmuorue MMPAKTHYCCKN BaXXHBIC 3ada4un

I[I/I(l)paKLII/II/I MOXHO PCIINTH IIPHU 3TUX BCCbMaA O6H_II/IX MMPECAIIOTOXKCHUAX
OTHOCHUTCIIBHO K(OL), HC YTOUHASA KOHKPETHOI'O BHJA €Iro 3aBUCUMOCTH OT

o. W, HakoHew, MPErosIoKUM, YTO B TOUKE P CKa3bIBae€TCs BIIMSHUE
TOJBKO TOW YacTU NEPBOHAYAIBHOW BOJIHBI, KOTOPAs HE 3aropa’kKUBAETCS
KaKMM-JIN0O MpEensATCTBUEM, Haxondmemcs mexny £, u P. Iloatomy

IIOJIHOC BOBMYIICHHUC B TOYKC P paBHO

u(P)= 4[| explikry) eXp(ikS)K(oc)dSn . (6.39)
S 7o S

®opmyna (6.39) ngaér MaTeMaTHUYECKOE BBIPAKEHUE MPUHIINAINA
['ronrenca-Openenst.  llpumenum €€ It ONPEACIEHUST CBETOBOIO
BO3MYIIIEHUS B TOUKE P 3a KPYIJIbIM OTBEPCTHUEM B DKPAHE.

s

Puc.6.6. MpuHumn NonreHca-dpeHens

byaem cumraTth, 4TO TOYEYHBIM MCTOYHUK F, W TOo4Yka P Jjexar Ha
MPSAMOM, MPOXOJAIIEH Yepe3 LEHTP OTBEPCTUS M MEPINECHANKYIIPHOU €ro
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IJIOCKOCTH, KaK TMOKa3aHO Ha puc.6.6. B kadecTBe BcnoMoraresibHON
MOBEPXHOCTH S BbIOEpEM YacTh cdepbl, MPOXOMSIIEH Yepe3 Kpas
OTBEPCTHS, PaJuyC KPUBU3HBI KOTOPOH paBEH 7, a LIEHTP €€ paclookKeH

B TOUKE UCTOYHHKA. CBETOBOE BO3MYILIEHUE B KAXKJON TOUKE MOBEPXHOCTH
S paBHO

u(0) = u, exp(ikr, ) = A4 explikr, ). (6.40)
"o
ITpu TOM BhIpakeHue (6.39) npuHUMaEeT BU/L;
Aexplikr, ) ¢ ¢ expliks)
u(P)= I K (0)dS . (6.41)
¥y S S

Jlist Toro, 4toObl HAWTH BEIWYUHY, OMPEICISIEMYIO IOJTYyYECHHBIM
BBIPAXKEHUEM, BOCIIOJIb3yEMCS TaK Ha3blBaeMbIMU 30Hamu Dpenens. s

ATOTO TMOCTPOMM BOKPYr TOUYKH P cdepbl ¢ paauycaMu, paBHBIMU

s:r,r+%,r+2%,r0+3%,1(,r+j%,K, rne r=0P, a O —Touka

nepecedyeHuss orpeska FyP co cdepoii (BOIHOBBIM (ppoHTOM) S, Kak
MoKa3zaHo Ha puc.6.7.

Puc.6.7. 3oHbl ®peHens

Ccdepsl mensT MOBEpXHOCTh S Ha LENbId psif 30H zj,z,,K,z,,K .
ITycTe 7, U r BEIMKHA IO CPAaBHEHUIO C JIIUMHOM BOIHBEL. Toraa MOXHO
IPEIOJIOKUTh, UTO B K000 30HE BennunHa K (OL) [IOCTOSIHHA U B 30HE j

paBHa K ;. VI3 pucyHka cienyer, 4To

s =17 +(ry + r)2 —27y(ry +7)cosO. (6.42)

HuddepeHuupys 3T0 ypaBHEHHE, MOJTydaeM
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sds = 1,(r, +7)sin 0d0.
[Ipu 3TOM IIOIIAF TOBEPXHOCTHU j -0Oif 30HBI paBHA
"o

ds; = 27y sin 0dO = 2n sds .

Ty +r
CrieoBarenbHO, BKJIAQJA j-OM 30HBI B CBETOBOE BO3MYLIECHHE B TOYKE
P pasen

) r+j—
u; (P)= ZnMKj J.exp(iks)ds =
7"0 +r A
r+(j—l)5
_ 2mi 4 explik(r, + r)]K | exp(ikj&) . exp(— ik&j
k Vo +7 / 2 2)]

Tak kak kA =27, MOCIEIHHUE JABA MHOXMUTENSI ITOTO BBIPAKECHUS
JIETKO MPUBECTH K BULY

exp(ikj %j{l _ exp(— i %ﬂ — explimg i - explim)] = 2(~ 1)’

B pesynprare nosyuaem, 4ro
u,(P)=20(-1y"'K, Aexplik(ry +r)] (6.43)

Fo +r

Ortcrona cienyer, 4To BKJIaJ j -0l 30HBI OTIMYAETCS OT BKJIaJa 000
Ipyroif 30HBI JHITh 3HAKOM M BENMYHHONW Kodpdumuenta K(a), T.e.
IJIOIAIM TOBEPXHOCTEN 30H DpeHensi paBHbI MKy COOOM.

3aMeTHM, 4YTO BKJIAABI CICAYIOIIUX JPYyr 3a APYrOM 30H HMEIOT

pasHbie 3Haku. Pesynbrupyromui 3pdekT B Touke P monydaercs
CYMMHUPOBAaHUEM BKJIAJOB OT BCEX 30H, T.€.

u(P)= 2 Aexplik(ry +r)] i(_ 1)j+1Kj. (6.44)

ry+r P

0O003HaUYUM

f(—l)f'“Kj —K, -K,+K;-K +(-1)""'K, =3.
j=1
[Tepenumem 3TOT psa B BUIIE

1 1 1 1 1
=—K +| =K, -K,+=K; |+| -K, - K, +—K. |+K_.
Z P 1 (2 1 2 2 3j (2 3 4 B SJ

[Ipeamnonoxum, 9To u3MeHEeHHe K03 dunmrernTa K 1Mo 30HaM TaKOBO,
4YTO
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| 1
sz >§K2j—l +§K

2j+1-
Tornma
1 1 N
Y <—K,+=K,, ecnu n Heu€THO;
2 2
1 1 N
Y <—K +=K, ,—K,, ecnu n 4étHo.
2 2
[IpeacTaBuM TOT K€ PSAI B BHIE

> =K, —11{2 —GKZ - K, +1K4j—(11<4 - K +%K6]—K :

2 2 2
B sTOM cityyae, MOCKOIBKY
1 1
1 1
2> K, _EKZ _EK"_I + K, ecni n HEYETHO;

2> K, —%Kz —%Kn, eciau n 4€THO.

3 IMOJIYYCHHBIX COOTHOIIICHUM CIcayceT, 4To

K, —le —lKn_1 +K, <2 <1K1 +1Kn, €cI 71 HeYETHO;

2 2 2 2

| 1 1 1 .
Ki—-—K,-——K,<>X<=-K, +=K, |, —K,, ecnmu n 4€THO.

2 2 2 2
[IpencTaBUM 3TH BBIpaKEHHS B BHIIE
1 1 1 1 1 1
—K+—K +—(K,-K,)-—(K, ,— K, )<>X<—K, +—K ;
7 1 7 n 2( 1 2) 2( n—1 n) 7 1 7 n
1 1 1 1 1 1
—K,——K,+—(K,-K,)-—(K, | -K,)<2<-K,—-=K,,.
7 1 7 n 2( 1 2) 2( n—1 ) 7 1 7

HOCKOJ’IBKy BelInMunHa K j MaJIO OTJIMYACTCA OT BCIMYHNH COCCAHUX

koo(uurentoB K, | u K |, TpHOIMKEHHO MOKHO CUHTATh, ITO

J+l»
> :%Kl +%Kn, €CJIU 71 HEUYETHO;
1 1 .
>=—K,——K,, ecimu n 4éTHo.
2 2

Jlerko OpoBEpUTH, YTO MOJYYECHHBIE COOTHOLICHUS OCTAIOTCS
CIPABEVTMBBIMU U B TOM CIIy4ae, €CIIM IPEINONI0XKNUTh, YTO K ; MEHbIIe

CpEIHET0 apu(PMETUYECKOT0 COCETHUX UJIEHOB. A TOra
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)Aexp[ik(l’o +7)] (6.45)
}"0 +r
WIIN

1
u(P)= > [ue,(P)+u, (P)]. (6.46)
JUid mocnenHe 30HBI z,, BUAMMOW u3 P, nuHusg QP CTaHOBUTCSA

. 1
KacaTelbHOW K BOJHOBOMY (POHTY, TpPH ITOM YIOJl oczin. ITo

npeanonoxenuro @Openens K, = K (% n) =0. Ilpu sTOM BBIpaKEHUE

(6.45) npyHUMAET BU/T
. Aexplik(ny +7)] 1
u(P)=i\kK, =—u,(P), (6.47)
ry+r 2
T.€. TOJHOE CBETOBOE BO3MYIIEHHE B TOUYKE P paBHSETCS IOJOBHHE

BO3MYIIICHUS, OOYCJIOBJIEHHOTO JIeMCTBUEM TNiepBOM 30HBL. OAHAKO, B
OTCYTCTBHE 3KpaHa C OTBEPCTHEM aHATIOTMYHO BhIpakeHUIo (6.40) umeem

u(P)= 4 explik(r, +r)]. (6.48)
Yo +7

Cormocrapsisi TipaBble 4acTu BhIpakeHui (6.47) u (6.48) momydaem
MK, =1, T.e.

exp(—in)
PO )

A A

LT
MHOXUTEIb CXp[—ZEJ MOZKHO O6’I)HCHI/ITI), CCJIN IIPCAIIOJIOKUTDL, YTO

BTOPUYHBIE BOJHBI OTCTAIOT 1O (ha3e Ha YETBEPTh MEPUOa OT NMEPBUUHOMN
BOJIHBL.

XopolIen WUIKOCTPAMEN, MOATBEPKIAOMECH MPUBECAEHHBIA METOJ
paccyxnaeHuss OpeHensi, MOXKET CIYKUThb OINBIT C 30HHOW IUIACTUHKOW.

: A
O6o3HaunM 7,sin@=R ,a s, =7+ nE Torna

2 2 2
552(7”4—11%} =r2+nrk+(n%) =p? 1+EK+(E&) ~r* +nrk;

r r2

2 2
cosO=+/1—sin’0 = l—R; zl—lR” )

2
¥y 27
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[loacTaBuB 3TH COOTHOLIEHUA B ypaBHEeHHUE (6.42), moydyaem
A

R ~ |n\ . (6.49)

n
Yo +7

PaccMoTpyM  TIACTMHKY,  COCTOSIIYK0 W3  TOCJIEA0BATEIHLHO
YepEeaYIONIUXCA MPO3PAYHBIX U HEMPO3PAYHBIX KOJEL, paguyChl KOTOPBIX
YAOBJIETBOPSIIOT COOTHOIIEHUIO (6.49). Eciu miacTUHKa MPUKPHIBAET BCE
YETHbIE 30HBI W OCTAaBUT CBOOOJHBIMM BCE HEUETHBIC, HayuHas C
LEHTPAJIbHOW, TO aMIUIMTYy/a CBETOBOTO BO3MYIIEHHUSA B TO4Yke P Oyaer
MPOMOPIHUOHATBHA

>=K +K;+K;+K +K,,,,+K.

B npoTuBHOM cilyyae aMIUIMTYJla CBETOBOTO BO3MYIIEHHUS B TOUKEe P
OyJleT MponopIMOHAIbHA

>=K,+K,+K +K,, +K..

OnBIT MOJHOCTHIO MOJATBEPKIAET TOT (DAKT, YTO 30HHAS TUIACTUHKA
®peHenst yBEJIMYMBAECT OCBEIIEHHOCTh B TOYKE P, JAEHCTBYS MOJ00HO

coOupaTebHOM JUH3E.

2
n

[TonoxxuB B BeIpakeHUU (6.49) oTHOIICHUE = f', mony4aem

T.€. 7, U 7 B3aMOCBS3aHbI COOTHOILIEHUEM, IT0JJOOHBIM (OPMYJIE OTPE3KOB
(6e3 yuéra MPUHATOrO NpaBHja 3HAKOB), a BEIMYMHA f' HIPaeT pOJib
¢okycnoro paccrosaus. Ilpum 7, =00, T.e. e€ciu Ha IUIACTHHKY IaJaeT
IUIOCKast BOJHA, TO ¥ = f.

B otnuuune oT AuH3BI 30HHAS IJIACTMHKA 00pa3yeT HE OJHO, a IEIYI0
MIOCJICIOBATCILHOCT, B HANPABJICHUM OCH H300paKCHUH HMCTOYHHUKA.
JICHCTBHUTENIHO, €CIIM CMECTUTh TOYKY HAOJIOJCHHS TaKuM 00pa3om,
qTOOBI B Mpeeinax KaKIO0TO TMPO3pavyHOTO KOJbIa 30HHOW IIJIACTHHKH
yKJIaJpIBaach HE OJHA, a TpHW 30HBI DpeHens, JACHCTBHE ABYX W3 HUX
OyZIeT B3aMMHO CKOMIICHCHPOBAHO, a aMIUIMTyJa KoJieOaHWW B TOYKE
HaOIr0IeHUsT OYIET ONPEAEIATHCS UL TPEThEW 30HOMU, MPU 3TOM BOJIHBI,
MPUXOJIAIINE B TOYKY HAOIIOJCHUS OT HECKOMIICHCHPOBAHHBIX 30H BCEX
KOJICIl TUIACTUHKHU, OCTAIOTCS CHH(A3HBIMH, T.C. aMIUIUTyAa KojicOaHWi B
CMEIIEHHON TOYKE HAOJIIONEHUS MMEET IOBLIIIEHHOE 3HaYeHue. Pa3HoCTE
¢da3 Mex1y BOJTHAMU OT HECKOMIIEHCHPOBAHHBIX 30H COCEIHUX KOJIEI] IPU
CMENIEHHON TOYKe HAOJIONCHUS YBEIWYUBACTCS B TPU pa3a, IMPH ITOM
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. 1 1 3
II0JI0KEHUE CMEIEHHON TOYKU OIPEIEIIUTCA COOTHOLIEHUEM — + — = —.

nono S
B oOmem cnyuyae, ecnu B Ipefeiiax KaXAOro KOJbla IUIACTUHKU
yKIIaapIBaeTcsl Jr00oe HeuéTtHoe uuciao 2n+1 30H @DpeHens, TO B
COOTBETCTBYIOIIIUX TOYKax OyJaeT HaONIOAaThCs TOBBIIICHHOE 3HAYCHUE
aMIUIMTYJbl CBETOBOTO BO3MYyIlEeHUA. [Ipy 3TOM MOJIOKEHUE TOYEK

HAOJII0ICHUS ONIPEACIISIETCS COOTHOIIICHUEM
1 1 2n+1 1

b
rO rn f, fn,

T.C. [, = S ,rne n=0,1,2,K ,
2n+1

KOTOpPO€ MOJKHO HCTOJIKOBaTh, KakK HAJIWYWE Y 30HHOW IUIACTHHKH
HIOCIIEIOBATENFHOCTH (MHOTHX) (DOKYCHBIX PACCTOSIHUH f .

Wtak, 3a 30HHOM IMJIACTUHKOW CO3MAETCS CIOKHOE BOJHOBOE MOJIE C
MHO>KECTBOM TOYEK TMOBBIIMIEHHOM OCBEIIEHHOCTH HAa OCEBOM JIMHHH.
Bo3HUKHOBEHHE MHOTHX HU300pa)XeHHl 00yCioBieHO audpakuueit
najialoIieii BOJHBI Ha CJIO)KHOM J3KpaHe, KOTOPBIM MpeacTaBisieT co0oit
30HHAas TUTACTUHKA.

[Ipu 3TOM cieayer UMeTh B BHAY, 4TO (POKYCHOE PacCTOSIHUE 30HHOU
IUTACTUHKA ~ OTNPENENAeTCS BEIUYMHON, OOpaTHO MpOMOPIMOHATHHOM
JUIMHE BOJIHBI, a, CJIEOBATEIbHO, TOJOXEHUE TOYEK IMOBBIIICHHOM
OCBEHIEHHOCTH 3aBUCUT OT JJIMHBI BOJHBI U3Iy4YeHHS, T.€. 30HHaA
IJACTUHKA 00JaJaeT 3HAYMTEJIbHOM XpoMaTHYecKonW abOeppamueii B
M300paKEHUU TOUKHU.

