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E.H. AkcenoBa ['nmaBblI Kypca OnTuka
I'nasa I. ®oromerpus

Domomempus — pusuxa suoumozo ceema (A=0,4+0,76 mxm), usyuaemozo ¢ mouku 3penust
HAUWLe20 4el08eHecKo20 80CNPUMUL.

D
1. Tlycte @(A) = —= — QpyHKIHS pacpee/ICHHUsI INIOTHOCTH MOTOKA SHEPTHH 10 JUTHHAM BOJTH.

dA
YyBCTBUTENFHOCTh YEJIOBEYECKOTO TJla3a K CBETOBOW DHEPIUHU ;
(MHTEHCUBHOCTH u3iydenus) V' (A) 3aBUCHUT OT JJIMHBI BOJIHBI. J ma)
11

Ilomok ceemoeon Inepzuu — yuucmyvlii NOMOK, OYEHUBACMBIL NO

1]

spumenvromy oupywenuro, d® =dd,-V(4). 0 A.A
y 2

I
I
I
1

V(Z) — OMHOCUMENbHAA CNEKMPAIbHAA 4YECNMEUNIEIbHOCNb 2lld3a 4000 5550 7600

no ONUHAaM 80]H Hazvlieaemcs yukyuel guoHocmu. OHa MpeacTaBIeHa Ha
pHUCYHKE.
Dynryus euonocmu V(A) onpedensemcs kak — omHowienue 3pumenbHo 80CHPUHUMACMOT

unmencuenocmu d®(A) ceema ¢ Oamnoii Onunol 60HbLL A K UHMEHCUSBHOCMU
d@(/l =5550 Aj npu Mot Jice dIHeP2emUdecKoll UHMEHCUBHOCIL.

dD(A)
dd(A=5550)

[@] = nromen (1m) — CBETOBOM TMOTOK U3MEPSETCS B JIIOMEHAX, B TO BpeMs

VA=

KaK SHEpreTU4ecKuil MOTOK u3Mepsiercs B BaTTax [@,]= Bamm (Bm);

dD(am) = 62522 . dd, -V (A) = 6252 V(1) - §(A) - dA.
Bm Bm

ITpu A =5550 A TIOTOK CBETOBOM 3Hepruu @ =1.m COOTBETCTBYET SHEPIETUIECKOMY TOTOKY
@, =1,6-10"Bm = 1Bm =625 am.

11,6107

CaetoBoii notok @ =1m cooTBeTCIBYyeT @, = WBm 171 CBeTa IJIMHOW BOJHBI A.

do
2. Cuna céema I = E — NOMOK U3JIYUYEHUA MOYeUHOc0 UCMOYHUKA 6 edu;—muy meJjlecHoco yaida.

Ecmu [ =const(8), TO ecTb UCTOYHHUK MU30TPOIHBIHN, TO ISt HEro [ =—.

4r
[/]= kanoena(ko);
lam=1x0-1cp.
lim — ceemosoti nomok, usiyyaemviil U3OMPONHLIM UCTMOYHUKOM C cuioll céema 6 1KO0 @
menecHvlll yeon I cmepaouan (1 cp ).
JUIi M30TPOIIHOTO KBa3MMOHOXPOMATHYECKOr0 HCTOYHHMKA ¢ Adl<<A @=V(1)- @, =
1,=1,-r’V(A), I, —cuna cera, I, — AHTEHCHBHOCT.

ﬂﬂ}l NPOMANCEHHO20 UCMOYHUKA cOB0PAN O CUJlle ceema J1eMeRma n06EPXHOCMU das:

dd

=—C——— — 9mo xapakmepucmuKka ucmo4Huxka.

dQdS
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nao

do
3. Oceewennocms E = s — XApaKkmepucmuxka no8epxHOCH.

[E]= moxe(nx) =1 ax — ocsewennocms, cozdasaemas nomokom 6 1 im,
pasHomepHo pacnpedeneHubim no niowaou S =1 m’>.
Hopmanbhast ocBemenHocts — 50 ik (B Oesible HOUM OCBEIIEHHOCTH ~1 JiK).

OCBCHIGHHOCTL oT I/I30Tp0HHOFO TOYCYHHOI'O HUCTOYHHUKA:
dd . IdQ Icosa n,
E = naz) = =
das das 7’

i
=t

dScosa

A
dQ:T,a:(ﬁ ﬁlj’ rae 7 — HOpPMalb K IIOBEPXHOCTH, 71, —

HaIrpaBJICHUC HA UICTOYHHUK, &X — YTOJI, II0J KOTOPBIM CBET IIaaacT Ha OCBCIIAEMYIO IIOBEPXHOCTh.

4. Ceemumocmob M — c6emo6oli NnOMOK, UCNYCKAeMblll eOUHUYeEl NOBEPXHOCMU HAPYIHCY 80 8CEX

ucn

HanpaejieHuslx. M= . Ceemumocmp — xapakmepucmuxka UCmo4YHuUKa.

JM

Enunuiieit cBEeTUMOCTH SIBIISIETCS JIIOMEH Ha KBaJIpaTHBIN MeTp [M ] = —.

Cy1iecTByeT CBETUMOCTb 32 CYET OTPAXKEHUsI C KOI(D(HUIIMEHTOM OTpaKEHHS O :

M:%:pE_

ds

5. Apkocmo L —% XapaKkmepucmurka usiy4eHus 6 OAHHOM HanpaeieHuu

P dQdS cos @ P P 4 & '
SpkocTh n3MepsieTcs B KaHJeJax Ha KBaJIpaTHbIN METp: dg ﬁ

KO aM

L])=— = moxc(nk)=—;
[L]=— (1) =— e
L= M 1 : :

dQcos® AScosf dS

Ecnu sapkocmu uziyuenus ucmounuxa He 3asucum om Hanpaegienus usnyyenus L = const(6,9),

Mo Makou UCMOYHUK HA3bIBAEMCA 1IAMOEPMOBCKUM UCOYHUKOM =>
na nambepmosckozo (= kocunycnoeo) ucmounuka I =Lcos@-AS .

IIpumep.

Haiity mosTHBIHM MMOTOK ¥ CBETHMOCTSD IS JaMOEPTOBCKOTO MCTOYHUKA SIPKOCTH L.

(DzJ.L-dQ-AScosﬁzAS-LIsinecosﬁ-dH-d¢=ZE%L-AS:>

()
M= E =l — nns 1aMOepPTOBCKOTO HCTOYHHKA.
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I'nasa II. I'eoMmeTpuyeckasi oNTUKA

1. Hpunuun Pepma

T'eomempuuecxkaa onmuxa (I'O) — paszoen uszuku, 6 Komopom npeHebpezaom Haiuvuem
konebanuti ¢ eonne (A—0), popmynupys 3aKonvbl Ha A3bIKE 2eOMempuu U CUUMAs, Ymo Céem
pacnpocmpansiemcs 60016 HEeKOMOPbIX JUHUL, HA3bIBAEMbIX JYYAMU —> OMCl00a HA36AHUE —
2eomMempuyecKas unu 1yuesas OnmuKd.

Hanomuto o0mmii mopsiI0K OpraHn3alni HayKu:

1. Habmrojaem siBneHue.

2. [IpoBons u3MepeHus, NoIydaeM Yuca.

3. BeIBOAMM 3aKOH, CBSI3BIBAOLUI AT YUCIIA.

4. Haxomum crioco0 paccyxaeHuid (IPUHIINIT), TIPA KOTOPOM 3aKOH CTAaHOBHUTCS OYCBUIHBIM.

B nowuckax 1 OThICKaHUU MPUHIIMIIOB U 3aKJIF0YAETCS HICTUHHOE Belnnuue Hayku. dunocodcekuii
aCMeKT U3y4aeMbIX HaMU (PU3HUECKHX SBJICHUI — HaJU4Ke MOPa3UTEIbHON rapMOHUN MUPA, 3aKOHBI
JBIDKEHHS KOTOpOro u3yyaeT (HU3MKa, — SIBIASETCS CBHJCTEIBCTBOM TOTrO, YTO €CJIM Halle
MHUPOYCTPONCTBO M BO3HHKIIO B pE3yJIbTaTe OOJBIIOTO B3PHIBA, TO 32 3TUM B3PBIBOM SIBHO CTOSUI
TBopen. [IpakTuka moka3pIBaeT, 4TO B3pPHIB — CHJIA PA3pyIIUTENbHAS, a CO3UIATEIIFHOM OHA OBIBACT
TOJIBKO MpH TIyOOKO INMPOJyMaHHOW ero opraHuzanuu. S oOpaimaro Baile BHUMaHHE Ha TO, 4TO
SBJICHHS HAIlIeTO MaTepUalbHOT0 MUpa U (pr3MKa Kak HayKa, MX U3y4arollas, CKopee MOATBEePKIaoT,
YeM ONpOBEPraroT cyllecTBoBaHMe TBopra. Ha BoiHE aTencTHdeckoil mporaranasl OBITOBANO
MHEHHE, 4YTO 3aHsTHE HAYKOW He coBMecTHMO ¢ Bepoi B bora. bonee Toro, B 60-70-x rogax XX Beka
B pe3yJbTaTe IOKOPEHHS YEJIOBEKOM KOCMOca ObUTM TMOMYJSPHBI PAcCyXkJIE€HUS O TOM, YTO
KOCMOHaBThl He Buaenun bora u 3to nokasbiBaeT Ero orcyrcrBue. Paszymeercs, mnomoOHoe
YMO3aKIIFOUEHUE OTHOCUTCS K pa3psy YTBEP:KICHUN BYJIbIapHOTO MaTepuain3Ma, Ha HEro Toraa e
OIecTsIe BO3pasmil BEIMKUI coBeTCKHM Helipoxupypr B.®. BoitHo-Scenenkwmii: «S MHOTO pa3 aeman
olepalmio 1o TpenaHaluy yepena, Ho HU pa3y He HaxOJWJI HU B OJIHOM rojiose yma». («Tpenanamus
yepena — XHUpypruyeckas onepaunus BCKPBITHs IIOJOCTH dYepemna aias oOecnedeHus: A0CTyna K
BHYTPUYEPETHBIM OOPa30BaHUSAM WM C LENbI0 CHIDKEHUS BHYTPUYEPEITHOTO NaBJICHUs». Men.
SHIMKIIONEUS.) VIHTepecHO, YTO psij 3aMeuaTeNbHBIX OTKPHITUN B (pU3HMKe ObUI cAeNaH BETHUKUMHU
y4eHBIMH UMEHHO BCIIEJICTBHE, a HE BONIPEKU UX Bepe B bora. briectsamum npuMepoM sBisieTcs: 3aK0H
BceMupHoro tsarorenust Vcaaka Hplorona. [lpyrum TakuMm npumepoMm sBIsieTCsl OOLIMi
NPUHIUI, HATJSIIHO OOBSICHAIOIIMH 3aKOH MoBeieHus cBeTa. Ero copmymnupoBan
[Ieep depma oxoiio 1650 1.

Omo npunyun Depma 3KCMPeMarbHO20 PEMEHIU:

U3 8CeX BO3MOICHLIX NYyMell, COeOUHATOWUX 08e MOUKU, C8eMm 8blOUpaem nyms,
npoxodicoenue  Komopoz2o — mpebyem — 9KCMPEMANbHO20 — (MUHUMATLHOZO,
MAKCUMANbHO20 UNU CMAYUOHAPHO20) BPEMEHU.

