Ik3ameH. IloJiochbl pABHOI0 HAKJIOHA B MHTep(hepomeTpe MalikeJIbCOHA.

OO6pruHO MHTEpEepoMeTp MalKkenbCoHa OCBEIIAIOT IapauICIbHBIM ITyYKOM
Jyder, Korja HMCTOYHMK CBETa PacHoloKeH B (DOKAIbHOM IUIOCKOCTH JIMH3BI
KOJUITUMATOpA.

Jloxanmu3oBaHHbIE Ha OECKOHEYHOCTH II0JIOCHI PaBHOTO HAKJIOHA MOYKHO
Ha0MoAaTh B OKAIBHOM MIOCKOCTH JIMH3BI (0OBEKTHBA).

OnTrhueckas cxemMa C TOYEYHBIM HMCTOYHHKOM CBETa M300pakeHa Ha
HIDKECIIETYIONIEM PUCYHKE:

H200paKeHHe TIPAROTO 3epKana
4/_/_/_(_//_45

LSy S

KOIUTHMATOpHAaA
JIHH3a

00bLeKTHR

SKpaH

Ha pucyHke Haj BEpXHUM 3€pKajiOM MOKa3aHO U300pa’keHUE MPpaBoro 3epkaia
B MOJIYIPO3pAaYHON MJIACTHHKE. JTO U300pakKeHUE U BEPXHEE 3epKaJio 00pa3yloT Kak
Obl MJIOCKOMApaJIENbHYIO IUIACTUHKY, Kak Obl OT KOTOpOil oTpaxaetcst cBer. Ha
9KpaHe B (POKaJIIbHOM MIIOCKOCTH 00BEKTHBA HA0JII0Ial0TCA MTOJIOCHI PABHOI'O HAKJIOHA
B CBETE KaK Obl OTPAKEHHOM OT KaK Obl 3TOH MJIOCKONApaIUIEIbHON MIIACTUHKH.

[Ipu ocemennn uHTephepomerpa MalikenbcoHa MapauieIbHBIM TyYKOM
Jy4deld TOJIOCKI PABHOTO HAKJIOHA INPEBPAIAIOTCS B OJHY TOYKY Ha DJKpaHe.
MomHOCTh cBeTa B TOYKE Ha B3KpaHE 3aBHCUT OT pAa3HOCTU pACCTOSHUM OT
MOJIYyITPO3PAYHOM TUIACTUHKY 10 ABYX 3€pKasl UHTEep(hepoMeTpa.

N300pakeHre Ha SKpaHE HE COBCEM TOYEUHOE M3-3a JU(paKLHUHU CBETA Ha

. A
JUH3e, Kak Ha nuadparme. {udpakuroHHbBI pagnyc n300pakeHus 1.225 f>. 3nech

D — nuamerp mydka Jiyded cpa3y mnocie oOwnekTuBa. lloapoOGuee 310 Oyner
00CY>XIaThCsl TIPU PACCMOTPEHUH TUGPAKIUN cBeTa. Ecnu OJHO M3 3epKai cierka
MOBEPHYTh, U MEXKY JIydaMH OTPaXXKCHHBIMU OT JIBYX 3€pKaj IydyKaMu JIydeil OyaeT

A
yroia OoJibllie, 4em 1.225, TO JIBA TOYEYHBIX M300paKEHUS MCTOYHHMKA HA SKpaHe

pazoiiiyTcs W TepecTaHyT uHTepdepupoBarh. ITO SBISETCS €€ OJHUM
MOATBEPKIAECHUEM TOTr0, YTO TMOJOCHI PABHOTO HAKJIOHA HENb3sl HaOMoAaTh Ha
ONTHUYECKOM KJIMHE BMECTO ILIOCKOMAPAIIJIEIbHOMN MIIIACTUHKH.



Ecau B xauecTBe MCTOUHMKA CBETaA B3STh HpOTSDK@HHBIfI 06’beKT, TO Ha 9KpaHC
6y,Z[€T I/I306pa>KeHI/I€ 9TOI0 NnpcaAMCTa, IOKPBITOC I/IHTep(l)epeHI_[I/IOHHBIMI/I KOJIbIIaMU,

ITIOXO0XXHMH KOJIbIIaM HrroTona.

Jk3ameH. 110,10ChI pABHOM TOJIIMHBI B MHTepdepoMeTpe MaiikeabCOHA.

[To cpaBHEHUIO C TpeAbIAYIIEH ONTUYECKON CXeMOM MepeMecTMM OOBEKTHB
BBEpX BIOJb JIy4ell WIIM 3KpaH — BHHU3 TaK, YTOOBI IJIOCKOCTb, COMPSIKEHHAS
AKpaHy, OKa3ajaach BMECTO OECKOHEYHOCTH B 00JIacTH KakK Obl MIOCKOMapauieIbHON

MJJACTUHKHU 3€pKal.

H300pakeHHe MPABOIo 3epKana
LA

L LY
KOJUTHMATOPHAs

1

JHH2a .