MoxxHO gocThub emi€ OOoJbllIel OCBEIIEHHOCTH B H300paKeHUU
TOYKH, €CJI HE TICPEKPHIBATh CBETOBYIO BOJIHY B TpeneiiaXx 4Y€THBIX 30H, a
COOOIINTH € B Mmpefenax 3TX 30H u3MeHenne ¢as Ha 1. Takyto pa3zoByro
30HHYIO IUJIACTUHKY BIEpPBBbIE M3TOTOBUI P.Byn, MOKPBIB CTEKIO TOHKUM
CJIOEM Jlaka W BBITPAaBUPOBAB Ha HEM 30HHYIO IUIACTUHKY TakK, 4YTO
ONTHYECKasl TOJIIMHA HEYETHBIX 30H OTJIMYANIACh OT TOJIIUHBI YETHBIX HA

BEIIMUUHY 57» :

6.2.2. IHTerpanbHas Teopema ['enbmrosnbua-Knpxroga

B 1882 roay uaee I'toiirenca-®Openens I'.Kupxrod npugan crporuit
MAaTEeMAaTUYECKU BHUJ W TMOKaszala, 4ro npuHium [roirenca-Openens
MOXHO CYUTaTh NPUONMKEHHON (POopMON OmnpeeNéHHON MHTErpaibHON
TeopeMbl. B 3TOM TeopeMe pemeHne OAHOPOAHOTO BOJHOBOIO YPaBHEHUS
B IPOU3BOJIbHOM TOYKE MOJISI BBIPAXKACTCA 4YEpe3 3HAYEHHUS HCKOMOU
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BEJIMYMHBI U €€ INEPBOM IIPOM3BOJHONW BO BCEX TOYKAX MPOU3BOJIbHOM
3aMKHYTOU IIOBEPXHOCTH, OKPYIKAIOIIEN ITY TOUKY.

MaxkcBemn nokasaj, 4To B OAHOPOJHOM cpexe B 00nacTsaxX, TIIe
OTCYTCTBYIOT 3apsJibl U TOKH, JIFOOOW U3 I€KaPTOBBIX KOMIIOHEHTOB u(r, t)

BEKTOPOB 3iekTpuueckor E wmnm marautHOM H HanmpssKEHHOCTEM MOJIS
YIAOBIIETBOPSIOT OAHOPOJHOMY BOJIHOBOMY YPaBHEHUIO

2
vy —%%:0, (6.50)
rae V' — CKOpoCTh pacupOCTPAaHEHUS BOJHBI, } = E, ¢ — CKOpPOCTb CBETa B

n

2
BaKyyMe; n — IOKa3aTelb MIpeloMiIeHus: cpeabl; V- — nuddepeHunaib-
HBIU oreparop Jlamaca:

0> 9> &’
+ +—.
ot oyt ozt
ITycTp r(x, Vv, z) — paanyc-BEKTOp  HEKOTOpou Toukun P, a

VZ=A=

S(Sx, Sy, Sz) — CIUHUYHBIN BEKTOP C (I)I/IKCI/IpOBaHHBIM HaIlpaBJICHUCM. HpI/I

TOM Jt000€ penieHue ypaBHeHus (6.50) B Bujge u = u(r-s, t) omnpeaeseT

IUIOCKYI0 BOJIHY, TaK KakK B KaXKJbli MOMEHT BPEMEHHM BEJIMYMHA U
MOCTOSIHHA B IUIOCKOCTSX I -S = const, KOTOPbIE MEPHEHANKYISIPHBI K
eAMHUYHOMY BeKkTopy s. OOmiee pemienue ypaBHeHus (6.50) MokHO
3anucarh B BUJIE:

u=u(r-s—Vt)+u,(r-s+Vt), (6.51)
IZ€ U; U U, — IPOU3BOJIbHBIE (DYHKIUU.

Ecnu 1aH ToueuHbIM HCTOYHUK U3ITYyUYCHHS, U3Ty4aloUIi paBHOMEPHO
BO BCEX HAIPABJICHUAX (T.€. U30TPOIHBIN), TO aMILUIUTYAy BOJHBI 3TOrO
UCTOYHUKA B CBOOOJHOM IPOCTPAHCTBE HA PACCTOSHUU 7' OT MCTOYHHKA
MO>KHO OIIPEJEIUTH BBIPAXKEHUEM

u=u(r,t), (6.52)

rae =) =x? + 2 + 22

0O orod xoO
Hcrons3ys COOTHOMEHUS — = —— = ——
ox oOxor vror

ﬁ_i(fﬁ)_liﬂﬂﬁ(lﬁj_

ox> ox\ror) ror ox or\ r or

10,88 Po_#F 1 £,
ror r*orr ror o’ r P lor 7

MOJy4aeM
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o*u  20u
=t
or’  ror
C npyrou CTOpOHBI
0° a( Guj ou ou O  Ou _ou
—(ur)z— u+ =—+—+r—=r—+2—.

Vu

2 r— 2 2
or or or or oOr or or or
CorocTaBJisis MpaBble YacTH MOJYYCHHBIX BRIPAKCHHH, HMEEM
2
» 107(ru
vy - L0lm)
r or

[Ipu 3TOM BosTHOBOE ypaBHeHUE (6.50) MpuHUMaET BU:
o (ru) 1 0*(ru)
SR 5~ =0. (6.53)
or Ve ot
3ameTuM, 4yTO ypaBHeHUe (6.53) coBMaaaeT C BOJHOBBIM YpaBHEHUEM
(6.50), ecnut 0IHY M3 KOOPJIMHATHBIX OCEM COBMECTUTH C HAIIPaBJICHUEM 7,
a BEJIWYMHY u 3aMeHUTh Ha ru. ClieoBaTeNbHO, PEIICHUE YpPaBHEHUS
(6.53) M0okHO cpa3y ke Hanmucath B BUjE BbipaxkeHus (6.51), T.e.
ul\r=re) u,r+Vvt
U= 1( )+ 2( ), (654)
r r
TZ€ U; U U, — MO-IIPEKHEMY NTPOU3BOJIbHBIE (QYHKIIUH.

B mpaBoii yactu paBeHcTBa (6.54) MEpBBIM YI€H MPEICTABISET
c(epuUECKyI0 BOJHY, PacXOJSLIyIOCS OT Hayajga KOOpPJAWHAT, a BTOPOM —
chepruuecKyr0 BOJHY, CXOISIIYIOCS K Haudally KOOpJAMHAT, MPUYEM
CKOPOCTb paclpoCTpaHeHHsI 00EHX BOJIH paBHaA V.

Bun ¢yHKIMM © 3aBUCUT OT MPUPOABI MCTOYHUKA H3NIydeHUs. B
cllyya€  MOHOXpPOMATHMYECKOM  BOJHBI  (YHKOUS  u  SIBJISETCA
CUHYCOUJATBLHON WM KOCUHYCOUAIBHOM (hYHKITMEH, HapUMED, B BUJIE:

u(r, t) =L cos[k(r —vt)+ 0], (6.55)
r

27
TI€ a — HOJOKHUTEJIbHAsI MOCTOSIHHAs, k =7 — BOJIHOBOE 4YHCIO;, O —

¢da3oBbI yTOI.
OYHKIHIO # B CIy4yae MOHOXPOMAaTHYECKOW BOJHBI MOXKHO 3aIlMCaTh
B KOMIUICKCHOU popme:

ul(r, t)zéexpi(kr—cot), (6.56)
r

rae A=aexpif; w=kV — yrioBas 4acTOTa BOJHBI.

Crnemyer OTMETUTB, YTO €CIIM JBE Pa3IMUHbIe (DYHKIIUH U SBISIOTCS
peuieHueM ypaBHeHus (6.50), TO B COOTBETCTBHUM C IIPUHIUIIOM
CYNEPIO3UIINH PEIICHUEM SIBISETCS U X CyMMa.

216



Ilycte cBETOBOE BO3MYyLIEHHE B TOYKE P B MOMEHT BpPEMEHU !
OMHUCHIBACTCS CKaJApHOW  (DYHKITUEH u(P, t). B cnyuae numHEWHO

HOJIIPU30BAHHBIX BOJIH MOXXHO CUMTaTh, YTO 3Ta (YHKUHUS ONPEIEIISIeT
HaNpPsHKEHHOCTDh DJIEKTPUYECKOr0 WJIIM MArHUTHOTO moJier. PasBépHyroe
BBIPAKEHUE IS TIOJISI MOHOXPOMATUYECKON BOJIHBI MOXKHO NPEICTABUTH B
BHJIE:

u(P,t)=U(P)exp(—iwt), (6.57)
rne U(P)— xommaekcHas (YHKIHS KOOpIMHAT (MHOTAA HA3bIBAEMAs
dbazopom);

U(P)=U,(P)expl-ip(P)],
rae U, (P) u (p(P) — COOTBETCTBEHHO AMIUIMTYAA U ()a3a BOJHBI B TOYKE
P.

Ecnu QyHKIMSA CBETOBOrO BO3MYILICHHUS u(P, t) OIMKCHIBAET CBETOBYIO
BOJIHY, TO B KaXJIOM TOUYKE, IJIe HET UCTOYHUKOB M3JIyYEHUs, OHA JTOJKHA
YAOBJIETBOPSTh CKAISIPHOMY BOJIHOBOMY ypaBHEHUIO (6.50), ipu 3TOM 11
OMMCAHUSI CBETOBOIO BO3MYILEHHS B TOYKE P J0CTaTOYHO KOMILIEKCHOU
byukun U (P), TaK KaK 3aBUCUMOCTb U OT BPEMEHHU MU3BECTHA 3apaHEE.

N3 BeIpaxenus (6.57) HAX0UM, 4YTO

V2u(P, t)=exp(—iot)V*U(P).

Huddepenumpys Boipakenue (6.57), monydaem

% = —iooU(P)exp(— icot);
2
0 1’;(:2)7 t) — izsz(P)eXp(_ l(DZ) = —sz(P)eXp(— l(Df)

[ToncraBuB 3TH cOOTHOWEHMA B ypaBHeHue (6.50), momydaem
2
exp(—iot )V*U(P)+ %U(P)exp(— iot)=0.

Ortcrona cnegyer, 4To
V2U(P)+k*U(P)=0,

21 vV o .
rne k=—=21—=—; V —4acToTa KoJIcOaHHH.
A Vv V

910 BBIPAKCHUC MOKHO 3allMCATb B BUJIC:

2 2
(V> +#*Ju =o0. (6.58)
KommnekcHas aMIUIUTYyJa JIF0O00Tr0 CBETOBOTO MOHOXPOMATHYCCKOI'O

BO3MYILIEHUS, PACIPOCTPAHSIONIETOCS B CBOOOJHOM IPOCTPAHCTBE,
JOJDKHA yAOBJIETBOPATh ypaBHEHUIO (6.58). KomrmuiekcHyro (yHKIHIO
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CBETOBOTr0 Bo3MyIieHUsI U B BRIOpAHHOM TOYKE MPOCTPAHCTBA ONPEICIUM
IIPYU TIOMOIIM COOTHOIIIEHUS, Ha3bIBAEMOTO TeOpemMou [ puHa.

B Teopuu nosig cripaBemsiuBhI caeayromye (HOpMyIibl, 3aMEHSIOIINE
TPOMHOW UHTETPajl JBOWHBIM:

— dopmyna i rpagueHTa

[gradf dv = fds; (6.59)

v S

— (hopmyna st auBeprenuu (Teopema Octporpaackoro-I'aycca)
[divAdV = [A-aS, (6.60)
4 S

rae dS=ndS; n — eIMHUYHBIA BEKTOP BHEIIHEH HOpMalu K IUIOLIAJKE

ds .
B cooTBeTCTBUM C ONpENEICHUEM IUBEPTEHIIUN HAXO0AUM

div(fA)= a(gfx) LouA,) a(sa.)

oy 0z
04
_ s aAX+ y+8Az +Axg+A QJFAZ@: (6.61)
ox oy Oz ox oy 0z
= fdivA + Agradf .

[lycth S — 3aMKHyTasi MOBEPXHOCTh, OTPAHUUUBAIOIIAS 00BEM V' ; p U
g — IBe CKajsipHble QyHKIMHU TOUYKU M . 3aMeHUB B BbIpaxkeHuu (6.61) f
Ha p,a A Ha gradq, nomydaem

div ( p gradq) = pAq + gradq gradp . (6.62)

[ToncraBuB B BeipaxkeHue (6.60) BMecTo BeKTOpa A BEKTOp p gradq,
C y4€TOM BhIpakeHus (6.62) monyyaem

f( pAq + gradq gradp)dV = _[ pgradq ds .

4 S
MeHnss ponu yHKUUNA p U g, UMEEM

j(qu + gradq qmdp)d V= J q gradp ds .
4 s
Beruutas mocnenHee BBIpOKEHHWE U3  TPEABIAYIICTO, MOJIydaeM

dbopmyny ['puna B BujeE:

I(pAq —qAp)dV = I(p gradq —q gradp)ds . (6.63)
v s
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Puc.6.8. K BbiBOOY Teopembl ['puHa

I[lyctb V' —00bEM, OrpaHMYECHHBIM MTPOU3BOJBHOM 3aMKHYTOMH
MOBEPXHOCThIO S, a P — Kakasg-HUOYAb TOUYKA BHYTPH HET0, KaK MTOKa3aHO
Ha puc.6.8, mpu 3TOM B MPOCTPAHCTBE, OTPAHUUYECHHOM MOBEPXHOCTHIO S,
HET MCTOYHUKOB cBeTa. [IpeAmnonoxkum, YTO KOMIUIEKCHAas (PYyHKIUS
CBETOBOI'0 MOHOXPOMATHYECKOr0 BO3MYIIEHHS U HMMEET HENpPEpHIBHBIC
YaCTHBIC MPOU3BOAHBIE IEPBOTO W BTOPOTO TMOPSAKOB BHYTPHU 3TOTO
o0béMa u Ha mnoBepxHoctH S. Eciu G —mobas npyrag QyHKUUA,
YAOBJIETBOPSIONIAs TAKUM K€ TPEOOBAHUSIM HEMPEPHIBHOCTHU, Kak U U , TO
B COOTBETCTBUM C TEOpeMOU | puHa nmeem

[[[ov*6-6v2u)ay =[] (Ua—G—Ga—UJdS, (6.64)
7 3 on on
rac — O3Ha4YacT YaCTHYIO IMPOU3BOJIHYIO B KaH(HOﬁ TOYKC IIOBCPXHOCTHU

on
S, B3ATYI0 [0 HOPMAJIM, UAYIIEH BHYTPh MPOCTPAHCTBA, OrPAHUYEHHOIO
noBepXHOCThIO S. ONHaKO, TONBKO TIPU OCTOPOKHOM BHIOOpE TakK
Ha3piBaeMor (yHkuu ['puHa G ¥ 3aMKHYTO# MOBEPXHOCTH S TEOpeMy
MO>KHO HETIOCPEACTBEHHO MPUMEHUTH K PEIICHUIO TU(PPaKIIMOHHBIX 3a]1ay.

B paccmarpuBaemoM ciydae 3ajiadya COCTOUT B TOM, YTOOBI BBIPAa3UTh
CBETOBOE BO3MYIILIEHHE B TOUKE P 4epe3 ero 3HaueHUsl Ha MOBEPXHOCTH S .
Jns pemenus stod 3amauu, cienys Kupxrody, ucmoibdyeM TeopeMy
I'puna u BbiOepeM B kadecTtBe GyHKIMU G chepuuecKkyro BOIHY
CAMHUYHOW AaMIUTMTYIbl, T.€. TakK Ha3bpiBaeMyr (Qyskiuto ['puna
cBoOOIHOTO TpocTpancTBa. [Ipu stom mist pyHkiuu G B MPOU3BOJIBHOU
TOYKEe () TOBEPXHOCTH S HMMEEM

G(0)= M, (6.65)
S
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r7e yepe3 s 0003HauYeHO MEPEMEHHOE PACCTOSIHUE OT TOYKH P J0 TOYKH
Q. Opnaxo, B Touke P ¢yukuus (6.65) obpaiiaercsi B 06CKOHEUHOCTD, a,

CIIEOBATENIbHO, HE YJOBJIETBOPSET TPEOOBAaHUIO HENPEPHIBHOCTU U
mupdepentpyeMoctu. g TOro, YTo0bl UCKITIOUUTH TOUKY P 13 00nacTtu
UHTETPUPOBAHUA, OKpYXMM €€ HeOospmiol cdepoll S, pamuyca € H

npuMEHUM Teopemy ['puHa, mpuuéM HMHTETpUpOBaHUE OyJeM BECTH IO
00BéMy V', 3aKiIFOU€HHOMY MEXIY IMOBEpXHOCTSIMH S H S,, TaK 4TO

MOBEPXHOCTbIO ~ MHTETPUPOBAHUS  OyAE€T COCTaBHasg  IOBEPXHOCTH
S'=8§5+S,, xak mokazano Ha pwuc.6.8. 3amerum, 4TO "BHYTpEHHsA"

HOpMaJdb K COCTaBHOM TIIOBEPXHOCTH  HampaBlieHa BHYTpb (B
OOIIETIPUHATOM CMBICIIC) Ha TIOBEPXHOCTH S W HApy)Xy Ha MOBEPXHOCTH
(mo HampaBlieHHIO OT Toukd P). Buyrpum o0béma V' cBeToBOE

Bo3mylieHue (G, MpeNCcTaBisioniee co0O0M cxonasmyrocs B Touke P
chepruUuecKyIo BOJIHY, YAOBJIETBOPSAET ypaBHEHHIO [ €IbMrobIiia B BUIE

(V2 +£*)G =0. (6.66)
Hcnonb3ys o6e 3ammcu ypaBHeHM [ enbMrosbiia, T.e. ypaBHEHUS
(6.58) u (6.66), nmpeobpazyeM JieByro YacTb GpopmyJibl [ puHa K BUAY:

[ [0v2G-6vu)av = [[(uGK* ~uGk)av =o.