®epma paccyxgan npuMepHo Tak: «CBeT BBIOMpaeT MyTh ¢ MUHHUMAIbHBIM
BPEMEHEM M3 TEOJIOTMUECKUX COOOpakeHUH, TaK KaK COBEPIICHHO CO3aHHas IPUpPo/Ia
JIeMCTBYET LieJIeHAINIPaBIEHHO ¢ MUHUMAJIbHOH 3aTpaToif CPeACTBY.

tdS tds-
:! n

(%

2
1
= —IndS — @pems npoxodHcoenus 1yua om mouku I 0o mouku 2.
c c
1

1
2
L= J.ndS — onmuyecKkas OUHa NYmu.
1
Hpyeas popmynuposexa npunyuna Pepma:
2
c6em pacnpocmpanaAemcs no nymu ¢ 9KCMpemaibHOU Onmu4ecKou ONUHOU j ndS |=0.
1
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2n_2d
WA

rac /?.0 — AJIMHA BOJIHBI B BAKYyyM€, L —onrtrueckas JJINHA ITYTH, [ — reomMeTprniccKad

2
IndS =0 < Bapuanus (He MyTaTh ¢ U3MCHEHHEM (Da3bl BOJHBI O =
1

JUIMHA IYTH, A — JJIMHAa BOJHBI B CPEJIE).
Bompoc. Kak ke ymaercss cBeTy BBIOpAaTh CBOM DKCTPEMAJIbHBINH ITyTh?
BrinroxuBaet OH, 4YTO JIM, COCCIHUC IIYTU U CPpaBHUBACT I/IX?
OtBer. B HExkoTOpOM cMbIci€ TaKk M MPOUCXOIUT, HO B pamkax ['O sty
0COOEHHOCTh CBeTa IOHATh Henb3sd, Tak Kak B O A=0. B ocHOBe KBaHTOBO-
MEXaHWYEeCKOM HHTepIpeTanuu uaen npuHnuna depma Jexur
p  TIPE/ICTABJICHHE O CBETE KaK O TOTOKE YacTHIl — ¢dotonoB. Ilycth

\ /- Hac MHTEpecyeT MomajaHue cBeTa M3 Touku A B Touky B. U3

~ T€OMETPHH SICHO, YTO MUHAMAJBHBIN yTh S, . = ACB.

~<p BepositTHOCTh MOMaganust GOTOHOB, JETALINX MO PA3TUIHBIM
MyTSM U3 TOYKM A B Touky B ~ ae’®, rme € — yron mosopora
BEKTOPOB aMILTUTY bl BOJHBI £,/ OTHOCHTEIHHO HAYAIbHOW OpHUEHTAIINN.

6~ 7T — BpeMeHH IPOXOKACHHS MyTU. Ecin CI0XUTh Bce BEPOSITHOCTH, TO TOYTH BECh BKJIA]
B 9Ty CyMMY BHOCAT (DOTOHBI, JIETSIINE 110 MyTH, O1M3KkoMy K Touke C, Tak Kak BOJIM3H IKCTpeMyMa
m00ast PYHKIHS MEHSETCSI MEAJICHHO (PKCTPEMYM — 3TO U €CTh TOYKA, T1Ie MPOU3BOAHAS (YHKIIUH,
TO €CTh CKOPOCTh €€ M3MEHEHUs, paBHA HyJ0). OcTalbHbIC XKe (POTOHBI, JETSIIUE 110 APYTUM Iy TSIM,
OyIyT KOMIIEHCHMPOBATh APYT JAPYra 3a cueT OBICTPOro u3MeHeHus Gaspif .
B Emé pa3 Ha s3bIKe SJICKTPOMATHUTHBIX BOJH: CMBICIH
OKCTPEMAJIbHOTO MYTH B TOM, 4YTO pAaBHBIE CMEIICHUS

A=CC’'=C,C; npuBoisaT B cly4ae 3KCTPEMAJILHOTO MyTH
K MEHBIIIEMY H3MEHEHHIO ONTHYECKOH JUTMHBI ITyTH CBETA, 4eM
B ClIy4yae OTpa)K€HHUsl OT J1t00O0M ApYyroi TOUKH, YTO OYEBHIHO
u3 paccmorpenust AAC'B  u AACB u AAC/B’. Tlpu 5tom Bee
otpakatourecs BOmu3u Touku C (GOTOHBI UMEIOT OfHY a3y
KoJieOaHMiA, a OTPaKCHHBIEC BAAH — Pa3HbIE.

BI
Ipunyun ®epma 3axniouaem 6 cebe mpu u3z 4uemoipex 3aKOH08 2eOMeMPUYECKol ONMUKU.
3axonvl 2eomempuyeckou ONMuKU.

1. 3axon npamonunelino2o pacnpocmpaneHus cema.:
8 0OHOPOOHOIL cpede c8em pacnpoCmpanaemcs NPAMOIUHENHO.
2. 3aKoH He3a8UCUMOCIU CEeMOBbIX IVYell:
JIYYU NPU nepeceyeHuU He 83aumMo0eticmeyiom opye ¢ Opyeom (Hapyuiaemcs
npu 8blCOKOU UHMEHCUBHOCTUL).
3. 3axon ompaxcenus:
6,.0 =0,,,— Y20l nadenus pagen yany ompadxiceHus.

4. 3axon npenomnenus:
n,sin@, = n, siné, .

3akoHsl /, 3, 4 cnenyroT u3 npuHuuna Pepma.
3aKOHBI NPSMOJIUHEMHOTO PACHPOCTPAHEHUS M OTPAXKEHHS OYEBHJHBI U3 T€OMETPHUECKUX
COOOpaKEeHUH.
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Joxaxxem 3akoH npejomiieHus u3 npunuumna dGepma.

L=nS, +n,S, =nl\/h12+x +n2\/x2 +h; = nl\/h12+x12 +n2\/h22+(a—x1)2;
dL_ B —2n,(a— xl)

2x,
dx, 1/ +x; 21/h2+(a x,)’

n,sin6, =n,siné,.

Onpen. Ecnu onmuueckue OnuHbl paziuiHbix nymeil OKa3vblearomcs 00UHAKOBLIMU, MO 2080PsM
0 CMAYUOHAPHLIX NYMAX, a COOMEEMCMEYIoWUe JIyYU  HA3bIEAIOMCA  MAYMAXPOHHBIMU.
Taymaxpounvimu A61AI0MCA OMPE3KU JyUell, 3aKTI0UEHHbIe MeNHCOY BOIHOBLIMU NOBEPXHOCMAMU.
[lycts umeem nuH3y, M300pakeHHy0 Ha pucyHke. 4, B, C, D — 2
BOJIHOBBIE IIOBEPXHOCTH, MEXKAY HHMM 3aKJIIOUEHbl TayTaXpOHHBIE
OTPE3KH JIy4del, TaK KaK 3TH IyTH TpeOyIT OJAWHAKOBOTO BPEMEHH JUIs

IMPOXOKIACHUSA. v

2. KapauHaJjibHbIE TOYKH U IJIOCKOCTH HEHTPUPOBAHHOM
ONITHYECKON CUCTEMBI

Onpen. Cosokynnocmu ayueil ecmuv ny4ok. Ecau iyuu nepecekaiomcs 6 0OHOU mouKe, mo ny4ox
eomoyenmpuveckui. Y ~Hero c@epuveckue BOJHOBBIE IOBEPXHOCTH. YacTHBIA  cirydait
TOMOIIEHTPUYECKOTO MyYKa — IMyYOK MapajIeNIbHBIX JTy4eil. Ero BOTHOBBIE MOBEPXHOCTH — INIOCKOCTH.

Onmuyeckasn cucmema OC — cucmema, Komopas ocywecmeisem npeoopazosanue c6emosbix
nYyuKo8.

Ecnu OC He napywaem coMoyeHmpuyHOCmMu Ny4Ka, mo Jayqu, eplieduiue uz mouku P, 0oncHvl
nepeceuwcs 6 oonoii mouxe P’. Oma mouxa P’ nasvieaemcs uzobpaxcenuem mouxu P.

OC — cucmemvbl, Komopvle cayxcam Oas NPeodpa308aHuUsi C8EMOBLIX NYYKO8 U NOJYYeHUs
u300padiceHus npeoMemos.

Usobpadcenue deticmeumensroe, ecau 6 mouxe P’ nepecexaromes ayuu.

Hzo06paxcenue muumoe, eciu 6 mouke P’ nepecexaiomcsa npodoncenus nyuetl, nposeoennvie 6
HanpaeieHuu, 0OPAMHOM HANPABIeHUIO PACNPOCMPAHEHUS.

Touxu P u P’ naswisaiomcs conpsicennvimi,

ConpsigiceHHbIM K OQHHOMY JIYYY S8ISAeMCst Cam JyY NOCAE NPOXOHCOEHUSI ONMUYECKOU CUCTEMbl,
ecu uzoopadcenue OelicmeumenvHoe, Uil NPoooadCeHue ayud, svluieduee 6 0OPaAmHYio CMOpPOHY,
ecau u306padiceHue MHUMOoe.

OC — co80OKYNnHOCIb OMPANCAIOWUX U NPENOMISAIOUUX NOBEPXHOCEN, OMOENSIOWUX Opye Om
opyea onmu4ecku 0OHOPOOHbLE CPeObl.

OC, obpazosannas cgepureckumu (6 4acmHOCMU — NAOCKUMU) NOBEPXHOCMAMU, SGIISEMCs
YEHMPUPOBAHHOU, eClU YEHMPbL 8CeX NOBEPXHOCMEU JexHcam HA OOHOU NPsAMOU, HA3bIBAEMOL
ONMUYECKOU OCbIO CUCTIEMDL.
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To, umo omobpadicaemcs, cocmasisiem nPoCMpaHcmeo NPeOMenos.
To, 80 umo omobpadicaemcs, cocmasisiem NPOCMPAHCIMEO U30OPAHNCEHUU.
Xapaxmepucmuku onmu4ecKoil Cucmemul:

1) @oxanvubie naockocmu u Qoxycol.

Ilnockocmob 6 npocmpancmee uz00padiceHull, CONPNCEHHAsL ¢ OeCKOHeUHOU
NJIOCKOCMbIO 8 NPOCMPAHCIEe NPeOMemos8, HA3bleaemcs 3a0Hell (HOKAIbHOU
NI0CKOCBIO.

IInockocme 6 npocmpancmee npeomemos, CONPANCEHHAsL ¢ OeCKOHEeUHOU
NJIOCKOCIbIO 8 NPOCMPAHCMEe U300PadCeHUll, HA3bl8aemcsi nepeoHell POKAIbHOLL
NA0CKOCBIO.

Touku nepeceuenusi gokanbHvix niockocmeii ¢ ocvio OC Hazvisaromcs

goxycamu.

2) I'nagnble niockocmu u mouKu.
Inockocmu, komopwvle omobpadicaiomcs Opye 6 opyea ¢ JuHeluHviM yeeauuenuem f=1,

A

3) Y3noevte mouku (y3no).
Vanamu Hazvieatomcs mouku, nexcawjue Ha ONMUYECKOU ocu U obaaoarowue ciedyrouum

CBOUCMBOM. CONPANCEHHbBIE JIYUU NPOXOOSAM Yepe3 Hux nOO 0OUHAKOBLIMU VeLAMU.
1 [ \ 1
/ /
"N\ ] N
2 o
Paccmosnue meancdy yznamu NN’ pasno paccmosnuio mescoy anasuvimu niockocmamu HH':
NN’ =HH’.
Ecnu nokazamenv npenomnenus n, cpeowvi 0o OC pasen nokazamento npeiomieHus n, cpeovl
3a OC,mo N=H u N'=H’, mo ecmb y3161 conaoarom ¢ 2naeHbiMu MouKaML.
s 1060 monKou 1uH3bl 00e ee 21a8Hble NIOCKOCMU COBNAOAIOM C CAMOU JTUH30U, NOIMOMY
8 clyuae pageHcmea nokasameJiel npeioMieHus cpedvl 00 U NOcjie TUH3bL (U MOJbKO 8 IMOM clyyae)
VY, uOYWull uepe3 YeHmp IuH3bl, He nperomisemcs. ITO OOBICHICTCS TEM, YTO B ATOM CiIydae
Y3JIOBBIC TOYKH COBIAIAIOT C IEHTPOM JIMH3BI. EcCii mokaszaTenu mpenoMyIeHUs Cpelbl 10 U IOCIe
JIUH3BI Pa3JIMYHbIC, Y3JIOBBIE TOYKH, COBIAAast MEX Ty COOO0# B OTHON U3 TOYEK ONTHIYECKON OCH JIMH3BI,
HE COBITQJIAfOT C [ICHTPOM JIMH3BI.