JKpaH

I/I306pa)K€HI/I€ IIpaBOIro 3CpKajla B HOHYHpO?)pa‘{HOﬁ INIACTUHKC H BCPXHCC
IIJIOCKOIIAPAJUICIIbBHYIO  INIACTHUHKY. Ha OKpaHeC

3epKajo o0pa3yrT Kak Obl
HAOIIOAAIOT IOJOCHl PAaHOM TOJIIMHBI B CBETE KaK OBl OTPa)XCHHOM OT JTOM

IINIACTUHKH.

Ycnosue Ha6J'IIOI[eHI/ISI IT0JIOC paBHOﬁ TOJIIINHBI 7
a

1 1
=—+— olpenenser
2 b

HCO6XOI[I/IMO€ T UX Ha6HIOIIeHI/IH PaCCTOAHUC b ot 00BEeKTHBA A0 3KpaHa.
B oTnmuune ot nmosoc PaBHOI'O HAKJIOHA C TOUYCYHBIM I/I306pa}KGHI/I€M Ha 3KpaHCcC,

B cllydae HaOJ0JIEHUS MOJI0C PaBHOW TONIIMHBI HA SKpaHe BUIHO OOJIBIIOE MSATHO —
M300paKeHHE OCBEIIEHHON YacTH BEpXHEro 3epkaia. [ISTHO MOKphITO mojocamu
PaBHOM TOJIIMHBI KaKk OBl ONTUYECKOTO KJIWHA, €CIM OJIHO W3 3€pKall 4yTh
noBepHyTO. [10J0CH COOTBETCTBYIOT PaBHOM TONIIHMHE ONTHYECKOTO KJIMHA MEXKITY
BEPXHHUM 3€pKaJIOM 1 U300paKEHUEM IIPABOTo 3epKaja.

[Ipu uneanbHON IOCTUPOBKE (HACTPOMKE) 3epKaj IMIMPUHA MOJI0C OECKOHEYHa,
U TSITHO Ha DKpaHe pPaBHOMEPHO OCBEHICHO (PaBHOMEPHO CBETIIOE WJIM PaBHOMEPHO

TEMHOE).

Ix3amen. Uarepdepomerp KameHa.




OnTtuueckas  cxema  uHTepdepomerpa  Kamena  mpuBeneHa  Ha
HIKECIIEYIOIEM PUCYHKE.

mycTas
KIOBeTa
KIOBETA C
HCCIIETy eMbIM
razoM
SKpaH

Uureppepomerp Kamena, kak u Jpyrue HUHTEpHEpPOMETPHI, OOBIYHO
MCIIONIB3YIOT JIs1 OJIyYE€HHS 3aBUCHUMOCTHU TIOKA3aTelsl MPEIOMIIEHUS! UCCIIETyEMOro
ra3a OT €ro JIaBJICHUS U OT JJIMHBI BOJIHBI CBETA.

[IycTh B KaXI0M M3 JBYX MHTEp(EpPUPYIOIIMX Jy4Yed yCTAaHOBJIEHA OJHA W3
JBYX OJMHAKOBBIX KIOBET.

Ecnu untepdepomerp KameHna ocBemiaTh napajiesibHbIM IIyYKOM Jyd4eil, TO
IpU UACAIBHBIX IUIOCKOMApAJUIENbHBIX IUIACTUHKAX BECh JKpaH OyaeT 3acBeyeH
paBHOMepHO. Eciin X0Ts1 Obl 0/1Ha U3 TUIACTUHOK HE COBCEM ILJIOCKOINApaliesibHa, TO
oOpa3yercs ONTHUECKUN KIIMH, 1 HHTep(PEpUPYIOIINE BOJIHBI IPUXOAT Ha 3KPaH Mo
HEOOJBIIUM YIJIIOM JIpYr K Apyry. OnNTHYeCcKUi KJIMH MPUBOJUT K IMOSIBICHUIO HA
9KpaHe UHTEPPEPEHLMOHHBIX MOJIOC.

OKCHEpPUMEHT IO M3MEPEHHUIO I[OKa3aTeNsl MpEIOMIICHUs Tra3a COCTOMT B
cienyromeM. CHavasia 00€ KIOBEThl OTKaYMBAIOT, 3aT€M B OJHY U3 KIOBET, HAIIPUMED
HIDKHIOIO, TOCTENEHHO HAIyCKAaIT HCCIeayeMblid ra3. B mpouecce u3MeHeHHs
JABJIEHUS Ta3a HM3MEHSETCS €ro Moka3areib IMPEJOMIICHHUS W ONTHYECKas JJIMHa
HI)KHEW KIOBETHI.

[loka wm3MeHsieTCs NaBlIEHHE Ta3a UHTEP(PEPEHLMOHHBIE MOJOCHl OEryT Mo
skpany. HyXHO cocuMTarh, CKOJBKO MHTEPPEPEHIIMOHHBIX IMOJO0C MPOXOAUT Yepes3
(¢uKCcUpOBaHHYIO TOUYKY 3KpaHa. [lycTb yuCiO monoc paBHO m, TOrAa ONTHYECKas
JUIMHA KIOBETHl U3MEHSAETCS Ha BEIMUUHY A =mA . DTO ¢ OHOI CTOPOHBI, a ¢ APYroi
CTOPOHBI, W3MEHEHHME ONTHYECKOM MJIUHBI KIOBEThl paBHO nl/—[, tne [ —
reOMETPUYECKAsl TIMHA KIOBEThI. TOr1a u3 paBeHcTBa

mA=1(n-1)

MOKHO 3KCIEPUMEHTAIILHO ONPEACIUTh BEIMYMHY MMOKA3aTeNsl IPEIIOMIICHUS 71 .