[Ipu 3TOM BBIpaxkeHnue (6.64) npuHUMAET BUA:

j”(U——G de 0

501041

oU oG _oU
”(U——G n)dS——”(UE—Gande. (6.67)

[IpuMenuB  BbIpakeHue (6.65) Ui TPOU3BOJIBHONW TOYKH Ha
HOBEPXHOCTH S, MoJyyaem

06(Q) _9G(Q)as _ \ m 5)2CQ)_
on _6S on ’ Os
=cos(n, s)| ik °xp Lgiks) - eX]i (Ziks)} = (6.68)

b

=cos(n, s)| ik —ljm
s s

rae cos(n, s) — KOCUHYC yIJla MEXJy HamnpaBJICHUEM HOPMald N U
BEKTOPOM §, COCIUHAOIIUM TOUKU Pu Q. [I1s TOUKU HA TOBEPXHOCTU S,
UMeeEM cos(n, s) =1, npu 3TOM

220



explike 0 . explike
G(0)= P{E ),a %iQ):KZk_éj Pi )

Ecmu BenwumHa € CTpPEMUTCS K HYJIO, TO B CUJIY HEMPEPBIBHOCTH
bynkunu U u e€ mpOor3BOJAHBIX MOKHO 3aMHUCaTh, 4YTO

”(U——G > st_
- 472 {U(P)(ik - 1) cxplike) _ explike) oU(P )}.

€ € € on
[Ipu sToM
: oU
lim j | (U— -G— de =—4nU(P).
8—)0 on

HonyquHLm pe3ym>TaT MO3BOJISIET MIPEACTABUTH BhIpakeHue (6.67)

j | { [e"p lks)} - {e"pﬁiks)} aaln] }dS. (6.69)

910 BmpameHHe, MU3BECTHOE I10/1 Ha3bIBAHUEM MHTETPAJIbHON TEOPEMBI
['enpMronpsua-Kupxroda, urpaer BakHYIO pOJb B CKAJISIPHOM Teopuu
IUpakuuy, MOCKOJIbKY MO3BOJIAET BBIPA3UTh MOJE B JII0OOH TOuke P
yepe3 "TpaHUyYHbIE 3HAYEHU" BOJIHBI HA JIIOOOM 3aMKHYTOM MOBEPXHOCTH,
OKPY’KAIOIIEU ITY TOUKY.

6.2.3. Teopua gndpakumm Kupxroda

|/ N
AN

I

I

I

|

I

I

I

I

I

I

I /
PO I /

N e

~ -

Punc.6.9. [indppakumnsa ceeta Ha OTBEPCTUN B HENPO3PaAYHOM IKpaHe

PaccmorpuM 3amauy o audpakimd Ha OTBEPCTUUM B OECKOHEUHOM
Hernpo3padHoM 3kpaHe. [lycTh cBeToBas BOJHA MMaJaeT clieBa Ha dKpaH C
OTBEpPCTHEM, KaK IMOKa3aHo Ha puc.6.9. Heobxonumo paccuurtarh mojie B
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Touke P B mpocTpaHcTBe crmpaBa oT orBepctus. Crneays Kupxrody,
BO3bMEM 3aMKHYTYIO TMOBEPXHOCTh S TakuM 00pa3oM, 4YTOOBI OHa
cocTosyia M3 JBYX 4acted: S, m S,, Kak Ioka3aHo Ha pucyHke. [lycts

IUIOCKas TOBEPXHOCTh S, Jexalas cpasdy e 3a JU(ppardupyroiuM
9KPAHOM, 3aMBbIKA€TCsl OOJIBIINM CHEPUUECKUM KOJIIIAKoM S, paaunyca R ¢
LEHTPOM B paccMmarpuBaeMoil Touke P. [lonHast 3aMKHyTasi HOBEpXHOCTh
S mpexacraBisieT co0OMl MPOCTO CyMMy S, m S,. IlpumeHus
uHTerpaibHyto TeopeMy ['enbmronsua-Kupxropa B dopme (6.69),
HOJIy4yaeM

oU
TCMZ(U——G > )ds, (6.70)
exp(iks)

rae, Kak u npexnae, G =
S

Oyukiua G B TOYKAX HAa IOBEPXHOCTH S, OIpEAeIsaeTcs

BBIpa)KeHI/IeM
G= % . (6.71)

3amMeTuM, 4TO C YBEJIMYEHUEM paccTosiHug R 3HaueHue GyHkuuu G
Ha IOBEPXHOCTH S, yMeHblaercs. OQHako, ClelyeT UMETh B BHIY, YTO

IJIOIIA b MHTETPUPOBAHUS MPU 3TOM BO3PACTACT MPOMOPIHOHAIBHO R,
Hccnenyem BKJIaag UMHTErpUpOBaHMS IO IOBEpXHOCcTH S, Ooiee
00CTOATEIIHLHO.

B paccmarpuBaeMoM ciiydae B COOTBETCTBHM C BbIpaxkeHHeM (6.68)
uMeeM

96 _ cos(n, R)(ik - l) —exp(ikR) = (l - ik] —exp(ikR) = (l - ikJG :
R R R R

on R
ITpu 3TOM
oG _oU ou
| I(U—— G de ”K——szU—E}GR dQ,

rae Q — TEJIECHBI yTOJI C BEPIIMHOW B TOYKEe P, CTATMBAaeMbIi
IIOBEPXHOCTBIO S, . Benmmunba RG = exp(ikR) PaBHOMEPHO OTpAaHUYEHA HA

NOBEPXHOCTU S,. [ToaToMy nosHbIil nHTErpan no S, OyAeT CTPEMUTHCA K
HYJIIO TI0O Mepe CTpeMyIeHUsI R K OECKOHEYHOCTH MPHU YCIOBHUH, YTO

lim R (i—szU—a—U =0
R— R 57/1
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PaBHOMEPHO BO BCEM TEJIECHOM yIJIe. DTO YCIOBHE HA3bIBAETCS YCIOBHEM
3ommepdenbaa s U3ydeHHUs.

[Tokaxem, 4TO cxondmascs cgepudeckas BOJHA (MM JIMHEHHAas
KOMOMHAIUS CPEpUUYECKUX BOJIH), ONPEAEIIAIONIAs CBETOBOE BO3MYIICHHE
B TOYKE P, yIOBJIETBOPSAET 3TOMY YCIOBHUIO. JUI1 3TOr0 MpEeaIOIOKHUM,
4TO BCE HMCTOYHHKHM CBETa S, S;,,S;,K Jexar B KOHEUHOU 00IacTH
npocTtpaHcTBa. OKpYKHUM 3Ty 00JIaCTh 3aMKHYTOW IIOBEPXHOCTBIO S5 , KaK

MoKa3zaHo Ha puc.6.10.

S

Puc.6.10. K gokasatenbctBy ycnosusa 3ommepdensaa

IlycTp TOuka P HaXOOUTCA B IPOCTPAHCTBE BHE IOBEPXHOCTH Sy
OnumeM u3 TOYkM P Kak u3 1eHtpa cdepy HACTOIBKO OOJIBIIEro
pannyca, 4yTOObl OHa LEIMKOM OKpy)Kajla NOBEpXHOCTh Sy . Torma B
IPOCTPAHCTBE MEXAY IOBEPXHOCTSIMH S M S,y He OyAeT MCTOYHHMKOB
CBETa, a MOATOMY MOXHO JJisi BhIUMCIeHUs U (P) MIPUMEHUTH (HOpMYyITy

(6.69) B BI/II[G'
oU
j | (U——G : )ds.

TCS +S n

Jloxaxkem, 4yTo MHTErpan mno chepe S crpeMHUTCs K HYIIO, KOrja e€
paguyc CTPEMHUTCS K OCCKOHEYHOCTH. J[JIT 3TOro HeoOXOAMMO J0Ka3aTh,
4TO cOOr01aeTcs ycinopue 3ommepdenbaa.

IIpennosioskum, 4TO B MPOCTPAHCTBE, OTPAHUYECHHOM ITOBEPXHOCTHIO
S.s, HAXONWUTCA OJIMH WM HECKOJBKO TOYEYHBIX HCTOYHUKOB CBETA!
S, S,,8;,K . Torga mosne 3TuX MCTOYHUKOB Ha IIOBEPXHOCTU S MOXKHO
MPEJICTAaBUTh B BUJIE

U _ ZC eXp(lka)

m ,

m
rac C,  — IIOCTOSIHHBIC KOD HIIMCHTHI.
m
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Ecmu pu 3TOM 7 cTpeMuTcsa K o, TO U ¥, CTPEMHTCS K 00, OJHAKO,
pa3HOCTb 7, —7 OyAET OCTABATHCS KOHEYHOI.
IIpencraBum cBeroBoe Bo3MylueHue U B BHUIE:
U=YcC exp(ik(r+a,)) exp(ikr)Z A,
m

b

r+a, r 1+ a4y
”
rae A, = C, exp(ika, ) — HOBBIE TIOCTOSHHbIE.
ITpu sTOoM
oU oUor oU oUr oU oU
=~ =" gradrm=-—"—-n=-—cos(n-r)=——=
on Or on Or or r or or
explikr) explikr) A, explikr) A4,a,
=-| ik . 2 )3 a3 2 2 =
r 1 + . r (1 + amj
r r

_ _(ik 1 jU _explikr) 5 A,a,

3 2
r r
(%)
r
[Ipu r = R numeem

lim R (l—ik)U—a—U =
R— R on

Orcroga cienyer, 4To €CiId HEKOTOPBIM YYAaCTOK INOBEPXHOCTH S
yaansercss B 06CKOHEYHOCTh, TO MHTETpaJl MO 3TOMY YYaCTKY MOBEPXHOCTH
CTPEMUTCA K HYJIIO.

YcrpanuB, Takum o0pa3om, B BeipaxkeHUU (6.70) MHTErpupoOBaHUE 110
IOBEPXHOCTH S,, BO3MYIICHHME B TOYKE P MOXXHO BBIPAa3UTh 4epes
(yHKIHMIO CBETOBOIO BO3MYIIEHHUS WU €€ NPOU3BOAHYIO MO HOPMAJIH,
B3ITblE  Ha  OECKOHEYHOM  INIOCKOCTH S|,  PAacloN0XeHHOU
HEIOCPEICTBEHHO 32 3KPaHOM, T.€.
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j | (U—— G andS. (6.72)
on

9KpaH HEC Hp03paqu BC3C, KPOMC OTKPBITOI'O OTBCPCTHA, KOTOPOC Ha

puc.6.9 obosznaueno udepe3 X. Ilosromy Kupxrod mnpunsn ciemyroriue
HHTYUTHUBHBIC IIPCAITIOJIOKCHUA:

U
1. Ha otBepcTumn X pacmnpezenenue nois U u ero mpou3BoIHAS F
n

UMEIOT TOYHO TaKHe K€ 3HAaueHHWs, KaKhue€ OHU HMEJNH Obl B OTCYTCTBUE
JKpaHa.
2. Ha 1Ol wacTM NOBEPXHOCTH S;, KOTOpas JEKUT B O0O0JACTH

FCOMeTpI/I‘IeCKOﬁ TCHHU 3KpaHa, pPacClupcACIICHHUC IIO0JIA U wu ero

U
IIPOU3BOJHAA a— TOXKICCTBCHHO PAaBHBI HYIJIIO.
n

DOTH yCJIOBUS W3BECTHBI II0JI Ha3BaHWEM TPAHWUYHBIX YCIIOBHUI
Kupxroda. [Ipunss 3ty ycioBus, BeipaxkeHue (6.72) MOXKHO 3amucath B
BHJIE:

j | ( ——GandS. (6.73)
on

FpaHI/IqHLIe ycinoBus Kupxroda 3HAYUTETBHO YIPOIIAIOT pPEIICHUE
3amaun. TeMm He MeHee, CIeayeT MOMHHUTh, YTO HU OJHO U3 HUX HE MOXKET
OBITh a0COIOTHO crpaBeMIMBLIM. OHAKO, €CIU pa3Mepbl OTBEPCTHUS
BEJIUKW IO CPAaBHEHUIO C JIJIMHOW BOJIHBI, TO IOJYy4YaeMbI€ PE3yJIbTaThl
XOPOIIO COTJIACYIOTCS C PE3yJIbTaTaMu AKCIIEPUMEHTA.

Cnenyer oOpaTuTh BHUMAHUE HA TO, YTO PACCTOSIHUE § OT OTBEPCTHS
JI0 TOYKH HaOJIOJeHHUS OOBIYHO BO MHOT'O pa3 OOJIbIIE JJIMHBI BOJIHBI, a,

1
cienoBarenbHo, k>>—. Ilpu »sToM BbIpaxkeHnue (6.68) MOXKHO
s

npeoOpa3oBaTh K BUAY:
GG_(Q) = cos(n, s)(ik - l)M ~ ik cos(n, S)M.
s s

on s
[ToncraBuB 3TO TPUONMKEHHOE BBIpaKEHHE M BhIpakeHue (6.65) B
BBIpakeHue (6.73), moinydaem

U(P)= ﬁ (] M{iw cos(n, s)—‘z—ﬂds. (6.74)
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Puc.6.11. K BoiBOAy AndopakumnoHHomn dpopmysbl PpeHena-Kupxroda

Tenepp Npeanonoxum, 4To Ha OTBEPCTHE NafaeT chepuyeckas BOJIHA
Aexplikr)
u(Q)="—="-=

UCXOAsIIasi U3 OAMHOYHOTO TOYEYHOTO HCTOYHHKA, PACIIOIOKEHHOTO B
TOYKe [ Ha paccTOsAHMM » OT TOYKH (), KaK IOKa3aHo Ha puc.6.11. Ecnu

b

pacCTOAHHUC ¥ BO MHOI'O pa3 OopIIe JJINHBI BOJIHBI, TO

%—U ~ ik cos(n, r)—A explik) .
n

[1pu 5TOM BhIpaxkenue (6.74) npuHUMAET BU/I;
U(P)= A [l expldksJexp (lkr)[cos(n, s)—cos(n, r)|dS
4m s s

WIIN
U(P)= A “ explik(s +r) [cos(n, r)—cos(n, s)]dS . (6.75)
2iN 5 S
OTO BbIpakeHHE HasbIBaeTcs AUGpakuMOHHON (popmynoin Dpenens-
Kupxroda.

BriosiHe 0o4eBUIIHO, YTO BMECTO IUIOCKOM MOBEPXHOCTH X MOYKHO
BBIOpATh JIFOOYIO JIPYTYI0 HE3aMKHYTYIO MOBEPXHOCTb, TPAHUIIBI KOTOPOM
COBIIAZAIOT C KpaeM OTBEPCTUA. B 4aCTHOCTH, IIpU KPYTJION anepType U B
Claydae, KOorjga TOuka P pacnonoKeHa Ha OCH amepTypbl, B KadyeCTBE
MOBEPXHOCTH X yAOOHO B3ATh 4acThb Cepbl L , KOHIEHTPUYHON TOUKe F),

onpeesIoeh Majarnuil BOTHOBON GpoHT. B 3TOM ciiyyae paccTosiHue
r OylIeT TOCTOSHHOW BEJIMYMHOMN, a yToj (n, r) BCErja paBeH HYIIO.