HA3bleAIOMCA 2NIABHbIMU.
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3. [IpuHIUNIBI TOCTPOEHNUSI U300PAKEHUIT

1. Jlyuu cnedyem nyckamo u3z npocmpancmea npeomemos 6 npoCmpancmeo uz00pasxcenuil (mo
ecmp clle6da Hanpaso).

2. Jlyuu, napannenvHbie ORMUYECKOL OCU, NPELOMIASACy Ha naockocmu H', npoxoosm uepes
poxyc F’.

3. Jlyuu, npoxooawue uepes gokyc F, cmanossamcsa napanneibHolMu — ONmu4ecKkol ocu,

NPeNloMAAACL HA 2Na8HouU naockocmu H .

4. Jlyuu, npoxodswue uepe3 y3106vle moyKu, napaiienvhvl opye opyzy. llyckas nyuu uepe3
V37108ble MOUKU (He3a8UCUMO OM UX PACNONI0dCeHUsA!), nepavlil 1yy ciedyem nyckams yepe3 npeomem
u y3106yi0 mouxy N u nonyuams napaiienvholii emy a4, uoyuuii uepes y3noeyo mouxy N

[Ipumepsl.
1) Ioctpoenue nzobpaxenus Touku S, 3uas F, F', H, H v n, =n,.

SlH’F,FH

AN
T~

2)Haiitu H', H, F’, 3uas P, P, F un, =n,.

» A H’

v Y

3)Haittu H', F’, F ,38as H, xox nyda O u conpsikenHOro emy nyda O .

L_+____J
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4. ®opMyJibl HEHTPUPOBAHHOM ONITHYECKOI CHCTEMBbI

1. OoTryeckas cuiia.

Ompen. Paccmosinue om nepeowueu enasnou niockocmu H 0o nepedneco ¢oxyca F
HA3b18AeMCsl NepeOHUM QOKYCHbIM PACCMOAHUEM cucmembl f .

« « ’ 4
Paccmosinue om 3aoneii enasnoii niockocmu H™ 0o 3a0nezo ¢okyca F’ nasvieaemcs 3aonum
poxycnoim paccmosinuem .

f, f’ —anreOpandeckue BEJIUYMHBL.

f, >0, ecru coomeemcmeennvie oxycel nexcam cnpasa om CcOOMEEMCMEYIOWUX UM
2NABHBIX NIOCKOCMENL.

f.f <0, eciu coomeemcmeenmvle poxycol nexcam cnesa om coomeemcmeyowux UM 2NA6HbIX
naockocmell.

[TpumepsL.
\
I _______
F |H H F’
I
| v \ <0, f'>0, cobuparomas cucrema.
., |HE F |H
s 7 “
N\
//1’
/I
F F ,
H H f >0, f7<0, pacceuBaromias cucrema.
H H
L 4
F F
f n o o ’
7= ——, 20e n — KoIppuyuenm nperomieHus cpeovl neped ONMu4ecKol cUucmemou, n —
n

KO3¢hhuyuenm nperomaenus 3a ONMu4eckol CUCmeMmoll.
Ecun=n', mo f=—f".
n n
&= ? =—— — ONMUYECKas CUNA CUCTEMBI.
@ >0 npu f'>0 — cucrema cobuparomas.
@ <0 npu f’<0- cucremMa paccenBarolas.

Uem Gombiie @, TeM CUIIbHEE MPETOMIISIOTCS JIyYd JAHHOM CUCTEMOH.
OnTHueckas cuila CHCTEMBI U3MEPSIETCS B AUONTPUSX [P] = onmp .

Huonmpusi — smo onmuueckas cuia maxou NOMEWEHHOU 6 6030yX cCUcmembvl, (POKYCHoe
paccmosmue Komopou | f '| pasno 1 mempy.

YtoObl MONYYUTh ONTHYECKYIO CHIIy B Onmp, HaIO0 MOJACTaBUTH (OKYCHOE paccTosHue f B
MeTpax.

OnTHueckas cuiia yenoBedyeckoro riaza: @ = 58,5 onmp =

f==171mm; f'=22,8 um, mak xax n'=1,34 cmexnosuonoco mena.

10
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2. @opmyna HeroToHA.

, | oP op OP Yy f
= - — ==
P H H Y0Py a

OP _ OP

= xx"= ff - ¢opmyna Horomona.

Ecmn=n"= f=—f"=x"=-f".

S=f+x) xX=—f'+8 Sy
—S=—x—f:>—x:f_5 (f =)= =fI;
LS
S S
1 1 1

Ilpu n=n"= f=—f"= f E—E

Ecnu cuntate Bce paccTOSTHUS IOJIOKUTEITLHBIMU, KPOME MEPETHETO (DOKYCHOTO PACCTOSIHUS, TO
(dbopMyIbl OyIyT UMETD CIETYIOIIUI BHI:
’
S L Gopmyna yeenuuenus.
y X
3. TOHKME JIMH3BL.
Touku nepeceuenus nosepxHocmeu IUH3bl C ONMUYECKOU OCbIO HA3bIBAIOMCS GEPUUHAMU
NPENOMISIOUUX NOBEPXHOCTEIL.
Paccmosinue meosicoy sepuiunamu Ha3vl8arm moauuUHON IUH3bL.

Ecnmu momwyuna nunzer d <<min(R,, R, — paduycvl Kpugusnvi nogepxHocmeii), mo JuH3a
HA3b16ACNCS MOHKOU.

Jnsi monkux nun3 enagmvie niockocmu cosnadarom H =H' u npoxodam uepes yenmp nunsel,
cnedo8amenbHo, y3108bie MOUKU Ol MOHKUX JUH3 makoice cognadaiom N = N'.

Ecnu noxasamenu npenomnenus 00 u nocie CUCmeMbl pasHvl N, =N,, MO Y3106ble MOYKU
N =N naxoosmcs 6 yenmpe 1uH3bl, HO MOILKO 6 IMOM CLyHde.

Ecmu n, # n,, TO JIy4, DpOXOAINUHI YepPe3 LEHTP JIMH3bI, HCIIBITBIBAET IPEIOMIICHHE; IPH 3TOM

’
f#E=r
. n, RR,
Dopmyna monxoti aunsel: f=—f=—"—
n—n, R ~-R’
IJIe noKazamenu NPeloMAeHUs: n — JUH3bl, N, — Cpeodbl 00 U NOCIE TUH3bL (ECIN N, = N, = N).

Ota ¢dopMyna crpaBeAnuBa JUli JIOObIX TOHKUX JIMH3: JBOSKOBBIIYKIIBIX, ABOSKOBOIHYTBIX,
IUIOCKOBBINYKJIBIX M T.J. Hano Tonbko mnpuaep:kuBaThCs IpaBHIa 3HAKOB: €CIM 711> 7, JUIA
' IBOSIKOBBINYKJIBIX JMH3 R, >0, R, <0= f<0; i JIBOSKOBOTHYTBIX JIMH3
R, <0, R, >0= f >0; ans BbIIYKIO-BOTHYTHIX JIUH3 R, >0, R, >0.

Bompoc. Kak u300pa3uts xox nmyda 1', CONpspbKeHHOTO AaHHOMY Jydy 1, #
HAWTH MecTonojokeHnue Touek NN', He coBIagaroIee ¢ IEHTPOM JIHH3bI?

’
o y n n
Otget. JleliCTBUTENILHO, TaK Kak | f |< fnu —=——=n"<n, 10 €cTh 32

JIMH30M Ccpcaa MCHEC IUIOTHAsA, TOYKH NN's JAaHHOM CJIy4da€ HE COBIIAaAarOT C ICHTPOM
muH3bl. Ecnu Y BaC BO3HHUKACT np06neMa C IOCTPOCHHUEM Jiy4da, COIIPSIKCHHOI'O

11
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JAaHHOMY, TO 0€30TKa3HbIM ITOMOIIHUKOM MOJKET CTaTh
JIOTIOJIHUTEIIbHBIN MTpeIMeT, U300paKeHHbIN Ha PUCYHKE
NEePIEeHANKYISIPHON K OCH CUCTEMBI IJTMHHOHN CTPEJIKOH.
[TocTpous ero nzobpakeHue, JEerko MpOBECTU NCKOMBIH /11 p
ayd 1' depe3 KoHel M300pakeHHs, 00O03HAUYEHHOTO F NN
KOPOTKOW  BEPTHKAJIbHOW  CTPEIKOHM, U  TOYKY '
[IepPEeCeYeHUs] UCXOIHOrO Jyya C JUH30M. 3aMEeTUM, 4TO
ayud 1, pacceuBasich, Oonee KpyTO OTXOOUT OT OCH
CUCTEMBI, YTO €CTECTBEHHO, TaK Kak JIMH3a
pacceuBaromas. IlpoBens uepes BepLIMHBI IpeAMeTa U U300paKEHUs MPSIMYIO 10 HNEPECEUEHUS C
OINTHYECKON OChIO0, NOTy4nUM TOUKy NN', yepe3 KOTOpyIo BCe JIyUH IIPOXOIAT, HE IPEIOMIISLACh. DTOT
CHOCO0 SABJISIETCS YHUBEPCATIBHBIM, HO HE CAaMbIM IIPOCTBIM.

Bompoc. Kak e cnenarts npoiie?

Otset. CnefyeT HaNpaBUTh JIyY 2, MapaJljiebHbI UCXOAHOMY Jy4dy 1, Ha pokyc F, mpenoMuThb
€ro Ha IVIABHOM IUIOCKOCTM /[, coBHajarolel C JMH30H, cAenaTb CONpPsDKEHHBIH emy jyuy 2'
napajulelbHbIM ONITUYECKON OCH. 3aTeM IPOBECTU UCKOMBIN Iyd 1' uepe3 TOuKy nepecedeHus ayda
2' ¢ 3agHEl (POKATBHOM ITOCKOCTBIO F' M TOUKY MepecedeHH s HCXOIHOTO JIyda C TUH30H. JlokaxuTe
CaMOCTOSITEIBHO [IPABOMEPHOCTD ATOT'O CIOCO0a.

3

4. 3ameuaHusl.

1) Bce nunzvl écneocmsue KomeuyHOU moawjuHvl obdaadaiom abeppayueti (aberratio — rped.
YKIIOHCHHE).

A) Coepuueckas abeppayusi BO3HUKAET, TaK Kak B pe3yjbTare
UCTIONIb30BaHUs c(epuyecKux MOBEPXHOCTEH Jajekue OT OCH JIydd
HPOXOJAT HE TOUHO uepe3 GOoKyc, MOITOMY BMECTO TOUKH UMEEM IISITHO.
Taxkum o0pazom, chepuyeckas abeppallis BO3HHKAET BCJICICTBHE
KOHEYHOH HIMPHUHBI CBETOBBIX ITYYKOB.