[IpencraBisieT MHTEPEC, KAK 3aBUCUMOCTh ITOKA3aTeIsl PEIOMIIEHUS OT AJIUHBI
BOJIHBI CBETa n(i) WM JIACTIEpCUsl CBETa, TaK W 3aBUCUMOCTb IIOKa3aTens

IMPCIIOMIICHHA OT AABJICHUA WMJIW KOHOCHTPAIUN N HCCIICAYCMOTO Ia3a IJIsd IIPOBCPKHU

n
opmynnl Jlopenu-Jlopentna ———=—7Na wim ——~N, 3l1ecb o —
pMmy. p p



MOJISIPU3YEMOCTh  MOJIEKYJIBI WM KO3(P(QUUHUEHT NPOMOPLHOHATBHOCTH MEXKIY
JTUTIOJIBHBIM MOMEHTOM MOJIEKYJIbl U HAIIPSKEHHOCTHEO CBETOBOTO NOJIs p = k.

Ir3amen. Uarepdepomerp PoxaecrBenckoro (Maxa — Henaepa).
OnTtuueckas cxema uHTepdepoMeTpa MPENCTaBICHA Ha HIDKECICAYIOIEM
PHUCYHKE:

IIyctan
KIOBETa

—
—

—

13
ki

Kroeeta
C rasom

[Tpenmy1iecTBO 3TOM cXxeMbl 10 cpaBHEHHUIO ¢ uHTephepomerpom KameHa B
TOM, YTO 3/I€Ch JIETKO Pa3MeCTUTh IIMPOKHE KioBeThl. Hemoctarok cxembl — OoJee
CJIOXKHAs FOCTHUPOBKA.

dakynpTaTUBHASA BCTABKA.

[Tpu HaOmoneHnn MHTEPGEPEHLIMH OT HENAa3e€pPHOr0 MCTOYHHMKA CBETa IMEpen
UHTEP(PEPOMETPOM U MOCIIEC HETO YCTAaHABIMBAIOT 10 OJTHOM JIMH3E.

[TycTh MOBEPXHOCTh UCTOYHHMKA CBETA OTOOpa)kaeTcs MEpBOMl JIMH30M BHYTpHU
uHTEepdEepOMETpa B KAXKI0€ U3 ABYX IJIeY UHTEPPEPOMETPA B BUAE JABYX IJIOCKOCTEH
n3o0paxkeHusi. B 3Toil miuockocTu M300pa)keHUsi OJJHOTO U3 IUied uHTepdepomerpa
MOXHO TOMECTHTh HMCCJIEIYEMBbII MpPO3payHblii OOBEKT, HAIpHUMEpP IUIaMsl CBEYH.
DKpaH 1ocjie BTOPOM JUH3BI (32 UHTEPPEPOMETPOM) YCTAHABIMBAIOT TaK, YTOOBI Ha
9KpaHe HaOMIJaduCh TMOJOCHl PpPAaBHOM TOJIMIMHBI OT JBYX I[OBEPXHOCTEH
M300pakeHHsI UCTOYHMKA CBETa B MepBoW JMH3e. Ha skpaHe HaAOIIOAAIOT MOJIOCHI
paBHOM ONTHUYECKON TOJIUIMHBI, KOTOpPbIE OTOOPAXKAIOT ONTUYECKYIO IJIOTHOCTb
IJJAaMEHU CBEYM B Pa3HBIX TOYKAX CBEYM. TaKyr OINTHYECKYIO CXEMY Ha3bIBAOT
unreppepomerpom Maxa — llennepa.

B wunrepdepomerpe Maxa — llenaepa HaOmoAaroTCs TMOJIOCHI PaBHOMN
TOJILIMHBI, B UHTEphepoMeTpe POk 1eCTBEHCKOI0 — MOJIOCH! pAaBHOTO HAKJIOHA.

Konen ¢akyJnbTaTUBHON BCTABKHU.

dx3amed. Uarepdepomerp Pries.
OnTtuueckas cxeMa UHTepPepoMeTpa Npe/ICTaBICHA HA PUCYHKE:




Kroeera

C rason BKpaH

Jindpaxkuuda.
Judpakiys BOJIH — 3TO orubaHue BOJTHAMHU MPETISITCTBUM.
Kak u unrepdepeniuto, Oyaem paccMarpuBaTh AUGPAKIUIO B BaKyyMe.

dakyabTaTnBHo. MHTEerpagbHas teopema Kupxroda.

HNurerpanpHas Tteopema Kupxroda 1o03BOJIIET BBIPA3UTh  aMILUTUTYTY
CBETOBOTO IMOJs B TOYKE HAOIIOJNEHMSI Yepe3 HUHTerpaj mo Jo00M 3aMKHYTOM
MMOBEPXHOCTH, OXBATHIBAIOIICH 3Ty TOUKY HaOto/ieHus. B cieqyroleM Bompoce Mbl
00CyIMM TO, YTO BKJaJbl OT Pa3HBIX TOUEK OXBATHIBAIOIICH MOBEPXHOCTH MOXKHO
paccMaTpuBaTh, KaK U3Jy4eHUsI BTOPUUYHBIX UCTOYHUKOB CBETA PACIOJIOKEHHBIX Ha
ATON OBEPXHOCTH.