Kpowme Toro, yron (n, s) paBeH yriy T — o, KaKk OKa3aHo Ha puc.6.12.
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Puc.6.12. Chepuydeckuinn BosiHOBOM (PPOHT Ha OTBEPCTMM B MIIOCKOM 3KpaHe

[Ipu 3TOM BBIpaxkenue (6.75) ynpoinaercs 1 NpUHUMAET BUJL:

1 4 ik k.
U(P)=— expls r)“ expl( S)(l +cosa)ds .
2i\ r v s

DTOT pe3yJibTaT HAXOJUTCA B corjiacuu ¢ (POpMyJMPOBKON MPUHIUIIA
['tolirenca-dpenens, eciii BKIAJO0M OT dJIEeMEHTa dS BOJHOBOrO (PpoHTa
L cuurtath CBETOBOE BO3MYIIICHHUE

dU(P)= - i Aexplikr) expliks)
2\

N3 conocTaBnenus ¢ BeipaxeHnuem (6.41) Haxoaum, 4To KO3PHUITUEHT
HaKJIOHA, purypupytomuii B reopun Openens, paBeH

K(a)= _ZZ_K(I +cosa).

(1+cosa)ds .

o i
Jlns uenTpanpHOM 30HBI o.=0, mpu stoM K, =K(0)= R 9TO

. . T

COTJIACYETCA C BEJIMYMHOU, TonydeHHou DpeneneM. OnHako, pu o :5
T I 1

nonydyaem K 5 = _ﬁ :EKI, T.e. TPEINOJOXKEHHEe O TOM, UYTO

K (gj =0, HEBEpHO.

Bo3sBpaiasice cHoBa k audpakinuonHoud Qopmyne (6.75) dpenensi-
Kupxroda, orMeTuM, 4TO OHa CHMMETPUYHA OTHOCUTEILHO MCTOYHHUKA U
TOYKA HaAOMIOJCHWS. OITO O3HAYaeT, YTO TOYCYHBIM HCTOYHUK,
HaxozsAmmuca B P, mpousBoaur B £, Takoe XKe [IEUCTBUE, KAaKOE

IIPONU3BONII OBl B TOUKE P TOYE€YHBIN MCTOYHHK paBHOﬁ HMHTCHCUBHOCTHU,
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IOMEIIEHHBIM B TOUYKY F). DTOT BBIBOJ HHOIJA HA3bIBAlOT TEOPEMOU
B3aMMHOCTH (WJIM T€opeMoi oOpaTuMocTh) ['eapMrosbIia.

6.2.4. lnppakumns dpayHropepa n dpeHens
|

Puc.6.13. udpakums Ha OTBEPCTUM B NITOCKOM 3KpaHe

[lyctb  MOHOXpOMaTWuyeckass BOJHA, H3Iydaemas TOYEYHBIM
UCTOYHUKOM F), IPOXOAUT CKBO3b OTBEPCTHE B IJIOCKOM HENPO3PAYHOM

JKpaHe, Kak MOKa3aHo Ha puc.6.13. byaeM cuurtaTh, 4TO JMHEUHBIE
pa3sMepbl OTBEPCTHSI BEJIMKHU IO CPABHEHUIO C JJIMHOM BOJIHBI CBETA, HO
MaJjibl 110 CPaBHEHUIO C PACCTOSHUAMU OT TOYEK F) M P 10 miuockoctu

’KpaHa. B cooTBeTcTBUU C PUCYHKOM paccrossHue FyQJ =r, a pacCTOsSHHE
QP = s. OnpenenuM CBETOBOE BO3MYLIEHUE B HEKOTOPOM Touke P crpasa
OT 3KpaHa. [y 3Toro odparumcs BHOBb K JU(DPAKIIMOHHOMY HHTETpaly
Openens-Kupxroda

U(P)=- ;i ” eXp[ﬂ:f: +5)) [cos(n, r)—cos(n, s)]dS . (6.76)

BenuunnHa » +5 B mpoliecce MHTETPUPOBaHUs Oy/IeT BeCbMa 3aMETHO
U3MEHATHCS (Ha MHOTO JJIMH BOJIH) M TMO3TOMY BEJIMYMHA exp[ik(r+s)]

Oyzet ObICTpO ocLILIMpoBaTh. Kpome Toro, ecinu pacctostHust OT Touek F

U P 10 »KpaHa BEJIUMKU MO CPAaBHEHHUIO C JIMHEHMHBIMH pazMepamu
OTBEPCTHS, TO MHOXHUTEIb [cos(n,r)—cos(n,s)] U3MEHSIETCS  TI0
OTBEPCTHUIO HE3HAYUTEIIHHO.

Bo3pMéM 3a Havano JE€KapTOBOM CHCTEMBI KOOpJAMHAT TOYKY O
orBepcTus, a ocu Ox u Oy BbIOEpEM B IIOCKOCTH OTBEpCcTUs. bynem
CUUTaTh, 4YTO OChb (Jz HampaBlieHa B CTOPOHY IOJYIPOCTPAHCTBA, B
KOTOPOM HaxXOJUTCS paccMaTpuBaeMas Touka P . [lanee, mpeamnomnaras, 4To
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yIibl, oOpa3zoBanHble JuHUAMH O u OP c nunueil FyP, He CIUIIKOM
BEJINKH, MOKHO 3aMEHHTh JTOT MHOMHUTEIb Ha 2C0SO, TOE O — yroi

. 1
MeXAy JMHUEeW FyP 1 HOpMaiblO K 3KpaHy. U, HaKOHeL, MHOXUTENb —
rs
1
MOKHO 3aMEHUTb MHOXMWTEIEM ——, TJ€ 7, U §, — PACCTOSHUSA OT TOYEK
7S
050

Fy, m P po navama kxoopauHar. IIpm stom ypaBHenue (6.76) MOXKHO

npcacraBuTh B BUAC!

U(P)z_%coséi

[ [ explik(r+s)]ds . (6.77)
050

Mycts  (x,, v,2,) u (x,y,z) —xoopoumarel Touek P, u P
COOTBETCTBEHHO, a (&, 1)) — KOOPAMHATHI TOUKH ) OTBEPCTHS.

Torna

= (x = &) + (v —n) + 2,

s?=(x=E) +(y-m) +27,

Ty =Xg + Vo + 20

s =x>+y*+z7.

(6.78)

(6.79)

Ucnonb3yst cootHomienuss (6.79), ypaBuenus (6.78) MOXKHO
IIPEICTaBUTH B BHJIC:

r = ”02 —2(xo§+yon)+§2 +n2,

6.80
S2=s§—2(x§+yn)+§2+n2. (6.80)
OTcroga HaXoaUM, 4TO
2 .2
r=r, 1_2xo§+2)’on+§ +2n :
"o 7o
— (6.81)
5= 1_2x§+2yn+§ 4‘211 .
So So

Ecny nuneinble pa3Mepbl OTBEPCTUS B OKPAHE MaJlbl 110 CPABHEHUIO €
IUIMHOM OTPE3KOB 7, M S,; TO IIpaBble 4acTU BbIpakeHHH (6.81) MOXKHO

En <&

Ppa3JIOKUTL B CTCIICHHBIC PAALI 110 —, —, — W —. HpI/I 9TOM IOJYYUM
rn ry S S
0 "0 0 0
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o, _Xetyn &4’ (Etyn) o
’ ¥y 27, 275 ’
& (6.82)
oo XEtym Eam’ (Eeym)
! o 2s, 253

[TomyyeHHBIE  COOTHOIIEHUS  MO3BOJISIIOT  BbIpakeHue  (6.77)
MPEACTAaBUTh B BUJIC:

U(P)=- W“SA“M*“+%]Uammfamwwm (653)
A Y50
__X&+yn _ xS+ yn £€+n’ &40’
e f(&” n) 7 S " 27 " 2s
, 0 , 0 0 0 (6.84)
_(xoé“‘J’on) _(X<’%+yn) +K
253 253 .
0 0

OG603HAYNM TIEpBBIE J[BA HATPABJIMIONINX KocuHyca depes (I, m,) u
(I,m), e

0-x, X x-0 x
IO = =—, I = =—,
Yy Yy So S
. (6.85)
my=0"Yo_ Yo, y=0_y
"o "o So So
J
[1pu 3TOM BhIpaxkenue (6.84) MOXHO Mepenucarb B BUJIE:
(1 1
e~y [ L i)
o (6.86)

o So

_ (Zog + mon)2 _ (l‘i + mn)z } K

Nrak, 3amada ompeneneHus CBETOBOrO BO3MYIIEHUS B TOYke P
CBeJIach K BBIUMCIICHUIO UHTErpaia (6.83). Pacnpenenenre MNHTEHCUBHOCTH
(ocBem€HHOCTH) B JUQPPAKIIMOHHON KapTHUHE OINPENeNsaeTcsl KBaJIpaToM
MOy IS CBETOBOI'0 BO3MYILEHHS U(P). CnenosaresnsHo,
HKCIIOHEHIIUAJIbHBIM MHOXKHUTEIb MEPEl MHTErPajioM HUKAKOrO BIUSHUS HA
pacripe/ieiecHue HUHTEHCUBHOCTH B  AUGPAKIMOHHOM KapTHUHE HE
OKa3bIBAET, MOCKOJIbKY IO MOAYJIIO PaBEH €IUHUIIE.
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Breruucnenne unTerpana (6.83) CyIiecCTBEHHO YMNPOCTUTCS, €CIU B
BbIpaxkeHun (6.86) mpeHeOpeub KBaJIpaTUYHBIMU YJIEHAMH W YJIEHAMHU
0ojiee BBICOKMX TIOPAJIKOB OTHOCHTENbHO & u 1. B 3Tom ciyuae

Tu(dpakiuo, ONUChiBaeMyto HHTerpaioM (6.83), Ha3bIBalOT Au(pakiuueil
®payHrodepa. Ecinu xe KBagpaTUUHBIMU WiIEHAMHU NPEHEOpEUYb HEJb3s, —
To nudpakuueit dpenens. CTporo roBopsi, WIEHbI BTOPOro u 0Oosee
BBICOKHX IOPSIIKOB OOpaIarTcsi B HOJb TOJBKO B TOM IPEAECIBHOM
cllydae, KOrga %, —>o U §, —> 0, T.e. KOrJa M HCTOYHUK, U TOYKa

HAOJIIOZIEHUS PACIIOIOKEHBI B 0€CKOHEUHOCTH. [Ipu 3TOM Hag0 TONMyCTUTB,

A y
qTO OTHOHICHHMC —— B pacCMAaTpuBacMoM CJlIydac PaBHO KOHCYHOU

oS0
ly, my, 1y l =

BCIIMYUHC.

\.N
\ \.§
=
\

N
\
AR B BRE

AR\ VR \ DR\ TR\ TR\

S |\\\\\\
ARARIRLRARARN
VRN
\ Y\ VA Y
TN

Q
~

Puc.6.14. CpaBHeHne aByx cnyyvaem gudpakumm ®payHrogepa

Ha puc.6.14a my4yok ngydeii oT 6€CKOHEYHO YJaNEHHOW TOYKU IMaaeT
Ha OTBEpCTHE B HANPABICHUHU, ONPEACIIEMOM HAlpPaBIAIOLINMHU
KOCUHYCaMH [y, m, n,. MOXHO cunuTaTh, 4TO Iu(pakuusd, HaOIogaemas B

HampaBjeHuu [,m,n B O4YEeHb YJAIEHHOM TOuke P, BO3HUKIA B

pe3ynbTaTe CyNepHO3UIMU TUIOCKUX BOJIH, HCXOASAIINX U3 KaXIOW TOUKH
OTBEPCTHsI B OTOM HaIMpaBlIecHWH. Takue BOJHBI (HE CYIIECTBYIOIIUE B
paMKax TeOMETPHUYECKON ONTHKH) MOKHO Ha3BaTh IU(parupoBaHHBIMU
BOJTHAMH, @ COOTBETCTBYIOIINE BOJHOBBIE HOPMAIH — AU(PAaripOBaHHBIMU
ayuyamu. Ecnu temeps 3a 9KpaHOM MOMECTHTH XOPOIIO KOPPETHPOBAHHBINA
00BEKTHB, KaK MOKa3aHO Ha puc.6.140, To Bech CBET, TU(PparupoBaHHBIN B
HanpaBJICHUU (l, m, n), cobepércs B Touke P’ B (pOKaIbHOH ILUIOCKOCTH

oObekTHBa. Tak Kak JJIMHBI ONTHUYECKUX MyTeH BCEX JIydeH, MPUXOISIINX
B Touky P’ ot BomHOBOro (poHTa AU(PArdpOBAHHOTO IMydYKa JIydeH,

231



paBHbBI, TO, MO CYTU Jella, UHTepPepeHIMOHHbIe 3(P(DEKTH OCTAIOTCA
TaKUMHU JK€, KaK M JUIsl HMCXOAHOTO HANpAaBICHHS IIy4yka Jy4ded NpH
YCIOBHHM, YTO OOBEKTHB JOCTAaTOYHO BEJIHMK, YTOObI HE BHOCHUTH
JOTOJIHUTEIbHON U paKinu.

B BeIpaxkenuu (6.86) umeem

(lo& -+ mon)” = I5E7 + 2Uomon+ mgn”* =

= (5 -+ )& 4107 )= (m =) < (1 + 3 )2+
M, COOTBETCTBEHHO, (/& + mn)2 < (lz +m’ )(2‘;2 + nz).

B GONBIIMHCTBE NpPAaKTHUECKM BAKHBIX cloydaeB [ +my <<1 u
I’+m*<<1, a modTOMy mIi ONMCAHWMS JU(PAKIMH JTOCTATOYHO

ITOJB30BATHCA HpI/I6J'II/I)K€HHeMZ

(& m)=(ly — 1)+ (my —m)n +%(i+i](a2 - (6.87)

o 5o

Takoe mpubaMKeHre Ha3pIBAIOT MpUOMIKeHHEM DpeHers.

3aMeTHuM, 4TO B BhIpaxkeHue (6.87) ueTelpe BenmuuuHsl [y, my, [ u m
BXOJSIT TOJIKO B KOMOUHAIINU

p=Il-1,, g=m—m,.

CnenoBaTenbHO, B TOM OOJAcTH, TZI€ CIPABEMJIMBO MPUOIMKEHHUE
@penend, AUPpaKUMOHHAs KAapTHUHA HE HW3MEHMTCS, €CIU OTBEpPCTHE
CMECTUTCSI B CBOEH COOCTBEHHOM MIOCKOCTH. [Ipu 3TOM mudpakiimoHHbBIM
unTerpan Openens-Kupxroda MoxHO 3amucath B BUE:

U(P)=C| [ (&, n)exp|-ik(p&+gqn)]dedn, (6.88)

rae C — KOMIUIEKCHas [TOCTOSTHHAsI BETMYHHA
ik cos & explik(r, + s, )] k(1 1.,
C=- ; (& m)=Adexp—| —+— (i +n )
2n 73S AT
B nonyyeHHOM BBIpa)K€HHUM WHTETPUPOBAHME NpPEIoJaraeTcss B

npeaenax Iiomag Y. orBepctus. OmHAKO, YYHTBHIBas, YTO B TOUYKAX
HEMPO3payHbIX YacTel 3KpaHa w(i, n)=0, UHTETPUPOBAHUE TIO & U M

MOXXHO IPOM3BOJUTH B Ipenerax or —oo g0 oo. Ilpu sTom
muppakuuoHHas KapTuHa @OpeHenas ¢ TOYHOCTBIO [0 KOMIUIEKCHOU
MOCTOSITHHOM BEJIMYUHBI onpeensaercs npeodpazoBanueM Oypbe GyHKINU

w(E m):

U(P)=C _wa(é, n)exp[- ik(p& + qn)]dédn.
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B npubnuxenun Openens KBaapaTHUHbIE YICHBI OTHOCUTEIBHO & U

1 1
7 OTCYTCTBYIOT pu —+— =0, (6.89)
o So
VYcaosue (6.89) o3nauvaer, uyro audpakius PpayHrodepa uMeer
MECTO M TOTJa, KOT/Ja TOYka HaONIOJeHUST HAXOAUTCA B IUIOCKOCTH,
napajuieIbHOM  IMJIOCKOCTH  OTBEPCTHSl TMPU  YCIOBUM, YTO TOYKa
HaAOJIO/IEHNsT UCTOYHUK CBETa JOCTATOYHO Onm3ku K ocu z. Ilpu atom
BO3MOXHBI J1Ba ciyyas. Ecnum 7, oTpuumarenbHO, TO Majaronive Ha

OTBEPCTHE BOJIHOBbIE (POHTHI HMMEIOT BOTHYTOCTh B HANpaBICHUU
pacupoCTpaHEHHs M TO4YKa [ SBIAETCA LEHTPOM CXOXKICHUA, a HE

pPaCXOXKJCHUSI TMaJarouled BOJHBIL. OJTOT Ccllydyall OYEHb BAXEH IS
MpPaKkTUKH, TaK KaK OCYILECTBIISIETCS B IMPOCTPAHCTBE HN300pAKEHUI
XOpOIIO KOPPErMpOBAHHOW IIEHTPUPOBAHHOW CHUCTEMBI, M300pakarolieit
TOYCUHBIM HCTOYHUK, PACHOJIOKECHHBIM BOIM3M ocu. Jludpakuuonnas
kaptuana Opaynrodepa obpasyercs B MapakCHAIBHOM IIIOCKOCTH
M300paXEHUNH M MOXKET pacCMaTpUBaThCS Kak pe3yJbTaT Iudpakuuu
BOJIHOBOTO ()pOHTA Ha BBIXOJIHOM 3paukKe.