Crnioco0sbl ycTpaHeHus:

a) OTpaHUYCHHE MIMPUHBI MTyYKa;

0) mo100p MapHBIX JIMH3 C KOMIICHCHPYIOIIMMH APYT ApyTa abeppamnusiMu, Tak Kak coOuparomias
U paccerBarollas JIMH3bl UMEIOT IIPOTUBOIIOJIOKHbIE adeppaluu.

b) Xpomamuueckas abeppayus BO3HUKAeT, TaK KaK CBET PA3HOrO IIBETa MMEET Pa3HYyIo
CKOpPOCTb, TO €CTh PA3JIMYHbIC MTOKA3aTeNU MpeoMIICHHs n. = B pesynbraTe As cBeTa pa3iMyHbIX
1BETOB (DOKYCHBIE PACCTOSIHUS PA3JIUYHBI, IOITOMY BO3HUKAET OKpacka H300pakeHus. MakcumyM,
YTO MOXKHO TPeOOBaTh, YTOOKI JJ1 HanbOoJIee YIaICeHHBIX OT OCH JIy4eH U IIEHTPAJIbHOTO Jyya BpeMeHa
UX MPOXOXKICHUS CUCTEMBI OTIMYAINCH HA BETMYHUHY MOPsAIKa epuoa konebanuit 7.
doxyc KpacHBIX JIydell Janblle OT JUH3bL, 4eM (Gokyc ¢puoneroBbix. = B 3aBucumoctu
OT PACHOJIOKEHHsI SKpaHa M300pakeHHE MEHsSET OKpacKy. Y BOTHYTOH M BBITYKJIOH
JIMH3BI IPOTUBOIIOJIOKHBIA XapakTep Xxpomarudyeckoi abeppauuu. = O0e abeppauuu
YCTPAHSAIOTCS CIEAyIONIMM o0pa3oMm: OepyTcs JB€ JUH3BI C MOJ00paHHBIMU

IMOKa3aTe/IIMU MPEIOMJICHUA Ny U N, U OAWMHAKOBBIMH paJuyCaMH N CKIICUBAIOTCA B

OJIHY JIMH3Y, Ha3bIBAEMYI0 axpOMaTHYCCKOM.

2) Koma — npoooneosamocms uzoopajicenus, B03HUKAIOWASL NPU KOCOM NPOXOHCOECHUU TyYell
yepes OnmMuueckyio cucmemy (OUcmopcus,).

3) Acmuemamusm (stigmato — rped. Touka) — deghopmayus cghepuyeckoi
B0IHbI, 8 pe3yibmame  yeco0  uzoOpaxcenue  oxycupyemcs 6  08YX
nepnenouKyIspHuIX ompeskax. ECIU Touka HaXOIUTCS JAJCKO OT ONTHYCCKOU
OCH, TO YETKOT0 HM300pakeHHs TOYKM HE TOJIyYaeTcs, HO CYIIECTBYET JBa
MOJIOXKEHUSI  JKpaHa C W300paKCHUEM HCXOTHOH TOYKH B BHJC HPSIMBIX
4epPTOYCK.

12
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I'nasa I11. UaTepdepenuus

1. UnTepdepeHuns NJI0OCKUX JUHEHHO MOJIAPU30BAHHBIX
MOHOXPOMATHYECKHUX BOJH

Ilpu  cnooicenuu  08yx u  bOonee  BONH  MOdCEm  NPOUCXOOUMD
npocmpancmeennoe nepepacnpeoenieHue NOmoKa SHepeuu (Mo ecmb Modcem
B03HUKAMb NPOCMPAHCMBEHHAS HEOOHOPOOHOCMb NOMOKA dHEPIULL) — MO U eCmb
unmeppeperyusi.

HNuTepdhepeHIMOHHBIE SIBJICHUSI CYIIECTBYIOT KaK JJISl DJIEKTPOMArHUTHBIX
(B TOM YHCIIEe CBETOBBIX), TaK U JUIsl yIPYTHUX BOJIH.

Mpl OyJieM 3aHHIMAThCsl CBETOBBIMU BOJIHAMH, CJIEOBATEIFHO, HHTEP()EPCHIIMOHHBIC KapTHHBI
JOJKHBI Oy TyT COCTOSITh U3 TEMHBIX U CBETJIBIX TIOJIOC.

PaccmoTpuM J1BE TIOCKHE TMHEWHO MOJIIPU30BAHHBIC MOHOXPOMATUYECKHE BOJIHBI B BAKYyMeE:

E =E, cos(wt—k7+a,)=E,cosg, E, = E, cos(m,t —k,7 +a,) = E,, cosp,,

Y KOTOPBIX EOI,EOZ, a%,a)z,lgl,lgz,al,% = const.
OGosuaunm cos(ayt —k,7 +0,)=cos@,, cos(@,t —k,7 +a,)=cose,.
S= [EPI:I1]+[E23H2]+[E1’FI2]+[E2>H1] :
unmepepenyuonnsiii wien
S #8,+S, — ons nomoxa snepeuu npunyun cynepnosuyuu He 6bINOTHACMCSL.

.HIO):[I/I O6HIaIOTC$I CO CBCTOBBIMH BOJIHAMH, TaK X€ KaK M CO 3BYKOBLIMH, BOCIIPUHHMAaA HX
HUHTCHCHUBHOCTH.

1=(S)=1,+1,+1

unmep

< s OEeTyIIHUX BOJIH <‘§‘> = ‘<§>‘ .

HaﬁﬂeM HNHTCHCHUBHOCTH Ka)KI[Oﬁ BOJIHBI Il . ]2 nu CyMMapHyIO HNHTCHCHUBHOCTH 1 B BaKyyMe:
l 2 1 1 80 2 80 2
I :550E01—:§,/—E01 = —<E1 >;
V €oklo Ho Mo

_ o /e
Iu]/mep :<‘ [E()lﬂ[n27E02]]+[E027[n]7E()1]] ‘COS¢1 COS¢2> IL[_O.
0

Cuwnrasi, 9TO BOJHBI PACHPOCTPAHSIOTCS B OJHOM H TOM K€ HAIlPaBICHUH, TO €CTb 7, =1/,,
MOJIYYHM:

/8 = o= /e I
L mey = _O<‘ [Eo1,[7y, Eq 11+ [Epys [y, Ey 1] ‘COS¢1 COS¢2> = —0-2<(E1,E2)>:
My =\ My g,
=2 /iEmE02 cos;{(cosq)l cos ¢)2> =
H,

& E; & E;
=2 —0‘2%- =022 . cos y{cos @, cos @, ) =2,/1,1, cos y(2cos @, cos @, ).
Hy Hy 2

I=5L+1,+2\ L1, cos;(<2cosqo1 COS¢2>,

E:a:

3A€CH y — YI'OJI MCXKAY HaIlPaBJICHUAMMU MOJIAPpU3allu BOJIH 1um?2.

13



E.H. AkcenoBa ['nmaBbI Kypca OnTuka

[lonmpoOyem yranaTh A0 TPOBENCHHUS YCPETHEHHS, B KAKHX IHpeAesaX MOXKET MEHSATHCS
CyMMapHasi UHTEHCUBHOCTb / OT JBYX MCTOYHHUKOB C PaBHBIMM MHTEHCUBHOCTSIMH /,, pacCMOTpPEB

CIEAYIOUIUN TpUMED.

PaCCMOTpI/IM JABa JHIIOJIA, KOHCGJ’IIOH_II/ICCSI CI/IH(1)33HO U HaXOAAIUCCs Ha PaCCTOSAHUA 5 Apyr

OT Jpyra:
A 2 & 7mc

2 2k k o
Torma B Touke A: /,=0, notomy uto E, =0, Tak kax

A

BOJIHBI IPUXOJST B IPOTUBO(A3E.
B touke B: Ep =2E) = I =41,.
Hrax, umeem 0 <[5 <41 .
Tenepr cnenaem Bce TOYHO M aKKypaTHO B OOLIEM Cllydae, JUld 3TOTO Hal0 YCPEIHUTH

(2 cos g, c0s¢2> .

Bormpoc. 1o kakomy Bpemenn Af Hag0 yCpeaHsITH?
Orser. Yacrora Buammoro csera o, ~ @, ~10°c¢™" = T,,~10"%¢, T,,<<7,

Tae 7 (MCZKPOCKOI’llﬂleCKOe GpeM}l) — XapakmepHoe 6pemMst CYueCmeeHHo20 USMEREHUA

XApakmepucmux — UCMOoYHUKa usiydenus (TEMIEpPATypbl, JaBJICHHsA, Ppa3MepoB,
COCTOSIHMA); T = T,,, — 6PeMs KO2ePEeHMHOCHU.

JAs  KOTepEeHTHOrO0  UCTOYHHMKA  T,,, =o°°  (CTAalMOHAPHBIH  HCTOYHUK

obecrieynBaeT CTaMOHAPHBIA BOJTHOBOM TPOIIECC).

Bpewms ycpeonenua At evibupaemcs cnedyiowum oopasom: T << At << T, .

Eciu ucTOYHMK cTanmoOHapHBI, TO Af MOXET OINpenensaTbCs BpPEMEHEM CcpaldaThIBaHUS
BOCTIPHHUMAIOIIETO MPUOOPA, B YACTHOCTH, HHEPLUUOHHOCTh YEJIOBEYECKOro Ija3a 4yTh OOJIbIIe

as
10 mc, a ckopocTb cpabaTbiBanus rinasa Af,, ~ 0,1 ¢. Ecinu B kuHO Kajgp MeHSIOT 25 P (pu >TOM
c

BpEMsI CMEHBI KaJpOB 7.,

=0.04 ¢), TO MBI BUANIM CIIMTHOE HETIPEPHIBHO IBIKYIIIEECS N300paKeHHE,
a B CTapoM JIFOOUTEIHCKOM KHHO C 4acToTOM KaapoB 8—10 B ceKyHOy 3aMeTHa MPEPBHIBUCTOCTh

JIIBHKCHUS.
t+At

IIpoBenem npouenypy ycpeIHeHus <( ) =— _[( Jdt

<2 COS @, COs (/)2> = <cos((p1 +¢,)+cos(p, — ¢, )> = <cos[(a)1 + @)t — (k, + k)7 + a]> +
+ <cos[(a)1 —w)t—(k, —k,)F +&]>, 3nech =0, + @, =0, —0,.

t+At

(cos[(e, +, )t - (k, +k,)F +ar]) =i [ cosl(@, +@, )t~ (k, +, )7 +aldt =

Lsinf(@ + o)t -k +k)F ol

At (w, +w,)

, 3xeck sin[(w, + @,)t — (k, + k,)7 + o] — MHOTO pa3

t
ocwapytomas GpyHKus Ha uHTepBane Af, Tak Kak Af >>T, M03TOMYy OYEBHIHO, YTO CpeaHEE
3Ha4YeHHe IToi PpyHKuuu Ha uHTepBaie Ar paBHo 0.

sin(ot + o)

ANNVANVAR!
AVARVARVE,
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9TO MOYXKHO J0Ka3aTb U aHAJINTUYCCKU:
Usin(@ + @) -k +hyrve] 11
At (0 +w,) | At(@+w) At20 Atdrn

«<1l=

= MepBoe cllaraeMoe HHTEP(HEePEHIIMOHHOTO YJIeHA ~ <cos[(a)1 +@,)t - (lg1 + IEZ)F + 0{]> =0.
Ecnm |a)l - a)2| At >>1, To 1 BTOpOE ClIaraemoe ~<cos[(a)1 — @)t — (k, — k)7 + 07]> ~0 paer

HYJIb, U MBI HHTEep(epeHIur He BuanuM. [Ipu 3ToM yeM MmeHbme Af — Bpems yCpeIHEHHS, PaBHOE
WHEPIIMOHHOCTH Tpubopa, TeM (¢ Oosbmieli  BEPOSTHOCTHIO) JIET4YE  Pa3IndUTh
UHTEp(EpEeHLUIO, TO €CTh pa3HUIly HHTEHCUBHOCTM [ B DA3JIMYHBIX TOYKaX
IPOCTPAHCTBA.

Bompoc. [Touemy MbI peiko BUAMM UHTEPHEPEHIIUIO?

Ortgert. [loromy 4TO 32 BpeMsi cpabaThIBaHUs HAILIETO I1a3a KojaeOaHHs BOJH,
OPUIICANINX OT PAa3HbIX HCTOYHHKOB, YCIIEBAIOT CTaTh HECOTJIACOBAHHBIMU —
HEKOTE€PCHTHBIMH.