PaccMoTpruM BOJTHOBOE ypaBHEHHE JJIs1 KOMILUIEKCHOTO CBETOBOTO TTOJIS:

- 1 0%
AE -——=0,118 ¢ — (hazoBas CKOPOCTh CBETOBBIX BOJIH.
c” ot

[TycTh 3aBUCUMOCTD MOJIS E or BPEMEHU MOHOXpOMaTHYECKas

E(t,7) = Ey(F)- ™",

[TogcTtaBUM 3TO BBIpAXXEHHUE B BOJHOBOE YpAaBHEHUE M IOJYYUM ypaBHEHUE
I'eapMronpia st MPOCTPAHCTBEHHOW 3aBUCUMOCTH KOMIUIEKCHOM aMILIUTYAbI

Ey(7) xommiekcroro nons E(¢,7):

AEO+k2E0=O,r;[e k=2
c

EO (I_/") — KOMIUICKCHAA aMIUIMUTY A pa3Has B PA3HBIX TOUYKaX IIPOCTPAaHCTBA.

YMHOKHM NEPBOE YPABHEHHUE HA |/ , BTOPOE YMHOXHUM Ha ¢, U PACCMOTPUM
Pa3HOCTh ABYX YPaBHEHUI:

vAp—pAy =0. (1)



PaccmoTrpum
div(l//V(p -V 1//) = div(t//V(p) — div((pV l//) = (?, l//V(D) — (V, oV l//) .
Kaxxgoe u3 AByX ciiaraeMbIX packpoeMm, Kak MPOU3BOAHYIO OT MPOU3BENCHUS U

MOJTyYHM:
(ﬁ, ylﬁ(p) —(?, oV 1//) = (@ t//ﬁ(o) +t//(§ﬁ(p) —(ﬁ(pﬁ 1//) —(p(@ﬁ 1//) =
=y Ap—-pAy =0
[Tocnennee paBeHCTBO HYJIIO cleAyeT U3 paBeHcTBa (1).

Utax div(l//ﬁgo—(pﬁt//):o =>
O:J.div(ty@gz)—q)@t//) dVZQS((l//§¢—¢)§l//),d§), (2)
V S

rac IoCICAHCC PAaBCHCTBO — JOTO TCOPCMaA Faycca-OCTporpaI[CKoro,

mmmmammxswnmmmymmm(W€¢—¢ﬁw)ﬂmme
J{(w90-09).5) = (v (0.05)-o(Tv.5)).
ﬁmuﬁ}4€¢LJﬂ:§9munmﬁ——mmmmmmmmmbmm@mmmns.

S on
Torna
= = — 5 0 0
SE(://(V(p,dS) —(p(V W,dS)) = C:E(Wé_fl) —gp@—l’/n/) dS=0.
[Tocnennee paBeHCTBO
op Oy o
?f(‘”a‘%_nj ds =0 (3)

HYJIIO OTIPEIeNISIeTCs JIEBOW YacThIO paBEHCTBA (2).
[ToacraBum B paBeHCTBO (3) 4)(!//6_(0 — (pa—wj dS=0 dbyukuuun @ u ¥ B
3 on on

BHUAC:

@=Ey(7)
ik, rae Eqy(F) — KOMIUIeKCHas aMILIATY(a CBETOBOTO TOJISL.

l// =
r
YroObl WMETh MpaBO MOJACTAaBUTH 00€ (PyHKIUHU

q-{l/lﬁ_(p — (pa—l//) dS =0 Heobxoaumo, dYTOOBI 00€ (QYHKUUU YIOBIETBOPSIIN
S

B paBeHCTBO (3)

on on

ypaBHeHUIO [ enbpMrosibiia:
Ap+ kzgo =0
Ay + kzl// =0 .



KomriekcHas aMIuMTyjia CBETOBOTO TOJIsS EO (17’ ) YIOBJICTBOPSIET YPaBHECHUIO
I'eneMmrosea
AEy+k*Ey=0,

TaK KaK caMO CBCTOBOC IIOJIC E(t,l_’:) YAOBJICTBOPACT BOJIHOBOMY YPAaBHCHHIO

M MBI XOTHM paCCMOTPETh MOHOXPOMATUYCCKOC CBECTOBOC I10JIC B BU/IC
—za)t
E(1,7)=Ey(F)-e

ikr
e
[TokaxxeM Teneppb, 4TO QYHKUUS Y =—— TOXKE YJIOBJIETBOPSET YPABHEHHIO
r
eikr
I'enpmronbiia. DYHKIUSA ¥ =—— HUMEET CPEPHUCCKYI0 CHMMETPHUIO, TIO3TOMY
r

MPOBEPKY YA0OHO IMPOBOAUTH B C(PepHUECKON CHCTEME KOOPJMHAT, TJIe OmepaTop
Jlanaca uMeeT clieny o BUIL:
2
Alﬂ:%-i(rzal//)+ 5 L (sin(&)-al/jj+ > 12 -al/g
P2 or\" ar ) y2sin(0) 00 00) 2sin>(0) o
eikr
OyHKIUA i = —— 3aBUCUT TOJBKO OT KOOPAUHATHI ¥ . B TakOM ciiydae HYKHO
r

PaCCMOTPECTDL TOJBKO ITPOU3BOAHBIC 110 7.