Ilycte s, =-7, =R'. PaccmarpuBas u300pa’keHME OCEBOH TOYKH
OpeaMeTa, MOXHO npuHATE X, =0 u y,=0, mpm sTomM coso~1.

! !

X X

O6o3HauuB x =x', y =)', nonyyaem p=-—=-—, q= Y _ L’ [Tpu >TOM
so R so R

mpaKHOHHBIA UHTErpall, ONKChBaommi auppakuuto Ppayrrodepa B

paccMaTpuBaeMoM cilydae, IPUHUMAET BUJ:

. . . ' 1 + !
Ul v') =~ [ Twle ey ik = dean, (690
>

rae y(&,m)=4.
ECHI/I I”'O HOHO)KI/ITCHBHO, TO BOJIHOBEIC (I)pOHTBI UMCHOT BBIHYK.HOCTI/I B

HarpaBJIeHUU pacrnpocTpaHenus. [lpu sTom gudpakiMoOHHbIE KapTHUHBI
MHHUMBIX H300paXKEHUN KaXyTCsl 00pa30BaHHBIMU HA dKpaHe, MPOXOISIIEM
yepe3 UCTOYHUK F. DTOT Cily4ail UMEeT MeCTO, HallpuMep, TOraa Koraa

OTBEpPCTHUE B DKpaHE HAXOAUTCS HEMOCPEACTBEHHO TMEPE] TIJ1a30M
HaOIr01aTeNsl.

Pacnpenenenue cBETOBOro BO3MYIIEHUSI B AUDPAKIIMOHHONW KapTUHE
Majo OTJAWYaeTCs OT paclpefeeHus, OmpeaenseMoro audpaxKiuen

Opaynrodepa, ecnu B npubnmxenun — OpeHens  BbIpakeHUE
(T 1 )., o)\ 1

—| —+— +1n° )< —A. [Ipu sTom

2\ry 5 (& L ) 4 P
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1 1 _1 A
—+—S—ﬁ,rﬂer0+s()¢0.
oo So 2874

2
HpHrO:SO=R24p7,rz[ep2=§2+n2.
Ipu stoM mpu L =5-10" mm: R . =8-10°p° mm.
Ipu p=10 mm: R_. =8-10°ii =800i .
IMpu p=1wmm: R, =8-10°ii =8i .
ITpu p=0,1 mm: R ;, =80ii =0,081 .

0’
IIpu ry = o S0227.

Ipustommpu L =5-10""i : 5., =4-10°p?ii

6.2.5. ndpakuna dpayHrodepa Ha OTBEPCTUAX Pa3HOM POpPMbI
IIpsmoyeonvHoe omeepcmue

PaccMoTpuM mpsIMOYTOJIbHOE OTBEPCTHE CO CTOpOHaMH 2a U 2b.
Eciu navano xoopauHat O HaXOIUTCS B IIEHTPE MPSMOYTOJILHUKA, & OCH
O u On mnapamienbHbl ero cropoHam (puc.6.15), To AudpaKIUOHHBIN

uHTerpan Opaynrodepa npuHIMAET BU/T

u(P)=C T fexp[— ik(p&+qn)ldedn = C fexp(— ikpE )dg Ifexp(— ikqn)dn,

—a —b —a -b

AN

2b .

A
\

2a

Punc.6.15. MNpamoyronbHoe oTBEPCTUE B NIIOCKOM 3KpaHe

234



Ho

Jexpl- ikpt)de = [exp(- ikpa) - explikpa)] = 22 P2
e ikp kp
AHaJIOTUYHO

b .

jexp(— ikgn )dn =2 sn}{kqb :

A q

IIpu sToM

u(P) _4C sin kpa sin kqb .

kp  kq
Ilpu  p=0,¢g=0: u(O, O) =4Cab. Torma  OTHOCHUTEIBHOE
pacrpesielieHle CBETOBOTO BO3MYIIIEHHUS OyI€T paBHO

(P)= u(P) _ sinkpa sin kgb

- u(0,0)  kpa  kqb
2
1,0

0,9 \

0,8_\

N
o sin X
0T TP 1)

0,6

0,5 \

0,4 \

0,3

0,2 \

0,1
| \J//I\\L/\l -

Clzﬂ 27 3n X

Punc.6.16. [udpakumoHHOe n3obpaxxeHne oceBor TOUYKU NpU NPSAMOYroribHon doopme
oTBEepCTUS
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[Ipy 5>TOM OTHOCHUTENIBHOE paclpenesieHhe OCBELIEHHOCTH B
TU(PPaKIMOHHOM TMSTHE H300pAXKEHUST OCEBOM TOYKM OMNPEACIIUTCS
BBIPAXKEHUEM:

E(P)=(P)-i"(P)= (sinkpajz(sinkqu.

kpa kqb
ink 2
Hpit g =0 E(p):ﬁ(p):(“z paj |
pa
. 2
IIpu p=0: E(q):(smkqu : (6.91)
kqb

N2
['padux GysKIIIHN y:[smx) npuBenéH Ha puc.6.16. OHa umeer
X

INIaBHBIA MakcuMyM y =1 mpu x =0 ¥ MUHUMYMBI, paBHbIE HYJIO, TIPU

x=xm, t2n,+37r, K. OTu  MUHUMYyMBI  pa3nEISIOT  BTOPHUYHBIC
dy
MAaKCHUMYMBbI, TTOJI0KEHUE KOTOPBIX ONPEACISIETCS U3 YCIOBUS d_ =0, T.c.
X
dy sin2x

U3 YyCIIOBUS I (x—tgx)=0. Orciona ciemyer, UTO MONOXKEHHE

e
BTOPUYHBIX MAKCUMYMOB OIPEAEISIETCS KOPHSAMHU ypaBHEHUS 1gx —x =0).

N2
sin x
IpPUBECHBI B TaOIHUIIE:

[14Th MepBBHIX MAKCUMYMOB (PYHKIIUH ) = (

X Y

0 1
1,430 = 4,493 0,04718
2,459 ="7,725 0,01694
3,470 =10,90 0,00834
4,479t =14,07 0,00503

N3 Tabauibl ciaeayeT, YTO WHTCHCUBHOCTH B IOCIIEIOBATEIHHOCTH
MaKCHMYMOB YOBIBAIOT OU€Hb OBICTPO. ITak, MHTEHCUBHOCTh E (P) paBHa
HYJIO BAOJAb JBYX PSAIOB JIMHWH, TMAapajuIebHBIX  CTOPOHAM
npsaMoyrosbHuKa.  [lonokeHne  ATUX  JIMHUM  ONpejeNsieTcss U3
COOTHOIIICHUM

kpa =tpmn, kgb =tvn (u, v=123K ),

21
WIH, TAK KaK p=[—1[,, g=m—m,, k=—

A

b
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BryTtpu KaKJIOTO PSMOYTOJIPHUKA, 00pa3oBaHHOTO
TIOCJICTIOBATEILHBIMHU MTapaMU TEMHBIX TTOJIOC, MHTEHCHBHOCTH JOCTHUTAOT
MaKCUMyMOB, KOTOpPBIC, OJHAKO, COCTaBIAIOT JHUIIh Malyl0 dYacTb
WHTEHCUBHOCTH IIEHTPAIBHOTO MaKCUMyMa U OBICTPO YMEHBIIAIOTCS TIO
Mepe ynaneHus oT 1eHTpa. CienyeT OTMETHTh, YTO OOJBIIEMY pa3zMepy
OTBEPCTHSI  COOTBETCTBYIOT  MeEHbIME  3(PGEKTHUBHBIE  pa3Mephl
T (PpaKIIMOHHOW KapTUHBI.

Kpyanoe omeepcmue
B sTOoM ciyuyae y00HO HUCTIOIB30BATh MOJISIPHBIE KOOPAMHATHI BMECTO
PAMOYTOIBHEIX. IIycTh (p, 0) — MONAPHEIE KOOPAMHATHI MPOM3BOJIBHOL

TOYKH OTBEPCTHS, T.C.
pcosO=E&, psinB=n,
u mycth (V, Q) — KOOpAMHATH TOUKH P B AU(PAKIHOHHOH KapTHHE,

OTHOCSIIIEHCA K TEOMETPUYECKOMY HM300paKEHUIO OCEBOM  TOYKHU
HUCTOYHUKA, T.€. VCOSQ = p, VSInQ =¢ .

W3 ompeneneHuss p W ¢ CIEIyeT, U4To V =+ p>+¢> PaBHO CHHYCY
yIia MexXTy HampaBieHHeM (p,q) W TEHTpalbHBIM HAIpaBJieHHEM
p=q=0. B TakoM ciyuae, eclii a — paguyc KpyIJoro OTBEPCTHS, TO

,Z[I/Iq)paKI_[I/IOHHBIP'I HHTCTrpal IPUHUMACT BUA
a?lm

u(P)= CI J.exp[— ikpvcos(0 — ¢)]pdpd® .
00
Hcnonb3ys TOXKIECTBO
2n
Jo(a)= N _[exp[— iacos(0—o)]d®,
2y
HOJIy4aeM

u(P)= 2TECJ. Jo(kpv)pdp.
0

Ho di[z'mJn+1 (Z)] =2""J (z).
z
Ipu n=0: d[zJ,(z)]=z/,(z)dz . A Torna
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u(P)= 2”C j kevpd y (kpv)d (kpv) = 2“VC kvad, (kav) =
ol Jl(kav)
kav
Ipu v=0: u(0)=nCa’. Torna
i(P)= M. ITpu sTOM
kav
2
E(P):[M} . (6.92)
kav
YA
1.0
0.9 \
0.8 \
0,7 \ 2
pA N PR XA 5]
0.6 \ 1 A ]
0.5 \
0.4
0.3
0.2
0.1
— | - _
0 1 23 4 5 6 7 8 9 2

NJIOCKOM 3KpaHe

Punc.6.17. QudpakumoHHoe n3obpaxeHne 0CEBON TOYKM NMPU KPYriioM OTBEPCTUM B

Pacnpez[eﬂeHI/Ie HHTCHCUBHOCTH B OKPCCTHOCTH TICOMCTPHUYCCKOIO

5 2J,(x)
M300paKeHUsI TOYKM OMHUChIBaeTcs (QyHKImMen y=|———= |, rpaduk
X

aMIUTUTYJIbl TIOJI00HO (PYHKUIHU (

sin x

238

KOTOpOU puBeAEH Ha puc.6.17. OHa uMeeT riaaBHbIM MakCUMyM ) =1 nipu
x=0 ¥ ¢ yBEIWYEHUEM X OCIHWUIUPYET C MOCTEIEHHBIM YMEHbBIICHUEM

2
j . VIHTEHCUBHOCTbh paBHA HYJIIO



(MUHUMYM) TpU 3HAYEHUSAX X, ONPENETSAEMbIX KOPHSAMH YypaBHEHUS
Ji (x):O. MuHUMYMBI 371€Ch YK€ HE CTPOro JKBUAMCTAHTHBI, YTO M

CIIEAYET U3 TaOJIUIIbI:

i [2]1 (x))2
X

0 1 MaKCUMYM
1,220m = 3,832 0 MHHUMYM
1,635t =5,136 0,0175 MaKCUMYyM
2,2331=7,016 0 MHHUMYM
2,679t =8,417 0,0042 MAaKCUMYM
3,238n =10,174 0 MHHUMYM
3,699t =11,620 0,0016 MaKCUMYM

[TonoxeHre BTOPUYHBIX MAKCUMYMOB OIPEACNACTCS 3HAYCHUSIMHU X,
yIOBJIETBOPSIOMIUMHU YPABHEHUIO
i Jl (X ) =0
b
dx| x
WM, TIOJIB3YACh (POPMYJIION
d

e, @)= 00.

— KopHsME ypaBHeHHS J,(x)=0. [Ipy yBeNUYEHUN X PACCTOSHHSL MEXKITY

ocje0BaTEIbHBIMU MUHUMYMaMH1 W ocJe0BaTEIbHBIMU
MaKCUMyMaMU MPUOIUKAIOTCS K T, KaK U B MPEIbIAYIIEM ClIydae.

N3 mosiydyeHHBIX pe3yibTaTOB CIEAYET, UYTO HaOro/aemMasi KapTUHA
MMEET BUJ] CBETJIOTO JIUCKA C LIEHTPOM B T€OMETPUYECKOM H300paKeHUU
UCTOYHUKA p =g =0, OKpY>KEHHOTO CBETJIIBIMU M TEMHBIMH KOJbIIAMHU.

VHTEeHCHBHOCTh CBETJIBIX KOJIEIl OBICTPO YMEHBINAETCS C YBEIWYECHHUEM
paaumyca W OOBIYHO OCBEHIEHHOCTh TOJBKO OJIHOTO WM JBYX IE€PBBIX
KOJICI IOCTaTOYHA, YTOOBI UX MOXHO ObUIO HAOJIOJaTh HEBOOPYKEHHBIM
IJ1a30M.

B paccmarpuBaemom ciiydae x =kav. Ilpu 3ToM paamychl TEMHBIX
KOJICIl paBHBI

v=ip2+q’ :%&=0,610§,1,116&,1,619&,K.

a a

mwa a
Paccrosinue MCKIAY ABYMA COCCAHHMMH KOJbHOAMHU ACUMIITOTUYCCKU

A
HpI/I6J'II/DKa€TC$I K BCJIIMYUHC 2— 3[[601) Mbl CHOBa BHIAHUM, 4YTO
a
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a¢dexTuBHBIE  pa3Mmepbl  IU(GPAKIMOHHOW  KapTUHBI  OOpaTHO
IPONOPIUOHAIBHBI JUHEHHBIM pa3MepaM OTBEPCTHS.

Hudpakuronnslii uaTerpan ®payHrodepa ajigs Kpyrioro OTBEPCTHUS
3aluIlIeM B BUJE:

almn
£ 1T aexol- dpveos(o-ollpdpdo.
00

I[lyctb A= A(p, 6). N3  ycimoBuss ~ KpyroBoM  CUMMETPHUHU
paccMaTpuBaeMou 3a1auu CIEYyeT, YTO

Alp, 8)= Ap).

[lycte D' =2a — quameTp oTBepcTusi B dkpane. Torma p=ap’, rie
0<p'<1.00603Ha9NM

p=kap' = kp. Torna

Pm 21

u(v

exp ipvcos(0— @)]5d’5d9 =

u(v, ¢)= R

kR,2 IA Jo(Pv)pdp.

3necb B BecbMa OOIIEM BHJI€ MpEJCTaBleHA 3paykoBass (YHKIHS
G(p, 9)=A(§). Jns e€  anmpokcumaluu — yA0OHO  NPUMEHHUTH

onpeaeaEéHHbI narerpai CoHuHa:

xv+l %
— JJM(xsiny)sin“+lycos
2’T(v+1)
Ota dopmyna crpaBejinBa, KOTa JeHCTBUTENbHbBIE Yncia W, v > —1.
B nmudpaknmonnsiii uHTErpan BxoauT (yHkius beccens mepBoro pona
HyneBoro mnopsaka. Iloatomy B wuHrerpane CoHMHA B HMHTEpECAX
paccMaTpuBaEMOro BOIIPOCA ECTECTBEHHO NMPUHATH WL = 0.

2v+1

ydy .