Omnpen. Koeepenmunocms — 3mo co2nacoéanHoe npomeKaHue HecKOIbKUX
KozlebamenvHuIX npoyeccos. Bonnvl kocepenmuvle, eciu ux pasHocmo ¢as ocmaemcs
HOCMOSHHOU UYL MAIO USMEHAEMCsl 34 NEPUOO.

HUnmepgepenyus umeem mecmo moabko npu HALOHNCEHUU KO2EPEHMHBIX GOJIH.

Ecmn | — @) At = AwAr <1, To
1
AwAt

(cosl(@ — @) —(F, ~F,)7 +1) =

2 . AwAt
-S1In
AwAt
I'=1+1,+2\J1,1, cos y(cos| Awx — AkF + ar])

{sin[Aext + At)— AkF + &) —sin[Aax — AkF + @]} =

-cos(Aax — AKF + @).

A

2. UaTepdepeHnus ABYX IIOCKHUX JJMHEHHO MOJISPU30BAHHBIX
BOJIH C PABHBIMM 4aCTOTAMU.

OuneHka MPUHBI HHTEP(PEPEHUNOHHBIX T0JI0OC

PaccmoTpuMm  Hallo)keHHE [BYX IUIOCKUX JIMHEMHO TMOJIIPU30BAHHBIX KOTE€PEHTHBIX BOJIH
C PaBHBIMU YaCTOTaMU () = (W, = (@, PACIPOCTPAHSAIOIINXCS 1101 HEOOJIBIINM YTJIOM ¥/ OTHOCHUTEIILHO
JpyT apyra.

TaKKaKa)l:a)zza):kl:kzzﬂzk. ™
c
Torma [ =1, +1,+2,J1,1, cos ycos(Ak7 +a); AL
A EPTEN 2z
Ak:kl_kz :>Ak—2k81n30m;mmxkl//—7 . k2

yenos
B stoMm cnydae npu @, =@, = @ paszHOCTh (a3 konedaHuil, BO3OykaeMbIX B JIIOOOH TOUKE
IPOCTPAHCTBA, OCTACTCS MOCTOSIHHOM BO BpeMeHH (@, — @, ) = const(t), TO €CTh BOJIHBI KOT€PEHTHBI.

Ho B pa3snuuHBIX TOYKaX HPOCTPAHCTBA Pa3HOCTh Ba3 (¢, —¢,) pasiuyHA U, CIEJOBATEIbHO,
UHTEHCUBHOCTH TaKoke OYIyT OTJINYAThCS.

Bri6epeM Hayano orcuera Tak, 4TOObI U30aBUTLCS OT O: 7, =7 +1y, rae 7,Ak +o=0. D10
BCEr/Ja MOJKHO CZIENIaTh; 3aT€M OITyCTUM UHJIEKC «HOB», TOTAA!

I=1+1,+2,/1,1, cos ycos(Akr).
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Ycnosusa omecymemesusa unmepgepenyuu.:
1) BcnoMHuM, 4TO ) — 9mo y2on medcdy eekmopamu noaspuzayuti 6oaH I u 2.

T
Ecmu X= 5 , TO COS }y = Owmu uumequepeHuuu Hem, 4TO BIIOJIHE €CTCCTBCHHO, MAK KAK umeem

APOCMO BOHY C AIIUNMULECKOU NOAAPUAYUEL.
2) Ak L7 = cos(Akr) =1, To ectb 3kpaH L Ak (TO €cTh paCHOJIOXKEH BJIOJb HAIIPABIICHUS

pacrpocTpaHeHus BoyH), Torna Ak7 = Ak - x-cos f =0 B 3TOM HalpaBICHUH:
I:Imax :II +12 +2 1112 COSZ.
Bompoc. Eciu Bo Bcex Toukax BEIOPAaHHOTO HAIIPaBJIEHUS] WHTEHCUBHOCTb, KaK

MbI BUJTUM, MaKCUMaJIbHA, TO OTKYJa 6epeTc>1 JOIIOJIHUTCIIbHAs E)HCpFI/ISI?
OtBeT. Bee ACJI0O B TOM, YTO Mbl OTCHHUTHIBACM HAIII€C HAIIPABJICHUEC OT TOYKU C

payCcoOM-BEKTOPOM 7y, TakuM, 4T0 7;Ak + ¢ =0. Ecinu B34Th 3a Hauallo oTcueTa

|l

TOYKY C paanyCOM-BEKTOPOM 7;,', I KOTOPOTO BBINOJHAETCA YyCIIOBHE

7' Ak +a=r, TO B HalpaBJICHUU r LAk

UHTep(EpPEeHLMI0 TaKXKe He yJacTcs yBHJETb, HO
WHTEHCUBHOCTD Oyner MHUHUMaJbHa

I=1,,=1+1,-2\[[I[,cosy. MWmenHo wu3 »>r0ii oOMacTH u
nepepacipeieNInTCsl CBETOBast JHEPTHS B COCEIHUE 00JIAaCTH.
Ymobvl Habarooamv unmepghepenyuto, 3Kpan He 00axHCeH Oblmb

nepnenouxynsapetn Ak.
OdeBuIHO, YTO uHmMepgepenyus 6yoem makcumanvbHol (TO €CTh MaKCUMAJIBHO OyayT

OTJIMYATHCS HHTEHCHBHOCTH B PA3/IMUHBIX TOUKAX), ecu okpan napamienen Ak (7 || Ak ).
AEFzAk-x-cos,B;
I=1,+1,+2I,1, cos ycos(Ak7) = I, + I, +2./1,1, cos ycos(cos 3- Ak - x).

Ecnu skpan | Ak, 10 =0, cosS=1 u Ha 5KpaHe BO3HMKAIOT MaX ¥ Min HHTEHCHBHOCTH [

I.=1+1,+2\1,1, cosy,
I . =1 +1,-2\11,cosy.
[Ipu KOCOM pacMoNIOKEHNH SKpaHa MaxX U Min BOSHUKAIOT B CIEIYIOMIUX MECTaX:
. 27m < max
2ksm£cos,8‘x= .
2 7(2n+1) < min
[Tpu 5TOM mIMpUHA HHTEP(HEPESHIIMOHHBIX TIOJIOC!
7T A
_ n+l n _ _n+l n
Ax=x —x =x. -

. X . = .
max min min 2” i W i W
——SsIin~—cos 2 sin-—cos
A 2 P 2 P

A
AX = ——— — wupuna unmeppepeHyUoHHbIX NOJIOC.
2 sin% cos 3
Ilpu [ =0 nonocet — camwie y3kue. Ilpu N
pu p /1y 2 P =L+ L+ 2 Leosy
MALIX Y WUPUHA HOAOCHI Ax = ———— = —.
wcos fB=0y
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3. UuTepdepeHuus ABYX JUHEHHBIX MOJSPUA30BAHHBIX BOJIH
¢ OJIM3KUMM 4aCTOTAMH

PaccMoTpuM BOJTHBI C OJTHOHAMPaBIICHHO JTHHEHHOM nonspuzanueid E| || E,, B 3ToM ciiyyae
cosy=1.

[MycTs Tenepy @, = @, , Tak 4t0 @, = W, + AW, rne Aw << min(@,, @, ) .
Torma I =1,+1,+2\1,1, <cos(Aa)t — AkF + 0{)>.

WHaTepdepeHIMOHHBIN YWIeH OTIUYEH OT HYJIS, TOJIbKO ecimn AtA®@ <<1.

<cos[Aa)t — AKF + a]> = lAt (sin[Aa(t + At) — AkF + o] — sin[Awxt — Ak7 + o]} =
Q)

At

2 . Aw- At = =
= - sin -cos(Aaxt — Ak + ) ~ cos(Aax — Akr + ).
At - Aw 2 Aw-At—0

B pesynbrate 6o03muxaem ummepgepenyuoHnHas KapmuHa, OBUNCYWAACS NO IKPAHY CO
cKopocmyuio V:

Ao Aw c

_| |_—_— ; TaK KaKk Ak = kl//—;l//

[Ipumep.

PaccmoTpuM Haso)xeHue IByX BOJIH C OJIM3KUMH YaCTOTaMH, OTIMYAIOLIMMHUCS JAPYT OT Apyra
TOJIBKO Ha | B IocieHeM pa3psje:

® =27..510"c";
®, =2,7...6-10"c".

15

3HAKO8

Bompoc. Yro yBuaum yis yria ¥ = 1073 pan?

Penrenue.
Ax = i =7-10"*m = 0,7 mm — mmpuHa UHTEPHEPEHIIMOHHOMN MOTOCH.
74
2
A =07 mxm = _7zz:
w
= ﬂ =10""* M 0,1 UL CKOPOCTD IBMKECHUSA KapTHUHEI 10 DKPaH
3-10° 107 c e P P pany-

Oty uHTep(EpPEHIIMOHHYI0 KAapTHHY HEBOOPY>KEHHBIM I7Ia30M YBUIETh TPY/IHO.

Ecmn w =107 pa0 - Ax=Tmm u v = 1 KapTHUHA XOPOIIO Pa3InduMa.
c

Bormpoc. Yrto Oyaer, ecimu 7 =0 ?

OtBer. B aTtom cinywyae Ak ||k, u BO BpeMEHU H3MEHSETCS OCBEIEHHOCTh
9KpaHa, a UHTep(HEePEHLIMOHHON KapTHUHBI HET.

17
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4. UurepdepeHnus ABYX IJIOCKUX JMHEHHO MOJISPU30BAHHBIX
KBAa3UMOHOXPOMATHYECKHUX BOJH. BpeMsi KOrepeHTHOCTH.
J1MHA KOrepeHTHOCTH

PaccMoTpuM BOJIHBI ¢ OAHOHAIPABICHHON JIMHENHON nondpusauueil £ || E,, B 3TOM ciaydae

cos ¥ =1, mycTh 00€ BOJIHBI MOHOXPOMAaTHYECKHE C paBHBIMH WHTeHCHBHOCTAMU [, =1, =1. Ilpu

HaJIO)KEHUU TaKUX BOJIH, PACHPOCTPAHSIONIMXCS TOJ MalblM YIJIOM JAPYT K APYTY, TEOpHs JaeT
CIEYIONTYI0 KapTHUHY:

7 >
/ §=A r
npakTuka Teopis

Ha mpaktuke 4uciao TmoJIOC oOIpeaensercs pa3Mepamu o0iacTd WHTEpPEepeHlIud. ITO
OTpaHUYCHHE BOSHHUKACT M3-3a MPOCTPAHCTBEHHON M BPEMEHHOW HEKOTEPEHTHOCTH BOJIH. [[e)10 B TOM,
9TO a0CONIOTHO MOHOXPOMATHYECKHH CBET C @ =const — 3To uneanusanms. Jlrobas peanbHas
CBETOBAasl BOJIHA 00pa3yeTcs HaJOXKCHHEM KOJIeOaHHH ¢ 4aCTOTaMH, 3aKIFOUEHHBIMH B KOHEUYHOM

uHTEpBaiie 4YactoT (@, @+A®) W, COOTBETCTBEHHO, ¢ juuHamMu BoiaH (A, A+AA).
DIEKTPOMATHUTHBIE BOJHBI ( ¥ -KBAHTBI), B TOM YKCIIE U CBETOBBIE, UCITyCKAOTCA aToMaMu. UTOOBI

aToM H3Iy4yall, ero HaJo IepeBecTd B BO30YKICHHOE COCTOSHUE W3 OCHOBHOro. Hampumep,
UCIYCKaHUE }-KBaHTAa MOXKET MPOU30MTH TIOCIe TMepexoja aToMa B BO30YKIEHHOE COCTOSHHE

B pE3yJabTaTC CTOJIKHOBCHUA C 3JICKTPOHOM:

E
* *
H+e—>H +e=>H —>H+v.
0 .
Tak kak BO30YXJE€HHbIE YPOBHU aTOMOB HMMEIOT €CTECTBEHHOE TG 10E
YIIHPEHHUE, TO HCIIyCKAEMBIE aTOMaMM CHEKTPAIbHBLIE JIMHUU HMEIOT 208 A=6500.1

ecTecTBeHHYIO mupuHy Aw ~10%¢™ wim AL ~107* 4.