1 0 20y
v r2 81”( 8]")
ikr ikr ikr
R | el | R O B T
re or or\ r 2 or 2 r 2 o
. . . ikr
=i2-(—ik-el’” +(ik-e”” —kzr-e””))z—kz-e—z—kzw
r

CpaBHuUBast HAYaJIO U KOHEI] [IETTIOYKHA PABEHCTB, MTOTYyYUM
Ay + kzl// =0 — ypaBHeHue ['enbmromnbua s QyHKIUUA i .

¢ =Eo(7) 5
[ToncTtaBum ok B PABEHCTBO (1) Cj)(t//——go l//)dS 0 u monyyum

l//:_ on on

S
r
eikr aEO(Ij:) . P eikr
: —Ey(7)—| —||-dS=0 4

4) r on 0( ) on\ r )

S
Teopema I'aycca-OcTporpajackoro, Ha OCHOBE KOTOpPOH OBUIM IIOJY4YEHBI

paBeHcTBa (3) u (4), cpaBe[IBa TOJBKO B TOM CiIydae, €CIHM MOIbIHTErpaibHast
(GyHKUIHMS HE HMeeT OCOObIX TOueK B o0beme V', TO ecTb He oOpamaercs B



OECKOHEYHOCTh HU B OJJHOU Touke oObema V. Hac xe OyaeT uHtepecoBaTh Ciiydail,
Korjna Touka » =0 HaxoauTCs BHYTPH paccMmarpuBaeMoro oobema V. 13 oObema,

OTPaHUYEHHOIO0 MOBEPXHOCTBIO S HaM HYKHO HCKIKOYHUTH TOUKY 7 =0, B KOTOpPOM
eikr
¢byHKUIMS ¥ =—— oOpaiaerca B 06CKOHEYHOCTb.
r

byaem cuurtarh, 4To rpaHuna S o0bema V' ABYCBSI3HAS M COCTOMT U3 JIBYX
OJTHOCBSI3HBIX IIOBEPXHOCTEN 57 U S, .

3nech S; — Manas cepa ¢ HeHTpoM B Touke 7 =0.

Ecnu B paBeHcTBe (4) # — BHEIIHASI HOpMaJlb 00beMa V', TO
cﬁ + (j) =0.

S5

Ecnu ke B paBeHCTBe (4) 71 — BHELIHAA HOPMaJb IOBEpXHOCTER S U S5, TO

—CJS +g> —0 = (j) :;ﬁ <=>

Sy Sy
ikr (= ikr ikr (= ikr
CJ‘) © .aEO(r)_EO(,?).i e -dSz(_f) © .aEO(r)_EO(,?).i € 1.4
r on on| r r on on| r
S Ss
PaccmoTpum noapoGHee Cf) — WHTerpas no Manou chepe.
Sy
ikr (= ikr
$ =4 ¢ .6E0(’”)_E~0(;).ie_ dS =
5§ r on on| r
ikr (= ikr
=<j‘>e Ok (7) czS—qSEO(f)-i € las~
r on n| r
Sy Sy
ikr (= ikr
~ 5 .gsﬁEO(r)-dS—Eo(f)- o1e” \as
r on on| r
ikr
B nocnennem paBeHCTBE M3 IIEPBOIO MHTETpajia BHIHECEH COMHOKHUTEIb e—,
r

TaK KdK OH IIOCTOAHCH Ha ITOBCPXHOCTHU C(l)epBI C IIOCTOAHHBIM pPaanuyCoOM 71 . U3



BTOPOr0 MHTETpajia BHIHECEH COMHOKHUTEIb EO(F ), TaK KaK OH IMOYTH MOCTOSHEH
U151 c(hephbl MaJIoTo pajanyca.

ikr 5E (—>)

e o\”
Paccmotpum mepBoe cnaraemoe CJS -dS B TIOJy4YUBIIEMCS

r on
S
0Ly (7)

BBIpQXXEHUU. 3JE€Ch MOABIHTETPAIBLHOE BBIPAXKEHUE “on OTPAaHUYCHO, TaK Kak

n

EO( ) He umeeT ocodeHHoctu npu 7 =0. [Inomane chepsr S = 47zr2 ~ r2. Torma u

OEN (7
BECh HHTEIpaj (j}%-cﬁ OTpaHUYCH CjIaraeMbIM IIPOIOPIIMOHAIBLHBIM 2o
n
N
YYeTOM OTPAaHHMYEHHOCTH ITOABIHTETPAIBHOTIO BBIpaKeHUs. IIpr MallbIX 3HAYCHUSIX