Ju+v+1 (X) =

Torma

%

IJO (xsiny)sinycos®* ydy = 2" T'(v + I)M :
0

DTO BHIPAKEHHUE MOXKHO MIEPENUCATh B BUJIE

J

v+l (x) _

'fJO (xsiny)cos® ysinyd(siny)=2"T(v +1)
0 x"*

v+1

BBeném 0003HauEeHUS:
p=p,siny, x=vp,.
Tornma
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~jJ (vp [1 Kﬁﬂvpdp PI2'T (v+1)M.

pm (Vrjm )v+1

ANNpPOKCUMHUPYEM 3paYKOBYIO (DYHKIIMIO BBIpaKEHUEM

G(p)= Ao%:q\/ll - (%ﬂv :

[logcTaBuB »TO BBIpaKEeHHE B AUGPAKIMOHHBIA HHTETpal U
COMOCTAaBUB TMOJIYYEHHBIN pe3ysbTaT C MNpPeoOpa30BaHHBIM HHTETPAIOM
CoHnHa noyyaem

u(v)=p.>2"T(v+1)q, M .
v (Vp m )
JIist KonbIieBoW (POpMBI OTBEpCTHS TUAMETpP BHYTPEHHETO JKpaHa
paBeH D', rae n — Ko3QOUIHMEHT TUHEHHOIO SKPaHUPOBAHUSI.
B cooTBeTcTBHM ¢ IPUHITUTIOM Ba6HHe

i Pm - N
u(v)= kR,z I G(p)Jo(pV)pdp—— e JG o(PV)pdp =

: )Jo(pv)pdp.
kR ’ NPm
~\2
Nycrs G(p)= Ao{% +q, [1 - (E%j }
IIpu 3TOM

()= mgm{qo+q1[1—(%]2}}%<5v>5d5=

: va)Pr g Pp
= w J.JO (pv)pdp _ ! ,026,{}2 IJO (pV)p3dp.
kR T]Bm m rlﬁm

IMockonexy d|zJ, (z)] =2Jy(z)dz , T0

1 Pm _ _ _ 1 5 o

= JIEEVdEv) = GV =
NPm

— ﬁZ ‘]1£5V) P

pv

1 ,|2J,(p 2J,\np
:_p{ 1(PmV)_n2 1(npmV)}

A NPwV
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[IprMeHss Tak Ha3pIBAEMOE HHTETPUPOBAHUE IO YACTAM, IMOTydaeM

1 Pm » - - 1 ~ ~\Pm
Sl G CORICH R CORACY

NPm v
2 Pm - _ _ N J - J _
— J(PV)zjl(pv)d(pv):pi{M_n4M}_
Vo b P,V np,,v
~ 2 _ - N
_2(pZ) Jz(b’v){ﬁrg :ﬁi{M_TﬁM}—
\% m P,V np,,v
AR AU,
_2p:{2~—m—ﬂ vl
PV’ NPV’

[ToncTaBuB B 1u(paKkiIMOHHBIN UHTETpa, HOJIy4aeM

u(v):ﬂ’&{qo +q1|:2J1(V5m) i~ 2J1(V1’]5m):|_

RZT'L 2| VR, b,

_ ﬂ 2‘]l (Vﬁm ) _ a4 2']1 (Vnﬁm) _ 4']2 (Vﬁm) 4 4']2 (Vnﬁm)
om—— | - =2 N 2 2~2 :
2| vp, NP, VP, v,

Ho ZXJV (z)=J,,(z)+J,,(z), Te B wHamem cmydae
z

ﬂJz(z): J3(z)+ J,(2). A Torma
z

u(V)ziAiﬁz {‘Io +4q |:2J1(V5m) nz 2J1(Vn§m):|_

R 2 vp, . vnp,
_ ﬁ 2‘]1 (Vrjm ) _ 1,]4 2‘]1 (Vnﬁm) _ J3 (Vrjm) _ Jl (Vﬁm ) +
2 vp,, vnp,, VP, VP,
+ T]4 J3 (Vlﬁm) + 1,|4 Jl (VTlﬁm ):|} —
VNP, V1P,
iy ~2 2J,(vB) 2 2J1(VP,)
= + - - -~ TTmZl__
SR P {(% ¢ ){ R By
49 2Jl (Vﬁm ) _ 2‘]3 (Vﬁm) + ﬁn4 2‘]1 (Vnﬁm)_ 2J3 (Vnﬁm) .
21 VPu VP 2 A VNP,
ITpu v=0:
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u(0)= 2;;1;,2 pm[(qo +q1)(1—n2)—@(1—n4)}=

22{0,2 521 n"‘) T +q1—3(1+n )}

Ay~ ( 2 ) d 2
= p =" g +— (1 - ) :
2kR? " )
[Ipy >TOM OTHOCHTEIIBHOE pacIpeIciICHHE
U300paKCHUHU TOYKU ONPEIACIIUTCS BHIPAKEHUEM:

L e

x {(% +4y ){ 2/Bu) _ 2 21 )} -

VP, vnp,,

OCBEIIIEHHOCTU B

_ﬁ{% (vB,) _ %(m)} +@n4{2J1(Vn5m)_ 2, wm)}?
21 VP VP 2 vnp, vnp,

Jlerko y6emuthes, uto mpu p=0: G(0)= 4,(q, +¢,), a mpu p=7,,:
G(ﬁm )= A,q,. ECTecTBEHHO TOJOKHUTH G(O) = 4, (qo +¢q,)=4,. Otciona
qo+¢q,=1.Torna q, =1—gq,. IIpu sTom

E(v)= 1 2/,(B,) _ 2 2/(B,,) _

( —nz)z[qo Lo —nz)}z { o P

2

2 vp,, vp,, 2 vnp,, vnp,,

_ _ 2
_1-¢, {2J1(V5m)_ 2J3(V5m)}+1_% n4|:2J1(Vnpm)_ 2J3(Vnpm):|} _

[lycTh Ha Kparo OTBEPCTUS G(]S’m ) = 4,9, =0, 1.e. q, =0. IIpu 3TOM
Fge 4 [B08)ns)
(1-n2)* [ VP P,
2
_l|:2J1(V5m)_ 2J3(V5m)_n4£2‘]l("n5m)_ 2J3(Vn5m )ﬂ} .

2| vp, VP, vnp,, vnp,,

Mycts G(p)= 4,,Te. ¢, =1,a ¢, =0.
[Ipu sToM

(6.93)
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N N2
B(v) 1 {%(me) nzM] (6.94)

(1-n2)’'L vPw P,
IIpu n=0:
~ \1? 2
E(v)= {M} o E(v)= [M} | (6.95)
vp,, kav

Onaunmuyeckoe omeepcnue

3anuiiem YPaBHCHUC OKPYKHOCTH B BUIC

X Hyi=rt.
!
!

X
Ilyctb x=—; y=y . lloacraBuB B YpPaBHEHHUE OKPYKHOCTH,

12 12 2

X
5+ y_2 =1, T.e. MONYYWJIN YPABHEHHE BJUIUIICA —+
nr r a

rie a=w, a b=r. Takum o0Opazom, SJUIUIIC TPEACTABISET COOOI

2
Yy _
= =1,

oJIy4aem

OKPY>KHOCTh, PACTSIHYTYIO WJIM C)KATYIO B OJTHOM W3 HaIlpaBJICHUIA.
PaccmoTpuMm perieHne 3aiaun B oomiem ciydae. [lycts 2, u 2, — 1Ba

OTBEpCTHSA, IPUUEM B HeKoTOpoM HampaBienun (0&) pasmepsl X, B | pa3
Oomnbine, yeM 2.,. st nudpakuun @paynrodepa Ha Y., uMeeM

w,(p, q)=C [ [ exp[-ik(p&+qn)ldedn.

2

Ananornuno 1us  audppakiuun  Ppaynrodepa Ha D, HaXomUM

uy(p,q)=C ”exp[— ik(pE +qn')|dé'dn’. Bamenss 3mech mNepeMeHHbIE
2

unTerpuposanus (&, 1) Ha (&,m), Tae & = u&, n' =1, momyunm

(P, ¢)=nC [ [expl-ik(up& + gn)ldédn =

22
= uC [ [expl-ik(p& +qn)ldedn =y (7, )
21

WIH

u,(p, )= vy (p, )-
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OtBepcrue

Z

N\

7

HudpakuronHas kapTuHa

N\

Pnc.6.18. 3aBucmmocTb BMaa AnpakuMoHHOro n3obpaxeHns ToYkn oT opMbl
oTBEpCTUA

OTcrona creayer, 9YTo €Cii OTBEPCTHE CUMMETPUYHO PACIIUPSETCS B
KaKkoM-IM0O HampaBJIeHUH B | pa3, TO AUPpaKIUOHHAS KapTHUHA
@®paynrodepa CKUMaeTCs B TOM JKE€ HalpaBlIeHWH B | pas, a

HMHTCHCHUBHOCTL B HCKOTOpOfI TOYKE HOBOH KapTHHbI CTAHOBUTCA B },l.z pa3

OOJbIIlE MHTEHCMBHOCTH B COOTBETCTBYIOIICH TOYKE MEpPBOHAYAIBHOU
KapTuHbl. VMcnonb3ysi 3TOT pe3ysbTaT, MOKHO, HalpUMEpP, Cpa3y HAUTH
KaptuHy audpakuuu PpayHrodepa OT IIUIUINTAYECKOTO OTBEPCTUS U3
KapTUHBI AU PaKLIUU OT KpyTa, Kak Mmoka3aHo Ha puc.6.18.

6.2.6. Oudpakuma OEpayHroepa Ha cCuUCTeMe OOMHAKOBbIX WU
OAVHaKOBO OPUEHTUPOBAHHbLIX OTBEPCTUN

3paukoByt0 (DYHKIMIO 3KpaHa, COCTOSIIETO U3 N OTBEPCTUU MOXKHO
npcacTaBuTbL B BUAC

G(&,m)= iGj(E, 7). (6.96)

Hauana koopAMHAaTHBIX OCel (e’;, n) U (x’, y’) pacrojoKeHbl Ha O0IIe
HOpPMAJIU K IUIOCKOCTSAM 3KpaHa M paccMaTpuBaeMou Iu(pakIuOHHOM
KapTuHbl. I1lycTh cucTemMa KoopauHaT (E, 1), HauaIo0 KOTOPOW COBIAAET C
LIEHTPOM j -I'O OTBEPCTHUsA, CMEILIEHA OTHOCUTEIBHO CUCTEMBI OCEU (e’;, n) B
TOYKY C KOOpAWHATAMH (&0 7»>MNo j). Torma
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ik

u(p.a)=7 ijj G (&, n)exp[- ik(p& + gn)]dedn =
- espl b, g ] 6 6. Fexel- ik + gl

2
BBeném 0003HaueHUA
&, g no n 27
J _ . _ N ] ' ~/ _
R,_GOJ,E_ 5 BOJ’ B kx ky k 7
[Ipenamonoxum, dTO O6HaCTI> j-TO OTBEpCTHS  OrpaHHUYEHA

NpAMOYTI'OJIBHHUKOM, ITPHU 9TOM

G, (E ﬁ): 4; (E ﬁ): 4;(0.0)= 4y;.

Torma mpu x = y =0 umeem

u, (%, 7) = A explila ¥+ o, 7 ) Jexp(- ") i

ey
B _ _
X jexp(—iBy) dp =—4oc [3 AOJ exp[ (aojx +Bojy )]x (6.97)
_B]
y sina, ;X" sinf3;y"
X By

J1714 Bcer CUCTEMBI OTBEPCTUH B LIEJIIOM

sino X' sinf3 .y’
u(f', N') ZAOJG‘] J mjzr Br\]uy X
A S ax By (6.98)
xexp[—i(ocojx +[30jy )]
lyets o =a, =K =a ;=K =ay =a;

Torma

sinox’ sin 3y’

(5. 5)= L agap ST S
X Z [sin(ocoj%" + Bojf')-lr iCOS(OCojf’ + BOJ7’)]-
j=l

[Ipu 3TOM pacrpeneneHne OCBEMEHHOCTU B TU(PPAKIIMOHHOM TISITHE

OIIPCACIINTCA BBIPAXKCHUCM BHUIA
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2
B, 3)=ul(®, 5’ (7 7) = ( Apap RIS j x

BN’

) _— i (6.99)
X {Zsin(aoj?c’#ﬁojji')} +|:ZCOS((10]'$’+BOJ?’):| .

Jj=1 J=1
IIpu N =1

2
ER,7)= (7, 7)= [ Ayap TSP j -
ox By’

2
Ipu X' =0; 7' =0: £(0,0)= N{% Aoasj = N?E,(0,0).

Crnenyetr oOpaTuTh BHUMAaHHE, YTO B PE3yJIbTAaTe MepepacipeaesieHus
PHEPTUM  OCBEIIEHHOCTb B  IEHTpe  JU(PAKIUOHHOW  KapTHHBI

yBeanuuBaercst B N> pas.
IIpu 3TOM

E®,5)= 0,00, %, By, 7 ) Eo (&, 7).,

rac EO(R'J', y') = SlnC (OC)?,)SII’IC (Byr), S]nc(z) _ SInz

- q)M(OLOj’?'aBij’)_

GyHKIMS aMIUTUTYTHOM MOJYJISIIIUU TISITHA paccesiHusl B TU(GPAKIIMOHHON
KapTUHE HW300pakeHUsI OCEBOM TOYKHU, OOpa30BaHHOM OTAECIbHBIM
OTBEPCTUEM 3KpaHa, IIPU ITOM

N 2
N2, (a7, Boji')z{Zsin(oco T+ By jy')} +
. (6.100)

v 2
+ {Z cos(aojf' + Boji')} :

j=1
0<D (ocojx Bo, ¥ )Sl
Jlerko Buzeth, uto Ey(X',7')=0 npu oX, =+um; By, =+vr, rue

wv=12K.Orcrona X, = +Hn ¥,, =*—mn. Ilpu sToM Oy1eM cuuTarthb
o
~r_+“ ~n., ~r_+v " ~n ~n
X =t—mx"; y=xt—my ,tne 0<x"<1; 0<y" <1
o p
Torma

E,(x", 7") = sinc? (umx" )sinc? (viy") ;
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2
~ N Ol .
N®,, (6,7, B 7") - {Zsm[i " J%W'H .
j=1 o

2
N Oln - B .
+{Zcos{ﬁm&”+ﬁvn)~/" } .

j=1 o p

IIycte p=v=1. IIpu aTom
E, (%", 7") = sine® (n&")sinc® (ny"):

2
N2D (ocoj Bo,J/) {Zsm( w +BB n)";‘”ﬂ +

2
N Oln - )

+ Zcos[ﬁm?’%ﬁﬂ@”} .
j=1 o B

ITycte mpu 3Tom N =2. Ilomaras o, =—0, =0y; By =P =Bo>

1+ cos{%{% X"+ BO)N/’"H
o p

2

(6.101)

oJIy4aem

O (N x", Boy )

[Tycte y"=0. Torna

Oy
1+cos| 2n—=9 %"
o

2

Mycts @,,(0,%")=0. Tlpu sTom COS(ZRE%’") =~-1. Orcroga
o

O (a0~") =

27‘5%%”
o

= (2m+1)7r.

[Tyctes X" =1. Torna 2n 0 = 2m+1)m.
o}
1
Orcrona 20—t IIpu m=0: Yo _
o 2 o
(pU3MUECKU HE peann3yeMo.
Ipu m =1: ﬂzé U T.[I.
o 2

Hycrs o; -0, f; — 0. ITpn aTom

1
5 T.e. 3TO peIICHHE
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ey o~
sino ;X sinf3;y

~r > ~1
oL ;X B,y
bynewm cuurars, 4To

S;=4a,p; = AO}(i)igOAaojABoj =dS
Aﬁoj—>0

A Tornma

u(®@,7) =2 lim ZAOJ exp|-ilotg, % + By, 7| Ackq  ABy,

}\, Aaol —)O
ABOJ —>0
N—o0

ITonoxus AO ; =4, HaxoUM

ul¥, )= AOJ jexp( 0t ;X )docoj jexp( iBo, ¥’ )dBOJ -
—B

sinox’ sin 3y’

= Aep T

T.€. TOJYYHWJIA BbIpAKEHUE, OINPEIENSIONIee paciupeieieHHe CBETOBOTO
BO3MYIIICHUS B JUQPPAKIIMOHHON KapTUHE MPU CIUIONIHOM OTBEPCTUH
NPSIMOYTOJIbHOW (hOPMBI B SKpaHE.

[Ipeanonoxum, Yto o00JacTh j-TO OTBEPCTUS  OTpaHUYEHA

b

OKPY>KHOCTBIO, IIPX 3TOM YJJOOHO BBECTH MOJIAPHYIO CUCTEMY KOOPJAUHAT

,_ g+’ : D'
_ '$in® = 3 ) ng Sl, 6127,
nN=apsmno, a

x’:V'COS(P, y'=r'sin(p, I",: lx12+yr2:Rr lp2+q2.

31ech a — paanyc KPyriIoro dKpaHa ¢ OTBEPCTHIMU; P, O — MOIIpHbIE

& =ap'coso,

KOOPJAMHATBI B IUIOCKOCTH 3KpaHa; 7', () — MOJSIpHbIE KOOPAWHATHI B

IJIOCKOCTH HAOMIOACHUS TUPPAKITMOHHON KapTUHBI.
[Ipu 5TOM BBIpaKEHHE, OMPENETSAIONIEE CBETOBOE BO3MYIIEHHE B
TUGPAKIIMOHHON KapTUHE N300paKeHHsI 0CEBON TOYKH, TPUMET BH]T

u(r', )= zlk;;,z ”G P, 0)x

X exp[— ik % r'p’cos(0— (p)} pdp'do.