[TocMOTpUM, K YeMy MPUBEIET OTIMINC HA HEOOIBIITY O BETHINHY
AA<<A wucnyckaembix wucroyHukoM S JjummH BonH A. Ilycts
B OKPECTHOCTH TOYKH () HMMEIOTCS JBa OJIM3KO PACIONIOKEHHBIX
KOTEPEHTHBIX UCTOUHUKA ST U S2, UCIYCKAIONIMX BOJIHBI C JiinHamMu A u A+ A4 ,
COOTBETCTBEHHO. Eciu B IPOM3BOJIBHBIN MOMEHT BpeMeHH (asbl HCIYCKAEMBIX 5L AN+ 7) 0
VCTOYHHMKAMH BOJIH COBIAJIAIOT, TO HA PACCTOSHUU L OT Touku O B OKPECTHOCTh 2 N(A+AA)
touku O, BOJHBI OT Pa3HBIX HCTOYHHKOB MPHIYT B MPOTHBO(A3E BCICACTBHE PA3HUIIBI JUTHH BOJIH,

10,2 oB /'L=121(5_4n

UCITyCKaeMbIX McToYHUKaMH. OTHOcuTenbHO Toukd O B Touky O, BoiHA OT S2 MPUXOAWUT, UMEs
1
pasnocth xona A, = N(A+AA), a BonHa ot SI umeer pasnocts xoxa A, = (N + E);L' B srom ciyuae

B OKpecTHOCTH T. O BOJHBI OyAyT YHHUTOXATh APYT APYra, CTaB HEKOrepeHTHBIMH. TakuMm oOpazom

MOXHO OLCHUTH 4YHUCJIO0O AJIMH BOJH N H3JIYYCHHOC UCTOYHUKAMU C OIU3KUMU JJIMHAMH BOJIH, HA

max 2

KOTOPOM TEPACTCA COITTAaCOBAHHOCTDb U3JTYUCHUSA:

00, =A, =N, (A+Al)=A =(N,

max

+l)/1 = N,_.. =L.
2 2-Al

ax

18
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Ecnu cBer umeeT UTMHBI BOJH B crieKTpajibHOM uHTepBane (A, A+AA), To MOXHO pa3OUTh
MHTEPBAJI HA MHOXKECTBO OECKOHEYHO y3KHX ap JUIMH BOJIH, HAXOIAIINXCH

A 1
Ha PACCTOSIHUH =N JIpyr OT JApyTra, Kak MOKa3aHO Ha pucyHke. Toraa A A+AL

. A
NEPBOE MOJHOE YHUUTOKEHUE NMPOU30HAET Ipu N, = vE

Crnenyer uMeTh B BUJY, YTO Ha MPAKTUKE TOYHO YCTAHOBUTb N, .. TPYAHO, TaK KaK IIPOLECC

«B3aMMHOI'0 YHUUYTOKEHUSD) UAET MMOCTENEHHO.
BeiBos. Boow nanpasnenus pacnpocmpanenus 60NHbl cyujecmeyem ONUHA, Ha KOMOPOU GOIHA

2
. A
Ko2epenmHua camoi cebe — smo onuna koeepenmuocmu 1, =A- N, =—.
Koe max Aﬂ,

IIpy ManmbIX JaBIEHHMSIX aTOMY HCIYCKaTh HE MEIIAKOT, IO3TOMY BpeMs KOI€pEeHTHOIO
M3Jy4eHUs  aToMa  paBHO BpPEMEHHM OJKM3HM  aToMa B BO30YXKIEHHOM  COCTOSIHUU

T =T ~10%e>>T ~10"5¢.

Usy4d HCUSHU

Ecm 7, ~10%c=1_ ~3-10°-10"° =3 u — 1IMHAa KOTEPEHTHOCTH B IAHHOM CITYYae.

U3yd
WuTepdepeHInOHHBIN YiIeH, KaK Mbl IOMHUM, COJICPKUT <cos[(a)1 -t — (l?1 - lgz)f + 0{]> . Ecomn

HUMEIOT MECTO CTOJIKHOBEHHS aTOMOB JPYT C APYTOM C YaCTOTOH V , TO Ka)/10€ CTOJKHOBEHHE COMBACT
(a3y u3IyyaeMoi BOJTHBI (1), IPH 3TOM YTPauHBaCTCS KOTEPEHTHOCTh. 3a BpeMsl H3ITyUCHHST aTOM

moxer ncnbitats 102 +10° CTOJIKHOBEHHUH, cOmMBaronux (asy, B 3THX CIIydasx BPeMsi KOTE€PEHTHOTO

U3JIy4YeHus 7,

yanys YMeHBIIAETCS B 10° +10° pas, 1o ectb 7, =7, =107 +10""¢, [, ~3mn B

uznyY nocm.
paszel

JAHHOM citydae << 3.

Jnuna koeepenmuocmu — paccmostue, Ha KOMOPOM COOIOeHA NPedbICMOPUsL
U3yueHus, 8 yacmuocmu, He couma gasa.

Bompoc. Kakoe paznuune B pazax m3mydaeMbIX BOJH JOITYCTHMO, 9TOOBI ObliTa
BU/IHA HHTep(EpEHIIMOHHAS KapTHHA?

OtBer. MuTepdepeHonHas kKapTuHa BUIHA, eClid () Maio M3MEHSETCS 3a

BpeMsi ycpenHeHus: Af, KOTOpoe, B CBOIO O4epellb, ONpPEAeIsieTCs] MHEPIUOHHOCTHIO
peructpupyoiero npudopa At =t

npu6 *

Ecmu o(At) =0, TO BOJNHBI MOXXHO CUUTATh KOT€PEHTHBIME;, Tpu O(Af) 2 7

BOJIHBI HEKOTepeHTHb; ecnu O0< @ <7, TO BOJHBl YaCTHYHO KOTepeHTHbL [loaToMy moHsATHE
KOTE€PEHTHOCTH JUI PEAJbHOM BOJHBI SABISACTCA OTHOCHTEIBHBIM M 3aBHCHUT OT BO3MOYKHOCTEH
npubopa. YeM MeHblIE MHEPLUMOHHOCTh NPHOOPA, TEM BEPOATHEH YBUJETh MHTEPPEPEHIIMOHHYIO
KapTUHY.

Jnst 00bEeKTUBU3AIMU MTOHATHUS KOT€PEHTHOCTH BOJH BBOAUTCS IOHATHE BPEMEHH
KOIepEHTHOCTH [, , :

t.,, — 6PeMs, 3a KOmopoe CIyualinble UsMeHeHUus Qasvl 80JIHbL 00CMULAIOM

Koe

3Hauenust 7T. 3a tKo Konebanue «3abvieaemy 60 HA4YAlbHYI0 d)dé’y u cCmaHosumcs

2
HeKo2epeHMHbIM camomy ceoe.

Paccmosnue, na  xomopoe  pacnpocmpansemcs — 60IHA 34 6PeMs
KocepeHmHocmu t,,, Hazvléaemcs OMUHOU yy2a U ONUHOU KO2EepPeHMHOCMU

o, =1, c. Hmuna yyea — onuna xoeepenmuocmu. L{ye — Kycok 60iaHbwl, 6 npeoenax

Komopoco Ha4yalbHY0 ¢613y MOICHO CUUMAMb HOCHOSAHHOIL.
ﬂﬂMHa KoecepeHmHrocnu omcdumasleaemcst 6800/1b Hanpaejlernusl pacnpocmpanerusl 60JIHbl.
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Takum o00pazoM, JIMHA KOTEPEHTHOCTH H3JydaeMoro cBera oOyciioBieHa cOoem ¢a3bl
U HECMOHOXPOMATUYHOCTBIO H3JIYYCHUSA, TO €CTb ,ZIJIPIHOﬁ CIICKTpAJIbHOI'0O HMHTEpPBAJIa, K KOTOPOMY
NPUHAUTCKHAT (U
0, -Av<w<o,+Aw.

5. UaTep@epeHnus cBeTa OT MPOTHKEHHOT0 HCTOYHHUKA.
IIpocTpaHCcTBEHHAs KOTePEHTHOCTh. Paanyc KOrepeHTHOCTH

[IpocTpaHcTBeHHAsT KOTEPEHTHOCTh CBsi3aHa C pPa30pocoM HaNpaBlIeHUH BeKTOpa k.
BO3HUKHOBEHHE B HEKOTOPBIX TOYKAaX MPOCTPAHCTBA KojeOaHWM, BO30YKJAaEMbBIX BOJIHAMH,

HCXOOAIUMHU OT OJHOI'O MCTOYHHKA, HO HMMCIOIIMMHU PA3HLBIC k , O6YCJ'IOBJ'IGHO NPOTAKEHHOCTBIO
HCTOYHHUKA.

D
Ilycts a =? — pamuyc uctouyHuka. OT KOHILIOB MCTOYHHMKA B TOYKY O IPHUIYT IBE BOJIHBIL:

E =E +E, = E,cos(ax — k7 )+ E, cos(ax —k,7 + &) = 2, cos(wt—/?ﬂ%j-cos w

[TocnenHuii MHOXXWTENb 3TOTO BBIPAXKEHHS OyIeT Cco3/[aBaTh OCIWUIANMM FE BIOJNb JKpaHa.
OnpenenuM, Ha KaKOM PAacCTOSHHUHM 0 BJOJb DKpaHa KoyiebaHus emnie He OyayT B mpoTuBO(dase:

Akp
2

2r .
Ak = k-(p:7q0, T7I€ ¢ — Y2l080l pamep UCMOYHUKA U3 MOYKU HAONI0OeHUs — Y20, Noo

9
Komopbim eudeH UCMOYHUK C paACCMOAHUA l om Hezo —> (0 =—
: K
p —2_”-—27[/1—&—& D;ﬂ]> E;
“ Ak 2mp D @
pkog = i — paduyc KoeepermHocmu uiu dﬂuHa npOCWlpaHCWl@eHHOZ:Z
o

KOcepeHmHrocmu.

P... onpeoeinsaem coboll paccmosnue 001b 80IHO8020 YPOHMA, HA KOMOPOM
BOJIHbL euje MONCHO CHUMAMb KO2EPeHMHbIMU. DMO XaApakmepucmuxa cucmembl
HAOI0O0EHUs U pasmepa UCTNOYHUKA.

Yem MeHbIIIE YITIOBOH pa3zMep UCTOYHUKA, TeM Oomblie p, .. . Konebanus B 1Byx
TOYKAaX, OTCTOSIIMX APYT OT Ipyra Ha (GpOHTE BOJIHBI UM BOJHOBOM MOBEPXHOCTH Ha
paccTosiHue r < p,,., OyayT KOTepEeHTHBIMU.

OueHuM  paauyc  KOT€PEHTHOCTH O COJTHEYHOTO  W3Ny4YeHHUs  BOJIH3U

noBepxHocTH 3emi. Yriosoi pazmep Connua ~ 0,01pad, A=0,5 wkm = p,, =50 mxm. = UToObI

YBUJETh MHTEPHEPEHIINIO COJTHEYHOTO CBETa, HAJ0 OPraHU30BaTh JIBA OTBEPCTUS, KOTOpBIE OYIyT
KOT'€pEHTHBIMH UCTOYHHKAMU. [Ipu 3TOM paccTosiHue Mexay HEHTPaMU 3TUX OTBEPCTUI HE JOJKHO
npeBocxoauTh S0 mxm. = Pagmyc kaxxmoro otBepcTtHsi MoikeH ObITh < 20 mxm.—> Hwudero ne

YBUJIMM, TaK KaK HE XBaTHT CBETOBOT'O TIOTOKA.