ikr
e 1

BEJIMYUHBI ¥ COMHOKUTEJNb MEPE] HHTETPAIOM —— MPUMEPHO IMPONOPIIMOHATICH —,

r r

1 BCC BBIPAKCHUC C IICPBBIM MHTCI'PAJIOM CTPECMHUTCA K HYJIIO!

ik -<j‘>6E°(F) S~
r

r——0.
an r—)O
Sy
PaccMOTpUM Teneph BTOPOE CIaraéMoE B BBIPAKEHUH
ikr (= ikr
e OE, (7 ~ L Ol e
CJS ol )-dS—EO(r)-qS— — |-dS, a umenHo:
r on on\ r
Sy Sy
kr
~ 0| é
—Eo(r)-ch— — |-dS.
on\ r
Sy
3/ech COMHOXKHTEND nepen uHTerpanom Ey(7)= Eq(0) — 1o ammmryna
o 0
cBeToBOro noJjisg B Touke » =0, a —=—_Torna
on or
kr ikr
~ 0| é ~ 0l e
—Eo(F)- $—| — |-dS =, (0)p—| — dS——EO(O ngS
on\ r or\ r
1 1
e 1
B nocneaneM BBIPaXEHHUHU IPH MAJbIX 3HAYEHUSAX 7 IOJNyduM —— ~—. Toraa
ooy
a eikl"
Fol e ~—— . Crie/10BaTeNbHO, 1BA HHTETPaIAa MOKHO 3aMEHHT OJIHUM BTOPBIM
r r 7
MHTETPAJIOM U MOJTYyYHTh
kr ikr
~ 0| é ~ 0l e
—Ey(F)-¢—| — |-dS =~ —E((0) — (ﬁdSz
on\ r or{ r



~—Ey(0)- —riz -ngS:EO(o)-rizAmz:47:17?0(0).

A

TOF,Z[a N3 PaBCHCTBA HHTCIPAJIOB II0 ABYM ITOBCPXHOCTAM Cﬁ Iq‘) u

S5
PaBEHCTBA MEPBOTO MHTETpaJia BETUINHE 47ZE0 MOJTy9aeM:
- 1 o[e" 0By (F) - o (e
E,(0)= . . —E (7)) —| — | |-dS.
0( ) 4 CJS r on 0( ) on\ r

S
3nech 11 — BHELIHSA HOPMaJb MOBEPXHOCTU Sy. 3aMEHUM €€ Ha BHYTPEHHIOIO
HOPMaJb, a MOSBJISAIOMIMICSA IPU 3TOM 3HAK MUHYC KOMIIEHCUPYEM IEPEMEHON MECT
MIOABIHTETPANIBHBIX cJIaraeMbIX. [IOCKONBKY B pacCMOTPEHMHM OCTAIACh TOJIBKO
HNOBEPXHOCTb S, MepeoOo3HaunM S, — S U IOIy4YUM HHTEIPAIBHYIO TEOpEMY

Kupxroda B okoHUaTEIHHOM BHJIE:

~ 1 . o[t M Ey(F
By (0)=-Lf| Bo(r)- 2| |- Bl
S

.ds, 3)

r r on

I7ie 1 — BHYTPEHHSA HOpMallb 3aMKHYTOM MOBEPXHOCTH S, U Touka » =0
pacmnoJioKeHa BHYTPH 3TOW 3aMKHYTOW TOBEPXHOCTH.

Ir3amMen. Craasapuas teopus tudpaxkuuu Kupxroda.
[Ipu paccMOTpeHMHM MPEabIAYIIEr0 BOMPOCAa Mbl CO3HATENBHO HE MHUCATH

3Ha4YKa BCKTOpa Yy HAIIPSAKCHHOCTHU SJICKTPUYICCKOI'O IIOJIA E (t,l_/" ) H Y aMILIUTYObI

HaIIPpsOKCHHOCTH EO (l_/") .

Teopus nudpakuum Kupxroda HazpiBaeTcsl CKaJsspHOW, 4TOOBI MOAYEPKHYTH
€€ HECTPOrocTh B IPUMEHEHUHU K PACCMOTPEHHUIO TU(PaKIIUU CBETOBOTO MOJIS.

B oOcyxnaemoii Hmxke Tteopun Kupxroda paccmaTpuBalOT TOYEUHBIH
MCTOYHMK CBETA, U3JIyYAIOMINI CHEepUUECKd CUMMETPUYHBIE BOJHBI C KOMIUIEKCHOM
aMIUTATYJON BUJA:

- eikl”()
Eqg(7y)=Ag—,
o
rac I_’:O — BeKTOp, HpOBeI[eHHBIﬁ N3 TOYCYHOIo MCTOYHHMKA CBECTA B TO‘IKY

HEI6J]IOI[€HI/I}I. Ha camom ACJIC DJICKTPOMAIHUTHBIC BOJIHBI ITIOIICPCYHEI, a4 IIOIICPCUHEBIC
BOJIHBI HC MOTI'YT OBITH C(l)epI/ILIGCKI/I CUMMCTpPHUYHEI. Bwmecto C(l)epI/ILIGCKI/I
CUMMCTPHUYHOI'O IIOJII HAO0 OBLIO OBI pacCMaTpuBaTh I10JIC U3TYyUarOCro AUIIOJIA.
HTaK, IIyCTb HCTOYHHKOM CBCTa ABJLICTCA OIUH TOYCUHBIN C(l)epI/ILIGCKI/I
CI/IMMGTpI/I‘{HBIﬁ HCTOYHHK SO‘ Hac 6YII€T HHTCPCCOBATL CBCTOBOC IIOJIC B TOYKC

HaOmoaeHust P. Touky HaOMIOIEHNUs OXBATHIBAET 3aMKHYTas IOBEPXHOCTh S Takas,
YTO UCTOYHMK CBETA Sy PACIIOJIOKEH CHAPYXKH IIOBEPXHOCTH S .