Obparnmcest k puc.6.19, Ha KOTOpoM mOKasaHa To4ka (J; j-ro

(6.102)

OTBEPCTUSA B 3KpPaHE B CHUCTEME MOJISIPHBIX KOOPAUHAT (p’, 9) U (p'j, 0 j).
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IMomoc O cuctembl koopauHat (p',0) W MOMOC CHCTEMBI KOOpPIMHAT

(+', @) mexar Ha ofHOH MpAMOi, IPUHATOH B KadecTBe OCH, a momoc C
! oo .

CUCTEMBl KOOPIHMHAT (p L j) COBMELIEH C IIEHTPOM j-IrO OTBEPCTHUS,

MoJIO’KEHHEe KOTOpOro B cucTeme koopauHat (p,0) ompenesneno

KOOpAMHATAMHU (pz) 99 j), Ipyd 3TOM TIOJISIPHBIE OCH OO0EMX CHUCTEM

KOOPJMHAT NapaliebHBl.

LI Qj
p P
0 ij ej
0y, 1 oA
0 ¢ -—

g

Puc.6.19. KoopanHaTtbl anemMeHTa cucTembl OTBEPCTUI KPYriion oopMbl
Ha sToM ke pucyHke noka3zaHa Touka A TUIOCKOCTH HM300pa’keHMUs,
MIOJIOKEHUE KOTOPOU ONMPENENSeTCS KOOpPAUHATAMU (r’, (p). N3 pucyHka
CIEYET, YTO
’ ! ’
p cos(e - (p)— Po; cos(eoj — (p)+ of cos(ej - (p).
Ob6osnaunm 6, —p=vy,;, 0, —0o=y,.
BBITIOJTHMB  COOTBETCTBYIONIYIO IMOJCTAHOBKY C YYETOM ITPUHSATHIX
0003HAYEHHUM, MTOTyYaeM

ika’
u;(r')= 27t?exp(— ik%r’pbj coswoj) X
(6.103)

< 16w Jexp) —ik=Lrpl cosy |p'dpdy .

5

TIe @ — paJuyc KpyrJioro 3KpaHa ¢ OTBepcTHsMHU; mpu 3ToM 0 < py ;<L
. !/
a; —paaMyc j-ro OTBepcTHs 3KpaHa, npu aTom 0<p’; <1.
aj 1~ ~1 a
O603HaUNM —=A;; kA;r' =¥, Po; =—Po;» TOpU  OTOM
R J J J I PO
J
a

~1
0=<py; <

a;
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!
[Tomoxus G(p’j,\pj): f( ;2’ J): ](R, ): ]g{ ,
T7e U,; —aMIUIUTy/la CBETOBOTO BO3MYIICHHMS HA PACCTOSHUM CAMHHLIBI

JUIMHBI OT HCTOYHHKA, [IOJTyYaeM
u (’F): iEAZ.uO : exp(— ir!p'icosy, -)x
J\J 7L J " YJ JmJ J
127
<[ Jexpl- i o) cos, Jo'dpdy .

00

~1 . R, i~~~y
uj(rj, wj): i 714]2 exp(— ir; Py coswoj)x
| - (6.104)
x'[p'].dp’j jexp(— ir; p; coswj)d\yj.
0 0
HanmomuauM, uto
2n
1 jexp(— izcosy )dy = J,(z), a i[le(z)] = zJ,(z).
2y dz
[IpyMEeHUB 3TH COOTHOILIEHMS], ITOTy4aeM

1
uj(Fj')zikuojR'Af exp(—i’z@'ﬁ(')j coswoj>£J (r P’ )p]dp]

27,(7)
j
IIpyr 3amonHEHHM OTBEPCTHM B JKpPaHE KOTEPEHTHBIM H3IyYEHUEM
pacnpesesieHue CBETOBOIO BO3MYLIEHUS B JUQPPAKIMOHHON KapTHHE
OIIPEIEIIUTCS BBIpa)KeHI/IeM BUJIA

27 (7
u(r')= EkR Z ;A7 J( )sm(r pO]costJ)

~/

J

i , ot et
:EkquR A2 exp( ir; Py, COSYy )

(6.105)

j
I[Ipy 3TOM COOTBETCTBYIOILIEE pPaCHPEOCIICHUE OCBELIEHHOCTH B
TU(PPaKIIMOHHOW KapTHUHE PAaBHO MPOU3BEICHHUIO B3aWMHO COMPSIKEHHBIX

semmund u(r )u*(r'), T.e.

+i§:u0j ZJ( )cos<7"5(’)jcosw0j)
=
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2

N , 2J,\F
E(r)= lsz’z{{Zuoj N(r )sm(r'ﬁ(’,j oS, )} +
4 J=1 r]

- 2
{iuw 2J1(7”/)cos(r Do, COS\VOJ):| }

(6.106)

T

IIpu N =1:
2
B()= Ey(r)= B KRy 4° 211—(’”)} |
r

lycts 4 =4, =K =4, =K =4, uy =uy, =K =u,; =K =u,.
Torma
2

E(r')=B/’d’€’u0A2 2/ (N )} H:ZSHI(V,B(,)] COS\VOj):| +

(6.107)
2
Y ~I1 =
+{Zcos(r P, coswoj)} }
jl
IMpu ' =0:

2
E(0)=N"? GkR'quz) = N?E,(0).
IIpu sToM
E(I"') = CI)M (7'9 56j9 WO])EO(F')’
- ' 2‘]1 (?’) ~r1 ~1 <
rne K, (r ): — | @ M(r »Poj> Vo j) — QyHKIMA ~ aMIUIUTYJHOU
¥

MOAYJISIIMUA TISATHA paccesiHus B AUPPAKIHUOHHON KapTHHE H300pa)KeHus
OCEBOM TOYKH, 00pa30BaHHOM OTJEIbHBIM OTBEPCTHEM dKpaHa, PU 3TOM

v 2
N2D ( PojaWoj) {Zsin(?'ﬁ{)jcoswoj)} +
/! (6.108)

v 2
+ {Z cos(?'ﬁ(')j Cos Y )} :

j=1
0< D, (7', 3o wo, )< 1.
Iycte N =2.Ilonaras Py = Py, = Py, NOIy4aeM

E(’”') =D, (7'3 Po> Yo1> Voa )Eo(”')a
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)= 1+ cos[7'Bj (cos g —cos g, )]
5 .
JIerko BUOETH, YTO W3 YCIOBHA COSVY, —cosy, =0 cuemyer
Wor =tWo =Wy, Tpu otom @, (F, By, wo)=1, a  E(")=Ey(r).
[IpakTHuecKuil MHTEpEC MPENCTABIACT YCIOBUE W, =Wq; W =Y, + 7.

rae @ ( , Po> Wor Voa

[Ipu 3TOM

ot oy 1+ 270,
q%w(r apo,\Vo):: cos( r;oocosxpo)‘

T
Otcrona cnenyer, 4To pu Y, = —

~r\ 12
)= Ble)=[ 27
IIpn y, =0:

SURDURNE S 27D,
D, (7 ;)= L oosl27P)

2
roe 0< @, (7', py)<1.
HarnmsgHnoe mnpencraBnenune BiausiHug GyHKIun O ( Po) Ha

b

pacrpezielieHlie OCBEHIEHHOCTH B M300PKEHMHM TOUKHU JAET CIETyONIUi
puMep.
ITycte E (r') = (0. DTO BO3MOXHO MPHU CICAYIOIINX YCIOBUSIX:

- Ey(r')=0;
- ( Po) =0;
= @), (7, 5 ) = £y(r)=0.
a 7 |:2J N, :|
[TycTs ipu 7' =7, BBIOIHSETCS YCIOBUE E
Mycts mpu stom u @, (7., py)=0. Torna 27;p, =(1+2g)r, te
~ o~ 1+2
q=0,1,2,K . Orcrona cienyer, 4to P, = Py, ‘ %n
rOk'
Ipu py =Py, u3 ycnosus O, (7., ﬁéq): 0 HaxoauM
1 1+ 2¢
0t — A~y ‘Yo
t 2p0q

rne t=0,1,2,K,g. B pe3synbrare COOTBETCTBYIOIIEH MOJCTAHOBKH
noJIy4yaem
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S 1+2¢ o
(113 1+2q oK *

~

~ 7 ~ o~
[pn t=0 7, =—%—,anpu t=q 75, =7,.
1+2¢g
pu t=q=0:7 =7 =3,832.
B o6mem ciydae pacnpeneiaeHre OCBEIIEHHOCTH B JUGPaKIUOHHON
KapTHHE OCEBOM TOYKM ompesensiercs: BeipaxkenueM (6.105) mpu ycioBuun

OIHOBPECMCHHOI'O UIBMCHCHUA YIJIOB (POj Ha OJIHY U Ty K€ BCIIMYHUHY @, T.C.

2
’ 1 ’ v 2J F', s [r~r~r
E(r, @)= Zsz 2 Z‘iuojAjz. ;(, J)sm(rj P, cos(\uoj +(p)) -
J= J
6.109
N 2 2']1(?],) ~r1~1 ’ ( )
+| D Uy 4; ~ cos(rj P, cos(\uoj +(p)) ,
= j
roe 0<p<2m.
Upwn ugy =up =K =uy,; =K =uy; 4 =4,=K =4, =K = 4:
E(r', @)= @ (7', 55, wo. 9)Eo(r), e
~ ~ N . ~ ~ 2
Dy (” ', Po» Vo> (P): ZSIH[F]Péj COS(‘VO] +(P)] +
= (6.110)

2
N
+ {Z cos[Fj'ﬁ(')j cos(\poj + (p)]} .

J=1

6.2.7. AndpakuMOHHLIN MHTErpan npu Hanuuum abeppauyunn

[lycth chepuuecknii MOHOXPOMATHUYECKUM BOJTHOBOM (PPOHT majaer
Ha KpPYyrjoe OTBEPCTHE M CXOAUTCS B oceBoil Touke O'. PaccMorpum
cBetoBOe BO3MylneHHe u(P') B HNPOM3BONBHOI Touke P’ BOIHM3M TOUKH
O'. Tlonoxenue Toukr P’ OTHOCUTENHHO TOUKH O OIpeneTuM BEKTOPOM
r'. BymeM cuurath, uTo paccrosmme r =O'P' u pammyc a (>>1)
OTBEPCTHSI Majbl 10 CpaBHEHHIO ¢ paguycoM R)=O'C’ BoIHOBOTO

¢ponTa L', KOTOpBIA 3amojHSIET 3TO OTBEPCTHE, KaK II0Ka3aHO Ha
puc.6.20.
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Punc.6.20. CeeToBO€E BO3MYLLEHNE B ANPPAKLMOHHOM M300paXXeHUM TOYKM

O06o03HauuM uepe3 R’ paccrostaue ot Toukd Q' BosjHOBOTO (hponTa L'

A
J0 TOYKH Ha6J'IIOI[€HI/ISI P,, a 4cpe3 —- — CBCTOBOC BO3MYIICHHC

0
(aMIuMTYy) manmaromiero BojHOBoro (Gponta B Touke (. Torna,

npuMeHsa npuHuun [ ronrenca-Openerns, nojayyaem

u(p) = L AP KR)) I XPUKR') . 6.111)

A R, 3 R

[TockoyibKy —paccMaTpUBaeMble PACCTOSHHS »' TPEANOJIaratoTcs
MajbIlMM, Bapualuu Ko3(QPUIMEeHTa HAKJIOHA [0 BOJHOBOMY (pOHTY
npeHeopexkuMo Maisl. B coorBercTBuu ¢ prc.6.20 numeem

Ry +R'=r".

OOo3Havyass uepe3 ( CAMHUYHBIA BekTOp B HampaBienun O'Q',

MOJIy4yaeM
R, +q-R'=q-r'.
Ho q-R’'=R’cos(180°— Zq-R’)=—R’cos(q, R’).
C xopomwuM NpUONMKEHHEM MOXKHO MPUHSITH cos(q, R') =1. Torma
q-R'=-R’". Ilpu stom
R'-Rjy=—q-r". (6.112)
OneMeHT dS BoJIHOBOrO (hpOHTA PaBEH
dS = R}}dQ),
rae d() —3IeMEeHT TEeJECHOTO yIija, MO KOTOPbIM 3JIEMEHT dS BUJIEH U3

toukun O'. Be3 3aMeTHOM ONMIMOKA MO>XHO 3aMEHWUTHh B 3HAMEHATEJIE
TOIMHTETpaIbHOTO BhIpaxkeHust R’ Ha R . [Ipu sTom
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u(P')=— Af exp(~ikq-r')dQ. (6.113)
Ag

Tenepb WHTErpUPOBAHUE MPOM3BOIUTCS MO BCEMY TEIECHOMY YTy
Q, mox KOTOpBIM oTBepctue BuaHO u3 Touku O'. [lomydeHnHoe
BBIPOKEHHE MPEICTABIsACT cO00i mHTerpan Jlebas M BhIpakaeT IoJie Kak
pe3yJbTaT CYNEPIO3UINH TUIOCKUX BOJH, PACIPOCTPAHSIONIMXCS BO BCEX
HarnpaBJICHUX (ONpeaAesIeMbIX BEKTOPAMH ( ), TIONaJaroNux B Q.

JInst  BbIYUCICHHWS ~ WHTErpajla  NPEACTaBUM  IOJUHTEIPAIbHOE
BBIpOKEHHE B Ooyiee sIBHOM BHje. [IpuMem 3a Hadano JEKapTOBBIX
xoopauHat Touky O', mpu stom P =P'(x,,Z'), a O'=0'(&, 7. ¢).
bynewm cuurars, 4To

E'=d'psin®, x'=r'sing,

n'=a'pcosO; ' =r'cosq.

Tak xak Touka Q' JEKUT Ha CHEepUUIeCKOM BOJHOBOM (poHTE L,

HUMEEM
12 2
0
CrnenoBateibHO,
.r, B xrar_i_yrnl_i_zrgr ~ a'pr'cos(@—(p)_ ’ _la12p2 K
1 R} R} 2 R}

BBeném Ge3pazmepHbie IEpEeMEHHBIE ¥ U V, KOTOPBIE B COYETAHUU C
YIJIOM (0 ONPEICIISIOT MOJOKEHUE TOUKH P’ , a UMECHHO

2
. 2n( a ., 2n(d ), 2mad
u=——|2, V=" 1|r= X+

»\ R, MR ) AR

Ecmu YJICHBI, coacpiKamuc OTHOILIICHUC £, B CTCIICHU,
0

MPEBBIIIAIONICH BTOPYIO, IPEHEOPEKMMO Majibl IO CpPaBHEHHIO C
SJIMHUIICH, TO

’ ' R ? ’ 1 r 2
kq-r'=v pcos(e—(p)—(;?) u'+u'p.
Kpome Toro, asiemeHT TenecHoro yria d() paBeH
_dS a’pdpdd
“R?  R?
C y4€TOM 3THUX COOTHOIIECHUH MOJIy4aeM

dQ)
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.2 r\2 12n
u(P’):ia fexp i(R—?j u' j_fexp{—i[v’pcos(@—cp) +
A Ry a 00
(6.114)

+%u'p2} pdpd®.

PaccMoTpuM 1IeHTPUPOBAHHYIO ONTHYECKYHO CHCTEMY, 0O0pa3yroIlyr0
HU300paKeHNE TOYEYHOTO HMCTOYHHKA MOHOXPOMATHYECKOTO W3TyUCHHUS
Py, xak noka3aHo Ha puc.6.21. BeiOepeM Hauao AEKapTOBOWH CHUCTEMBI
KOOP/AMHAT B MECTE MapakCHabHOr0 N300pakeHusl TOUKU F, T.€. B TOUKE

», TOpU 3TOM och z HampaBuM Bnoib jdyda C'Fy, tae C'—ueHtp
BBIXOJTHOTO 3padka. Ock )’ pacHojoXUM B MEPUIMOHAIBLHOM MIOCKOCTH,
T.€. B IUIOCKOCTH, B KOTOPOW pacnojio’keHa TOuka £, W onTudeckas ochb
cucrembl. O003HaYMM uepe3 ), U ), PACCTOSHHUS OT OCH JO TO4YeK By n
P cootBercTBeHHO. Jledopmariiro BOTHOBOTO ()poHTA (OTKIOHEHUE OT
cdepbl) B 00JIaCTH BBIXOJHOTO 3payka onuiieM (yHKIIMeH adepparuil win
abepparuonsoil yuxnueii W . Iycte O' n Q' — TOYKH MepeceucHHs

Jy4ya B MPOCTPAHCTBE U300paKEHUM C BOJTHOBBIM (PPOHTOM, TIPOXOSIIIUM
yepe3 Touky C', m ¢ omopHoii cdepoii I'aycca coorBercTBenHo. Ecnm
MPEINON0KNTh, YTO IMOKAa3aTelb MPEJIOMIICHUS CpPelbl B MNPOCTPAHCTBE
M300pakeHUIl paBeH €AUHULE, TO BOJIHOBas abeppauusi W onpenensercs

paccrossarem Q'Q', u3MepeHHBIM BJOJIb Jyda (Ha pucyHke W > 0).