Bo  ecex  ummepgepenyuonHvix  cxemax,  nNpeoOHA3HAYEHHLIX Ol HAOIOOeHUs
unmeppepenyuoHHbIX KapmuH, OA NONYHYEeHUs O08YX KO2EPeHMHbIX UCMOYHUKOE NPOUCXOOUM
pasoeinenue ucCXo0OH020 NyYKa Ha 08d HOBbIX.

[Tpu 3TOM, IS TOTO YTOOBI IYyYKH OBUIM KOTEPEHTHBI, PACCTOSHUE MKy HUMHU JIOJDKHO OBIThH
MEHBIIIE P

Koz *
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BeiBon. Heobxooumvim ycroguem nomyyeHusi uHmep@epeHyuoHHol KapmuHbl A6IAEnCcsl

crnedyoujee. paccmosiHue Mexncoy Iy4amu 6 mecme ux pazoenenus < p, . .

HMeHnHO coOrofeHne 3TOro ycioBHsl O3BOJIUIIO J_
T. Owry B 1802 r. BroepBele HaOmomaTh |\ | /
UHTEPPEPEHIMOHHYI0 KApTUHY H W3MEPUTh JUJITHHY i I
BOJIHBL. B 1onosHeHne k cxemam npe/iecTBEHHUKOB OH A N
BBEJI JIOTIOJHUTENbHYIO WIeNlb, YBEIHUYHUB TEM CaMbIM (

P.,, B Mecte pasznenenus mydka. (Pasymeercs, FOHr

L/
3

Y €T0 NPEeIIECTBEHHUKH HE MOTJIM UCTIOIb30BaTh N300PKEHHYIO Ha PUCYHKE JIaMITy HaKaJMBaHUS; B
onbiTax KOHra Ha BBEJIEHHBIN UM SKpPaH ¢ MaJIBIM OTBEPCTHEM TaJall SIPKHH IMTyYOK COJTHEYHOTO CBETA. )

Heckonbko ciioB 0 co3uaarene BOJIHOBOM oNTHKK aHTiuickoM yuyeHoMm Tomace FOunre (13.1V.
1773 — 10.V. 1829), unene u cexperape JloHmoHCcKOro KoposieBckoro obmiecta (1794). Oto Obun
HEOOBIKHOBEHHO OJIapCHHBIN YeI0BEK, 001a1aBmnii (peHOMEeHaIbHOM MaMsIThio. B 2 roma on Hay4miics
0erso unTath, B 8-9 1T OBJIaeN TOKAPHBIM PEMECIIOM U MacTepul pusndeckue mpuodopsl, k 14 rogam
MO3HAKOMMUJICS ¢ MU (EpPEHIIMATBHBIM UCUYUCICHUEM, U3YYHJI MHOTO SI3BIKOB (IPEYECKHiA, JIATHIHB,
(bpaHIly3CKUH, UTATBIHCKUI, apaOCKHii). YUUIICS B TPEX YHUBEPCUTETAX, U3ydasi MEIULIUHY U PU3HUKY.
Pa6oran npodeccopom KoponeBckoro mHcTHTYTa, BpadoM B OonbHHUIlE cB. ['eoprust B JloHmoHe,
cekperapem bropo noaror, pykoBoawi uzganueM « Mopckoro kajgeHaaps». B mocnennue rojpl Ku3HU
3aHUMAJICS. COCTABJICHMEM ETUIIETCKOro cioBapsa. Ero HayuHble pabOThI OTHOCSTCS K OINTHKE,
aKyCTHKE, TEIUIOTE, MEXaHUKEe, MaTeMaTHKe, aCTPOHOMHH, reou3mke, GUIONIOTUN U 300J10THH. BoT

NepeYeHb €ro JOCTIKEHUH B 00JaCTH ONTUKU:
1793 1. — 0OBSACHWII SIBIICHHWE aKKOMOJIAITNH TJ1a3a N3MEHEHNEM KPHUBU3HBI XPyCTAIINKA,;

1800 r. — B pabote «OmnbIThl U MPOOIEMBI TIO 3BYKY M CBETY» IMOIEPKaJl BOJTHOBYIO TEOPHUIO
CBETa, MPEeUIOKII MIPUHIIMII CYTIEPIIO3ULIUH BOJIH, YKa3al Ha YCHJICHHE U ocliabieHne

3BYKa IPH HAJIO)KEHUHU BOJH (MHTEpdepeHIus);

1802 r. — BBINIOJHWJI TEPBBIA JIEMOHCTPAIIMOHHBIA OIBIT O HAOTIOICHUIO HHTEPhEpPSHITNH

CBeTa, MOJyYUB 2 KOT€PEHTHBIX UICTOYHHUKA HHTEpEpEeHIN;

1803 r. — INEPBbIM OOBSICHUII SIBJICHHE I/IHTep(l)epeHL[I/II/I, BBCA 3TO MOHATUEC; U3MCPUIT NJIMHBI

BOJIH Pa3HBIX [IBETOB; 00BICHUI KoJIblla HploTOHA;

1807 1. — BBICKa3a) WA O (GU3MYECKONW HISHTUYHOCTH CBETa W JIYYHCTOH TEIUIOTHI,

OTJINYAKOIINXCs TOJIBKO )1J'II/IHOI71 BOJIHBI,
1817 1. - BBIJIBUHYJI UACHO O MOINIECPEUYHOCTU CBETOBLIX BOJIH.

6. UnrepdepeHunoHHblie cucTeMbl (CXeMBbI IJIs1 HA0JII0IEHUSA
HHTEep(epeHUN)

Obwue npunyunsl yempoucmea unmepgepenyuonHbix CUCmem:

1) Cywecmeyem ucmounux ¢ koeepenmuviv AA u 2eomempuueckum
pazmepom D.

2) Uumepgpepenyuonnas cxema pazoensem NepeOHAYANbHLIL NYUOK HA 2
KO2epEeHMMHbIX.

3) Hanoowcenue 6oin om 2 KO2epeHMHbIX UCMOYHUKOS HA IKpawe odaem
unmepghepenyuoHHyI0 Kapmumy.

Yro Ha/o 3HATh U YMETh JENATh:

1) Ctpouth uHTEphEPUPYIONTUE TyIH B COOTBETCTBHH C YCTPOHCTBOM CXEMBI.
2) Beruucnare mMUpUHY UHTEPPEPEHIIMOHHBIX 110JIOC.

3) OnenuBath pa3mMep UHTEPPEPEHIIMOHHOW KaPTHHBI (U3 TEOMETPUH, TPOCTPAHCTBEHHAS U
BpEMEHHAasi KOT€PEHTHOCTb ).

4) OneHnBaTh painyc KOT€PEHTHOCTH CUCTEMBL
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1. Onvim FOHea.
I'eomerpuyeckue mapamerpel cuctemsl L,L,,D,d

IpeCTaBlIeHbl Ha pUCyHKe. JMHa BOJHBI cBeTa A, CTeneHb
MOHOXPOMAaTHYHOCTH UCTOUHUKA A .

L
d b

<~

T = [upuna MHTEPPEPEHIIMOHHONW MOJOCH Ax =
d

TaK Kak ¥ = T YTOJI MEXTy HUHTEp(EepPHPYIOMUMHU JTydaMH Ha YKpaHe.

3I[€CL U B ,Z[ElJ'IBHCfIH.IGM ﬂ — JJIMHA BOJIHEI CB€TAa B BAKYYMCE.

A _AL D
Pros = , TAK KaK ¢ = —— yTJIOBOM pa3Mep NCTOYHUKA U3 MECTA Pa3IEIICHUS JTydeil.
¢ D L,
B wmecte pa3aciicHuAd nyqeﬁ pacCTodHUC MEKAY HHUMHU HOOJDKHO OBITh MEHBIIIE paanyca

AL, /1 L, A d
5ﬂ —=0f= S~ yron mexy uHTep)EPUPYIOIIHMU
0

KOTE€pPEHTHOCTH d < P, =

JIy4aMHU IIpU UX BbIXO/JC U3 UCTOYHHUKA.

MakcumanpHOE€ YHCIO IIOJIOC Ha 3KpaHeN ONpEaACIIACTCA U3 YyCIIOBUA BpeMeHHOI\/'I

max Aﬂ
KOT'€pPEHTHOCTH.
2. 3epkano Jlnouoa. D 5 2 v /
I'eomerpuyeckue  mapamerpsl  cucremsl  h,D,l |j 5 1 2
IpEICTaBIEHBI HAa pUCYHKeE. J[JIMHA BOIHEI CBETAa A, CTENEHD 7 7] %
MOHOXPOMAaTHYHOCTH UCTOUHUKA A . 1/ 2 /
- l g
VYron mexy uHTephepupyOIMMU Ha SKpaHe TydyaMu
Al

V= v orpenenseTr co0oi MUpUHY HHTEP(EPEHIIMOHHOM MoJI0Chl Ax = —.

2h
Ilycts S, [, — yriibl MeXAy NEPIEHIUKYJIAPOM A K 3epKally U UHTEP(HEpHPYIOIUMHU JTydaMU

1 1 2 npu uX BBIXOJIE M3 UCTOYHKKA. Toraa yroa off Mexay MHTEp)EpUPYIOIUMU JTydamu | u 2 npu

uX BbIxojie u3 ucrounnka Of = fB, — . OnpenennM orpaHAYEHUs] HA TEOMETPUYECKHE TIAPAMETPBI
CHCTEMBI, CBS3aHHBIE C YCIIOBUEM MPOCTPAHCTBEHHON KOTEPEHTHOCTHU CBETA, YUUTHIBAS, YTO YTIIOBOK

pa3Mep UCTOYHUKA M3 MECTa pa3JesieHHs JIydel ¢ = T
1

B=5 -5
Loz > LO0 :&>115,B :>5,B<i.
Koe D D

A A
Proe ==
o D
Eciu yron 0 3aBeoMo 3a1aH yCTPOMCTBOM CXEMBI, TO BOSHMKAET OTPAHUYEHUE HA
A d AL
pa3mep uctouHuka D : D < 5 Tak, B onbite FOHra 0f = T uD< do
0

2h Al
Cuurast OB, = ~» TONYHagM OrpaHITISHHE Ha PasMep HCTOHIKA = D< oY

22



E.H. AkcenoBa [I'nmaBbl Kypca OnTuka

Onpenenum MAaKCHMAJIBHO BO3MOYHBIN pasmep D 2 E/
UHTePHEPEHIIMOHHON KapTHUHBI X, ., U3 ycnom/m IPOCTPAHCTBEHHOMN P,‘\@U\ V%/ 7
5 A II - C/
KOT€pPEHTHOCTH CBeTa, cuutas Of ., =-— M YUHTBIBAas yCIOBHE = ' _—" =
- [
nono6ust TpeyroyibhukoB DAB u BEC, o6pa3013aHHHx OTpaXEHHBIM
OT 3epKaja Jy4oM:
-1 o) IA IA Al 2h
=h—- h—'B:h—:—, Toraa p,m:—‘:Tzh:
[, v 2Dh 2D D P
Al
Pro 7220

= pmah:x ~h; Il =1/2.