BBenem HeoOxo1uMble 0003HAYEHUS:
7 — paauyc-BeKTOp U3 TOUKU HAOMIOJeHUsI P B TOUKY Ha MOBEPXHOCTH S,
1y — paauyc-BEKTOP U3 UCTOYHHUKA CBETA S B TOYKY Ha IIOBEPXHOCTH S,

/i — BHYTPEHHSISI HOpMaJIb IOBEPXHOCTH S .
0y MU «a — YIIbl, HA KOTOpPHIE CBET IIOBOPAaYMBACT OT HMCTOYHHKA K

BHYTPEHHEIl HOpMaJM U OT BHYTPEHHEH HOpMalM K TOuke HaOmojeHus. pyrumwu
CJIIOBAMH:

oy = (fz , 170) — Yyroa MeXJay HOpPMalbl0 K TOBEPXHOCTH U BEKTOPOM,
HalpaBJICHHbIM OT UCTOYHMKA CBETA S B TOUKY Ha IIOBEPXHOCTHU S .
a= (ﬁ , =T ) — yroa MexAy HOpPMajbl0 K TIIOBEPXHOCTH M BEKTOPOM,

HaIlPaBJICHHBIM M3 TOYKH ITOBEPXHOCTH S B TOUKY HaOmroAeHUS P .
B ¢opmyiny (3) paccmoTpeHHO#l paHbliie MHTErpalibHOM TeopeMbl Kupxroda

~ 1 .ot e oEy(F
By (0)=-L | Bo(r)- 2| |- Bl
S

r r on
MTOICTABUM T10JI€ TOYSYHOTO C(HhepUUeCKHu CHMMETPUYHOTO HCTOUHHUKA CBETA

-dS

- elk?"o
Eo(7y) =4y
"
U NIOJTyYUM
N N ik ikr ikr ik
EO(O):EP:ﬁ'qS e® Ole” | e Ole .ds.
47er05nr r on| n

ikr

e o
qDYHK]_II/I}I —— 34BHCUT TOJIbBKO OT 7, IIO3TOMY IPaIHCHT 3TOH (bYHKI_[HH

r

HaIlpaBJIEH BJIOJIb BEKTOpa 7, U JUIMHA TPAJUEHTa PaBHA MOJYJO MPOU3BOJHOM OT
¢yaknuu no r. IlpousBogHas oT (QyHKIUM 1O JIFOOOMY JPYrOMYy HaIpaBJICHUIO
MOET OBITh BBIPAKEHA Yepe3 MPOU3BOAHYIO MO 7, YMHOKEHHYIO Ha KOCUHYC YIJIa
MEXIy 7 W HampaBiieHueM nuddepeHurpoBanus. B Hamem ciydyae HampaBieHHE
nuddepeHurpoBaHusl 71 — 3TO HANPABICHHE BHYTPEHHEH HOPMaIM K MOBEPXHOCTH
S . PaccMOTpHUM 3TOT KOCUHYC

cos (71,7 ) =—cos(rn,—F ) =—cos(a)



Torna
o [ * d [ e* e ikr
P el e -(—cos(a))— sz—r—ze -(—cos(a)).

B IMOCJICAHCM PAaBCHCTBC IIOACTABJICHA IIPONU3BOJHAA OT IIPOMU3BCIACHUA elkr Ha

|
—. I[JII/IHa BOJIHBI MaJia 110 CPAaBHCHUIO C JIFOOBIMH PaCCTOAHUAMU. Torna

r
r>>A => l<<k:2—7[ => i<<£
r A 72 r

CnenoBaTesibHO, BTOPOE CJIara€MO€ B BBIPAKEHUM MPOM3BOJHON MO HOPMAIH
MOXHO oTOpocuTh. Torma

P eikr . eikr
—| — |=—ik—-cos(a).
on\ r r
AHaNI0ru4HO
o [ &M d [ ™0 =
— = : cos(n, 7 ) =
on| nry driy| 1y
=— -cos(ag) =| ik————€"0 |-cos(ay).
dVO N N )
C yuetoM 7y >> A MOXKHO OTOPOCHTB BTOPOE CJIaraeMoe U MOIYIUTh
P elkro . elkro
— ~ik—-cos(ay).
on| nry 1
IToxcraBum BBIPAXKEHUS IPOU3BOJHBIX 1o HOpMaJu
o eikr eikr P eikro eikro
—| — |r—ik—cos(a) un — ~ik——-cos(ey) B wuHTErpam 1o
on\ r r on| ry "y
IIOBEPXHOCTH S U HOITYUYUM:
ikry ikr ikr ikry
~ e e e e
EP:?-{) —ik—cos(a) |-—-| ik -cos(ag) | |-dS =
7 r r 7
TS\ 0
ikr, ikr ik ik
e e e e
__4 (jS -ik——cos(a )+ —ik——-cos(ag) |- dS
4 S\ 70 r r Ty
Aolk elk?'o elk?"
=— (j) (cos(a)+cos(a))dsS .
4 p r
S
B 3TOM BBIp@XeHMH 3aMEHHM 00paTHO CHEPHUECKH CUMMETPHUYHYIO BOJIHY
ikt
e ~
TOYEYHOTO MCTOYHHUKA A Ha K, (’”0) . I Oynmem cuwmrarh, 4TO TMONE C
o