BrixoaHoit
3padyokK

BonnoBon
¢bpoHT

Punc.6.21. Abeppaumm B n3obpakeHnn ToHKK
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[Iycte Rj — pagmyc onopHoii chepsr ['aycca, paBHbiii otpe3ky C'Fy,
R' — paccrostare Mexay Toukod (' M IPOM3BOIBHONM TOUKOM P,
pacnionokeHHOW BONMM3M Touku F). Bo3mymenune B Touke Q'
OIUCHIBACTCS BEJIMIMHOM
Aexplik(W —R})]
R

9

A
rae F — aMIUIATyJa CBETOBOTO Bo3mymieHns B Touke (. CoriacHo

0
npuniuny [ 'roiirenca-dpenens Bo3MyIlieHHE B TOUKe P’ paBHO
i Aexp\—ikR|) ¢ c explik(W + R’
M(P')I—— p(, O)J‘J‘ p[ ( , )]dS, (6.115)
A R, R
I7le UHTETPUPOBaHUE MPOBOAUTCS MO TOW yacTu onopHou cdepsl ["aycca,
KOTOpasi OTKPbITA BBIXOAHBIM 3PAdyKOM, IPU ITOM IPEANOJIATAETCA, YTO

CMEIIEHHE TOYKH P’ OTHOCUTENBHO TOYKH F, HEBEIHKO, a II03TOMY

BapualuaMu Kod(puilmeHTa HaKJIOHA IO BOJHOBOMY (POHTY MOXKHO
npeHeOpeub. Kpome Toro, mpemmnosjaraeM, 4YTO aMIUIMTYJa CBETOBBIX
KOJICOaHMI Ha MMOBEPXHOCTH BOJHOBOTO (DPOHTA MPAKTUYCCKH MOCTOSHHA,
T.€. KOG PUIMEHT A MOXKHO BBIHECTH M3 MO/ 3HAKA UHTErpaa.

[Mycte a' —pamuyc BeIXOmHOrO 3pavka, a &,n,C wm x,),z —
KoopAauHaTel Touek Q' u P’ COOTBETCTBEHHO, IIPH STOM

E'=d'psind, x'=r'sing,

n'=a'pcosO; ' =r'cosq.

B aToMm ciydae, kak ObLIO MMOKa3aHo,

1 R/
k(R'—R))=—v'pcos(0—¢)——u'p” + (—?ju' ,
2 a
rae u' u v’ — "onruueckue koopauHaTel" Touku P, T.¢.

2
2n( a' 2n( a'
I/l,:— — Z,, V,:— = xl2+yr2
(R » (R

Mpu z'=0: k(R' - R))=—v'pcos(0—¢)= k&x +ny . IIpu aTom
Ry

;L explikW) SEX' MY .., .,
u(x,y): exp| —ik=————dEdn". (6.116)
kR ” R’ R

Benuuuny W YI[O6HO paccMaTrpuBaTh Kak QyHKOu y,, p ¥ 0:
W:W(yé,p, 6). OneMeHT TmoOBepxHOocTH onopHoi cdepol [aycca

dS = a’pdpd®. Ecmu yrom, obpaszoBanHbiii itydoM C'Pj C ONTHYECKO
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OCbI0O CHUCTEMBI, MaJl, TO MpEaeiaMd HHTETPUPOBAHUS MOTYT CIYXHUTb
0<p<1, 0<6<2n. Kpome Toro, mist Touek P', pacroJ0KEHHBIX BOIU3U

Touku £y, BenmunHy R’, CTOAIIyI0 B 3HAMEHATEJE NOIMHTETPaTBbHOTO
BBIP)KEHHS, MOYKHO 3aMEHUTD Ha R .
B pesynbTaTe M310KEHHOT0 NIOJITy4aeM

u(P')=ulu’, V', ¢)=

l-Aarz R’ 2 127
=——"—exp i(—?j u' ([ | exp{i[kW(y('), p,0) — (6.117)
A R} a 00

~v'pcos(0—¢)- %u’pz} pdpdo,

IIPY 9TOM HHTEHCUBHOCTH (OCBEIIEHHOCTh) CBETa B TOuke P’ paBHa
E(P)=u(P)u"(P)=

2

2
A2 ) |L2n ' , , .
— lez J‘Iexp {kW(yO, P, 6)—Vpcos(6_(P)_Eu pz} odpd®
0/ 100

B Touke mapakcmanmpHOro m306paxenns (V' =0,u4'=0) mpu
W(yg, 0, 9) =0 umeeM

14" 211 21 2 ( Aa” 2
EO(P'): "R ijdpd@ =T R
0o/ loo 0

Torma HOpMUpOBaHHAsT WHTEHCUBHOCTH OMPENEIUTCS BBIpaKEHHUEM
BU/A:

i(P')= % = % .:[Zfexp{i[kW(y{), p,0)—v'pcos(0 o) —

2

— %u'pz} pdpdb| .

B orcyrcTBHE abeppanuii MHTEHCHMBHOCTh CBETa MaKCHUMajlbHa B
TOUKE NapakcHaJbHOro wu3o0paxenus. Ilpu Hamuuum xe abeppatuii
MaKCUMyM HUHTEHCUBHOCTH B OOIIEM CIIy4ae MOXKET CMECTUTHCSI U3 TOUKH
napakCUaIbHOTO M300pakeHUs B Ipyryro Touky. [IpakTuueckuid uHTEpeC
MIPEACTABIIIET MAKCUMaJlbHAsA BEJIMYMHA HOPMUPOBAHHOW MHTEHCUBHOCTH
U €€ MOJIOKEHHUE B ONPEACIEHHON INTIOCKOCTU HAOMI0ICHUA. DTy BEIUUUHY
Ha3bIBAIOT YUCIOM LTpens ninm onpenenuTenbHOn SpKOCTBIO.
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Teopema cmerneHust
[Mycte W u W' — nBe dhyHKIMH abeppariyii, IpuIém
W'=W + Hp* + Kpsin0+ Lpcos0+ M ,

rae H, K, L, M — IOCTOsSIHHbBIE TTOPSJIKA A .

Bripaxkenue 111 HOpMHUPOBAaHHON MHTEHCUBHOCTH YJI00HO 3amucaTh B
BUJIC:
2

1 12w ) ) .
u , V' (p —2'[jexp[zf(u,v,cp;p,@)]pdpd@ ,
00

1
rae f(u', V', @;p,0)=kW —v'pcos(0—¢)- Eu'p2 . Ilocnemuee BeIpaXKeHME

MO>KHO IIPEICTABUTh B BHJIE:
fl, v, e;p,0)= kW'—k[Hp2 +Kpsin9+chosG+M] —

~v'pcos(6 - (p)—%u'p2 =

= kW' —¥'pcos(0— a)—%a“'pz —kM = '@, ¥, $; p, 0)— kM,

rae u' =u'+2kH , V'sin® = v'sin@o+ kK, V'cos@=v'cosp+kL.

14 2 14 2
Ho ii'=k| | 2'=u'+2kH = k| - | 2/ +2kH | Tec.
R, R,

~1 ' R(') ? ~1 Cl’ ~12 ~r2
Z'=z'+2 S| H, v = — WX " +y " ,rme
a R,
X'=7'sing = l(R—?jsinﬁ = l(R—(,)]V'sin(p + (R—?jK =x'+ (R—?jK;
k\ a k\ a a a
- ~I RI - 1 R! . R! , Rl
P =F'cosp = 1(—?)005@ = —(—?jv cosQ + (—?)L =y + (—?jL :
k\ a k\ a a a

Hrak,

i(u’, v, (p)= 5

1
[ [explif (', v', @ p, 0)]pdpd®
00

2

[ et B ond

! eXp lkM Ijexp u',v', ¢;p, 6)]pdpd6 :i(ﬁ , Vv, (p).

TC

Taxum 06pa30M, J0Ka3aHa CIEAyIollas TeOpeMa CMEIIECHHUS:
noGasnenye k GyHKImK abeppauuit uiena Hp® + Kpsin®+ Lpcos®+ M ,
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rne H,K, L, M —nocTosHHBIE TIOpsiAKAa A, HE HU3MEHSET TPEXMEPHOTO

pacnpe/ielicHis UHTCHCUBHOCTH CBETa B IMapaKCHaIbHOM H300paKeHUH
TOYKH, a TOJIBKO CMEIIAeT €ro Kak I[eJo€é B COOTBETCTBHH C
peoOpa3oBaAHUSIMU:

2
- R - R - R
X=x'+| 2K, Y=y+-2|L, Z'=+2-2| H. Hubvu
a a a
CIIOBAMH, MPOUCXOIUT CMEIIECHUE H300paKEHHsS TOYKH HaA BEIUYHUHY
Ry R
ZL—OJ H Bnone nyda C'Fy (Boosib ocu z') M Ha BEIWYHHEI (—?)K u

a a

R/ o o
(—? L BIonb HampasjieHui oceid X' U )’ COOTBETCTBEHHO.
a

Hsmenenue onopHoti cghepui
AJITUTUBHBIE WIEHBI B TPABOM YACTH BBIPAKECHUS

W'=W + Hp* + Kpsin0+ Lpcos0+ M
MOXHO paccMaTpuBaTh KaK BEIMYUHBI, XapaKTepU3YyIOIIUE H3MEHEHUE
onopHoi cdepnl I'aycca. I[lpenmnonoxum, 4To BhIOpaHa HOBas OIMOpHAas
chepa ¢ nenrpom B Touke P)(X',7,Z') BOMM3M NAPAKCHANBEHOTO
, . B D
U300pakeHus: TOUKU F,, IpU 3TOM paauyc KpuBU3HBI €€ paBeH R' = NF),

KaK IMOKa3aHo Ha puc.6.22, a pacCTOsTHUE OT HOBOW OINMOPHOUM cdepbl 10
ornopHo# cepsl ['aycca He MpeBHINIACT HECKOJIbKUX JJTMH BOJIH.

N - /HOBaH ornopHas cdepa
—~—

OmnopHxas cdepa 'aycca

BoaHoBon
¢GpoHT

Puc.6.22. ameHeHne onopHon cdepbl
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[lycte N —Touka mepecedenust ayda O'Q’ ¢ 3Toil HOBOIl OMOPHOIL
cdepoit. Torna ¢pyHkuus adeppauuii W', oTHecéHHas K HOBO# cdepe, B
COOTBETCTBUHU C puc.6.22 paBHa

W'=0'N=0'0'-NO'=Q'0'- NG,
rae G — TOYKa NEPECEUYEHUs] JINHUU N}%' ¢ onopHoit cepoit I"aycca, pu
TOM TMOKa3aTellb MPEIOMIICHHSI Cpellbl B IMPOCTPAHCTBE HM300pAKECHUI
MPEIOJIaraeTCsl paBHbIM €IMHUIIEC. Bennunna Q’Q' =W paBHa BOJTHOBOU
abeppanuu, OTHecEHHOM K omnopHoil cdepe Ilaycca, a paccrosiHue
NG = NP/ -GP/=R'-R', rne R’ — paccrosiuue Mexny Toukamu G u P .
Torna

W ~W+R -R =W +R —R)+R,-R =

o~
I
A3

2

~1 ~ 1~r R, ~1

=W+£ ~V'pcos(0—¢)——1u p2+(—0j ' |+R
2n 2 a'

2
! !
~ a ~ ~ a ~ ~
Hanmomuum, uto ' = k(—] z', V'= k(—] X2+

X'=7'sin®, y' =7'cos@.
PacKphIB MoCIeHEE BEIPAKEHHE, TTOIyYaeM

! /

W' = W—(%}/)’?'z +?'2pcosecos$—[%}/%'2 + 52 psin Osin ¢ —

0 0

2 2 2
1 !/ Rl ! _ ! - N
—— i' E’p2+(—?j i, Z'+Ry)—-R =W - @ 7'cosPpcosO —
2\ R} a )\ R, R,

2
a ~1 s~ . 1 da ~1 2 o~ ’ D!
— 7'sinepsin® —— Zp"+Z'+R,—R'.
[R('J P Z(Réj i "
Hrak,

W'=W + Hp* + Kpsin0+ Lpcos0+ M ,
! 2 !/ !/
me H=— 9 |z, k=% |x, 1= 2|y, M=z+R,-R"
2\ R} R, R,

Qopmyna Mapewans
CBeToBOE BO3MYIIEHUE B MapaKCHAIbHOM HM300pa)X€HWU TOYKH, T.€.
npu x' =0 u y' =0, B cooTBeTcTBUHU ¢ Popmyioit (6.117) onpenensercs

BBIPpAKCHUCM
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lAa'2 R' 2 12n
0,0 (ikW )pdpd, 6.118
u(0,0)=— R eXpMaj }HeXpl )pdp (6.118)

rie ipu v}, = const, W(y), p,0)=W(p, 0).
Kak wu3BecTHO, TNOKa3aTeNbHYIO (YHKIUIO MOXHO TMPEJACTABUTH

CTEMICHHBIM PSIZIOM BUJA!
2 n
X X X
expx=1+—-+—+K +—+K.
2 n!
ITpu sToM BeIpaxkenue (6.118) MOKHO MpeICTaBUTh B BUJIE:

lAa'2 R' 2 |12n 1
0,0 1+ kW kW) +K |pdpdo.
( ) XRO exp“aj :|II|:+Z +2(z )+ :lpp

[ycte W" — cpennee 3HaueHue n-i crenenn W, T.e.

12=n
msn 00 _ n
=20 _;HW pdpd®.
[ [pdpad 00
00
Tornma
. 12 1\ 2
u(0, O):—LAa S exp i(R—?) u' (1+ikl/7+lk21/72 +Kj.
A TR}, a 2

OCBEIIEHHOCTD B MApaKCHAIbHOM U300paKEHUH TOUKU paBHA

E(0,0)=u(0,0)u"(0,0)=

2

A 12 o o . o

= =4 (1+ikW L +Kj(1—ikW L —Kj.
ATR;, 2 2

B Tom cnydae, korja BOJTHOBbIE a0eppaliid HAaCTOJIBKO Malibl, YTOOBI

MOKHO OBIIO NpeHebpeub BeaMYMHaMH kW B CTENeHH BbIle BTOPOIA,

MOJIy4aeM

12 2
E0,0)~| 29| |1+ —Li2w? —iww + i ) - Li2w? | =
2 2 2

ATR,

}[1 KW’ +(kW)]

[M:R'2
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12
Ipu W =0: E,0,0)= ( Aa ZJ . Ilpm »>TOM HOpMHUpPOBaHHAA
ATR;
OCBEUIEHHOCTb B NTapaKCUAIbHOM M300paK€HUH TOUKH PABHA
. E(O, O) 21 572 —\2
0,0)=—"==1-k\W"=-W)| 6.119
0.0)= 6 =1-# 7 -7 (6.119)

OmnpenenuM  cpelHEKBaJIpaTUYECKyl0  JeQopMaluio  BOJHOBOTO
¢dbpoHnTa

N | =

izn[W(p, 0)— | pdpdo
Wiea = o0 12n (=
[ [pdpd6
00
1 [L2z _l2n o k2T %
:TD [W2(p,0)pdpdd 2 [ [W(p, 0)pdpdd + ()" [ [pdpd® | =
Tloo 00 00

1 1
_| -2y 7)) <[ - )
[TonydeHHslil pe3ynbTaT MO3BOJISET Npuaath Gopmysie (6.119) Bun
u3BeCTHOM dopmysl Mapermans

néa -

2
i(0,0)=E(0,0)~1- (%’"j W (6.120)

B cnydae wmanmoit BenmuumHbl abeppaumii uyucno IllTpens paBHO
HOPMHUPOBAHHOW OCBEIIEHHOCTH, onpeensieMon Gpopmyinoit Mapemarsi.

CornacHo MpaBUJly YETBEPTH BOJIHBI Panes kadecTBO HM300pakeHUs
MOXHO CYHUTaTh JIOCTATOYHO COBEPUICHHBIM, €CJIM MaKCHUMaJbHas

A
negopmainusi BOJIHOBOrO (ppoHTa ‘W‘max SZ. Cnenyss Mapemaito,

OPUHATO CYUTATh KA4eCTBO H300paKEHHUS JOCTATOYHO COBEPIICHHBIM,
€CJIM HOpMHpOBaHHasg OCBEIIEHHOCTh (uuciio tpens) e menee 0,8. U3

(dopmyisl (6.120) cnenyer, 4to B 3TOM ciydae Wi, < %
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