aMHHHTYI[Oﬁ Eo(l_’"o) He 00s13aTeJIbHO CO34aHO TOYCYHBIM HMCTOYHHUKOM. DTO MOKHO



caciarb, €CJIM CYUHUTATh, 4YTO JIF000€ CBETOBOE I10JIE C JIOOBIM pacipeacicHucM
ikr,
e

AMILIUTY JAbI EO(FO) MOJXHO IIPpCACTABHUTb, KdK COBOKYIIHOCTb H3J1y‘l€HI/Iﬁ AO

o
TOYCYHBIX MCTOYHUKOB. CTpOFO TOBOp:, 9TO HC CIIPABCAJINBO, XOTA 6BI IIOTOMY, 4YTO
BMCCTO C(l)epI/I‘{eCKI/I CUMMCTPUYHOI'O H3JIYYCHHA TOYCUHOI'O HMCTOYHHKA JIOTHYHCC
pacCMaTpuBaTb HU3IYUYCHHC TOYCYHHOI'O JJICKTPHUYCCKOI'O JIHIIOJA. Tem He MCHEC,
Bcren 3a Kupxrodom momyuum

- lk - R elk?"
LEp= _EQSEO(’”)T(COS(Q) +cos(ag))ds .
S
[loncraBum crona = ! -27[ = ! U IIOJIYYUM OKOHYATEIIFHOE BBIPAXKECHUE
M ur T4 A 2 v p
. ikr
Ep= —;7SEO(F)QT(cos(aO)+cos(a))dS. (4)

Ota dopmyna npeacTaBiseT Moje B TOUKe HabmoaeHus P, Kak cyMMy mojiei
BTOPUYHBIX MCTOYHHUKOB CBETA, PACMHOJIOKEHHBIX Ha IOBEPXHOCTH S 3aMKHYTOU
BOKPYT TOUKH HaOI01eHus P .

[Ipoananu3upyeM aMIUIUTYAy H3IYyYCHHS Ka)X0TO BTOPHUYHOTO HMCTOYHHKA
CBeTa B TOUKE HabmoneHus P .

AMIUTMTYy/la TIPOMOPIIMOHAbHA TUIOIIAANW H3Jydaronied IUIomaaku dS,

KOMILIEKCHOM aMIIIUTYAC I10JIA Eo(l_; ) B TOYKC BTOPHUYHOI'O MCTOYHHUKA H 06paTHO

1
IIpornopmuoHalibHa ~ — PAaCCTOAHUIO » OT BTOPHUYHOI'O HCTOYHHKA JO TOYKH
r

HaOmoneHus: P. 3aBHCHUMOCTh aMIUIMTYABl OT PACCTOSHUS BHJAAa ~— XOPOIIO
r

corjacyercss ¢ TeM (akToM, 4YTO 4epe3 IOyl cdepy HpOXOIUT OJUHAKOBAS

SHEPrusi, TOTAa HUHTEHCUBHOCTD CIAJAeT C PACCTOSHUEM OOpPaTHO MPOMOPIIMOHATHEHO

1
miomaau chepbl ~—, a aMIUIMTyJa BeAeT ceOsi, KaKk KOPEHb M3 WHTCHCUBHOCTHU
r

~—. Ammmryga B Touke P umeer (a3oBbli MHOMXKUTEIh e’kr, KOTOPBIi
r

r
omnpenesieTcs: 3anas3ibiBaHueM (a3bl Ha BEJIUYUHY k¥ = 27[; B TOYKE HAOJIIOIEHUS

OTHOCHUTCIIbHO (1)2131)1 BTOPHUYHOI'O MCTOYHHKA. KpOMC TOro, aMIINTyAa BTOPHUYHOI'O
HCTOYHHKA ITPOIIOPIHOHAJIbHA COMHOKHUTCIIIO

—é (cos(ag ) + cos(ax)),

KOTOpbI Ha3piBaloT KoddduinmrentoM HakioHa. Koaddumuent nakiona
OMKCHIBAET 3aBHUCHUMOCTh H3ITy4aTEIbHOM CIHOCOOHOCTH BTOPHUYHOIO HMCTOYHHUKA



CBETa OT HANpABJEHUA BOJHBI TPUIIEAUIEH KO BTOPMYHOMY HCTOYHUKY H OT
HAIpPABJIEHUs BOJIHBI YIIEIIEH OT BTOPUIHOTO MCTOUHMKA.

3aMeTHM, 4TO BTOPUYHBIH HCTOYHUK CBETA HE M3TyYaeT CTPOTo Hasal, TO eCTh
TIPH YCIIOBHH

ayta=r nosry4aem cos(ag)+cos(ar)=0