D~—
2h

MakcuMansHOe 4uciio mojioc N,

max OTIPEIEIAETCA KaK MHMHHMYM H3 YCIOBHHM BpPEMEHHOU

U [IPOCTPAHCTBEHHOH KOr€peHTHOCTU MHTEP(EpUpPYIOUHX Tydeil:
N, =ming—- A ; Tmox L
AV Ax D

3. Busepkana ©@penens.
I'eomerpuyeckue mapamerpbl cuctembl /,&,D,r mnpencraBieHbl Ha pucyHke. J[JMHA BOJHBI

cBera A, CTENeHbh MOHOXPOMATHYHOCTH UCTOYHKKA A .
[Mopsinok mocTpoeHus: HHTEPPEPUPYIOLINX B 3TON CUCTEME JTydei TaKOB:
1) Uctounuk S;
2) DkpaH, Touka P;
3) Jlya SP;
4) 3epkano [ L SS'=cepenunnsbiii
NEPNEHNKYIIp K OTpe3ky SS’,
touka O° — TOYKa MepecedeHHs
nyya S'Pu 3epkana I;
5) Ha 3epxane I mmxe Toukn O

BeIOMpaercs Touka (O — IEHTP
OR=0S5=r);
6) O(R);

7) Jlya PS” uner nuxe 3epkana I no nepeceuenus ¢ O(R);
8) Otpesok SS”, cepemunnbli mepneHauKyIssp k SS” mpoxoaut uyepes Touky O — 3TO
sepkano /I L SS”;
9) Touka nepeceuenus 3epkana I/ uayda PS” =rtouke O
10) SO” — Bropoii HHTEPhEPHPYIOMIHIA Ty,
A

Ar .
=== D paxnyc KOT€PEeHTHOCTH CBETA, TaK KaK pasJielIeHUe JIydeil IPOMCXOINUT BOIHM3H

Koe

toukn O TepecedeHus 3epKall.
£8’SS” =@ — yroy mexay 3epKanaMH, OHU PaBHbI Kak YIJIbl C B3AUMHO TIEpPHEHIUKYISAPHBIMU
CTOPOHAMHU.

£8'08"=2c¢ — Tax kak OH onupaerca Ha ayry ~S8S” W ABIAETCS LEHTPAIbHBIM
=" 88" =2ar.
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SS” 2ar .
VYron mexay uHTEp(EpUPYIOMIUMU Ha dKpaHe ITydaMu l//=l :l_ ompenenser coboi
+r +r
Al +
MIUPUHY UHTEPHEPEHITMOHHOM MONOCH Ax = %
or

X
Vron Jf Mexay uHTEephEpPUPYIOLIMMU Tyd4aMu 1 ¥ 2 IpH UX BHIXOJE U3 MCTOYHHMKA Of = —,
r

vl 2ol 201
PACCTOSIHUE MEXK/Ty JTyuaMu Ha 3epKayiax x =y -1 = Jf = = =
ro r(l+r)y I+r
< A _ A(l+7)
op 2al
Bonpoc. MoxHO 1M 4TO-TO cAenaTh, 4TOObl YBHUJETb HHTEP(PEPEHLHOHHYIO
KapTHMHY Ha S5KpaHe, €CIM pa3Mep HCTOYHHMKA HEMHOIO IPEBOCXOAMT BEIMUYUHY,
Al +7) 0
200
Otser. OueBUAHO, HAJO NOCTAPATHCS YMEHBIIUTD YIOJ MEX/y BBIXOIALIMMHU U3
UCTOYHUKA S HHTep(epupyolUMH JTy4aMH, a Aids 3TOr0 MOXKHO IONpoOoBaTh
OTOJBUHYTb HCTOYHUK OT 3€pKaj, YBEJIMYUB TE€M CaMbIM paJUyC 7, TAKXKE MOYKHO
HEMHOTO IPUOJIM3UTh 3KpaH K 3epKajiaM.
Onpenenum MakCHMalbHO BO3MOKHBIN pazMep MHTEpPEepEeHIIMOHHON KapTUHbI A B

n3 FCOMeTpI/II/I CUCTCMBI.
AB =20l =

D

— OrpaHU4YCHUC HaA pasMEp ucroununka D .

OTIPEJICIICHHYIO U3 COOTHOIICHHS D =

N .| A AB 202ar A 4a’rl | — makcumanbHOE 4MCIO monoc N,
=miny—;—="""— iny—;———

AL Ax A +7) AL A +7r)

onpesensercs Kak MAHAMYM W3 YCIOBUH BPEMEHHOH KOTEPEHTHOCTH MHTep(hepUpyHONIHUX Jydei

¥ TEOMETPHH CUCTEMBL.

4. bunpusma Dpenens.

Hecnoxno nokazare (CaBenbeB, 3amada 5.7), 4To is
MaJbIX YrJIOoBH TpU  BEepUIMHE TPU3MBI BCE IJIy4d
OTKJIOHSIOTCS. TPU3MOM OT MEPBOHAYAJIBHOIO HAIPABICHUS
Hayron @=(n-1)0.

B naHHOM city4ae 3T0 04eBHAHO, 7, SIN @, = h, SIN @Y, =
¢, =ng > Q=0 - =¢(n-1).

Tak kak @ =0=>@=(n—-1)0— yronm OTKIOHEHHS TMPHU3MOW KaXIOr0 Jydya OT €ro

MIEPBOHAYATIHLHOTO HAMPABJICHUSI.
[Ipu 5TOM 00pa3yIOTCs 1BE KOTEPEHTHBIE IUJIMHIPHUYECKUE BOIHBI, KaK Obl BBIXOSIINE U3 IBYX
MHHUMBIX ncToyHnMKoB S’ u S”, paccTosHue Mexay KOTOpsIME d = a-26(n—1).=
d 20(n—1a
= =
a+b a+b
A Ma+b)

upuna uaTEpHEPEHITNOHHON MOTOCH Ax = — = .
v 20(n—1)a

VYron Mexay BeKTOpamMu El 51 EZ V=

Aa
ik
PaccrosHre  MeKay — JlydaMd B MeCT€  HMX  pasjielieHHs  PaBHO
20(n—1)ab A(a+Db)

Aa
by = ———< p  =—.= OrpaHudeHue Ha pa3Mep UCTOYHUKA D < —————.
a+b D 20(n—-1)b

PaZ[I/ch KOIr€pEeHTHOCTH CUCTEMEL O, . =
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A 20(n-b _[20(n-1)]*ba
AL Ax Aa+b)
BTOpOC BBIpAXXCHUC B CK06K€ ONpeacisiCT 0060171 06J'IaCTL HNCPCKPBITUSA
(HAJTOXKeHHMSI ) Tydeld OT MCTOYHHKOB S "u s’ , TO €CTb HOCUT YHCTO T€OMETPUUECKUI

XapakTep.
Bonpoc. Kyna Hazo noctaButh OUnpusmy, 4T00bI YUCIIO TOJOC OT KOTEPEHTHOTO
HMCTOYHMKA OBUIO MaKCHMaJlbHO, €CIIM pPAcCTOSHWE OT HMCTOYHHKA J0 DJKpaHa

¢duKcupoBaHO U paBHO [?

Omser. a=l-b=>N,_, =&-b(I-b)= N, =0 npu (I-b)-b=0=b=

MakcumansHoe yrceno nojgoc N, =min

=

L
2

bunpusmy Hago NOCTaBUTH MOCEPEANHE MEKAY UCTOUHUKOM U SKPAHOM.

5. Koavya Hvromomna.

KpyroBble monocsl BO3HHKAIOT Ha CHEpUYECKON MOBEPXHOCTH
B pe3ynbrare HHTEphEpeHImu ayded 1 u 2, OTpaXeHHBIX OT
chepudeckoii MOBEpXHOCTU (2) M OT HIDKHEW miacTuHbl (1), Kak

|'j|ﬁ ITOKa3aHO Ha pUCYHKE.
B BO3AYIIHOM 3a30p€ BOJIHA 1 HpI/IO6peTaeT 3a CHCT OTPpAKCHUA
R . A
OT ONTHYECKHU 00JIee MIIOTHOM Cpeabl 5 .
- I

D,

A
A=2b+ By <— ONITUYECKasi Pa3HOCTh XoJ1a Jiyda 1 u myda 2.

31ech U B janbHedmeM A — JUIMHA BOJNHBI B Bakyyme, b —
paccTosiHMEe MEXJy JIMH30M W IJIACTMHKOHN Ul paccMaTpUBaeMOro

paauyca 7.
Beruucium paguycsl CBETIbIX KOJEL 7,
2
,
RP=r*+(R-b)’=R*+r*—2Rb=>b=~—=1r=+/2Rb.
2R
A-m < max — MakCMMyM HHTCHCHBHOCTH

1 .
2 A (m +— | ¢~ min — MMHMUMYM UHTEHCUBHOCTH.

1
r =1 (m — EJR — paanyChl CBETIIBIX KOJICII.

Jis 60nbrix m >>1 mupuHa UHTEpPEPEeHIIMOHHON TOJIOCHL:

1
(Ar)m=]/'m+1—]/'m= ﬂR \/m+5—\/m—5 zE p”

AR
Pagnyc KOrepeHTHOCTH ONPENENAeTCs U3 YCIOBUA O, = 5y
y) 2 2 2
2h+— < ’1_ —=2b=2 Tmax RAM < /1— =>m <—— — OIpaHdHYEHHE YuCia
2 AA 2R R , “p AL max A4
FRY)

KOJIEI] U3 YCIIOBHUSI BPEMEHHON KOT€PEHTHOCTH.
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[ max
emax R
i y I, R
4K ycioBus NpOCTPAHCTBECHHOU KOT'CPCHTHOCTU HAUJIEM Wlmax2 . < bmax -49max < pm? = E =
2
b 7 max
| max - 2R

1
wZ

910 OIrpaHUYCHUEC YHCJIa KOJICI] U3 yCIIOBUS HpOCTpaHCTBeHHOﬁ KOIr€pCHTHOCTHU.

A 1
MaxkcumanbsHoe yncno konen N . =ming—; R (

AL AD?

:>rmaX<R-(%)%:>mmaz <R-(—)".

X

1
)A } , IPU 3TOM MaKCHUMaJIbHBIN paanyc

uHTEP(YEPEHIIMOHNHOrO0 KoNbIa 7, < mins A, }%;R(%)% }

Bonpoc. Yto npousoiiner ¢ nHTepHEPEHIIMOHHON KapTUHOM, €CITH BCIO CUCTEMY
Ui HaOmoaeHns Koell HploToHa TOMEeCTHTh B BOLY?
Otser. Ecnu cuctemy norpysuTs B BO1y, TO:

1) onTrueckas pa3HoOCTh Xo7a A nmyda 1 u 2 yBenuuuTcs T, U MIO3TOMY PaJANyChl

KOJICH YMCHBIIATCA ~L,

2) SIPKOCTh KAPTHUHBI TOXE YMCHBIIUTCA, TAaK KaK HWHTCHCUBHOCTb CBCTA4,

2
cm

2
(nH20 + ncm)

I(n, ,—n
o o H,0
MPOMICIICT0 B 3a30p MEXAy JIMH30H W IulacTuHKou, [, = :

npow

— 4eMm

OJIMKe MmoKa3aTenu MMPCJIOMJICHUS I'paHUYaAIUX CpCl, TCM MCHBIIIC 1

npowt *

6. Tonxue nrockonapannenvhvie niacmunku. 11onocel pasHo2o Haxkioua.
[TycTh TONIIMHA TUIOCKOMAPAIUICIBHOM TUIACTUHKM b M ee TOoKa3aTelb MPEJIOMICHUS 7 .

Haiizem onrtuueckyro pa3sHOCTh Xxoaa A myded | U 2, majaroimux Ha IUIACTUHKY MOJ yIJioM 6, Kak

IIOKA3aHO HAa PUCYHKE:
2bn A
A=—-8§ ——.
cosé, 2
INocnenHee cnaraeMoe BO3HUKAET 33 CUET OTPAKECHUS
Jqy4a 2 OT ONTHYECKH OoJiee MIIOTHOM cpelibl, 31eCh
A— JUTMHA BOJIHBI B BaKyyMe.
S, =2b-tg6,siné,.

U3 3aKkoHa npeoMIIeHus cBeTa nsinf, =sinf, =

cos@, =4/1-sin’* @, =

. 2 2 s 2
A 2bn 2b-sin” 6, _&: 2bn __2bsin" g _&:me_i,
sin” 6, sin g, 2 \/nz—sinzé’l \/nz—sin2 6 2 2
-2 1=
n n

Ecnu mMeeM MIIOCKYyI0 MOHOXPOMATHYECKYIO BOJIHY, KOTOpas IMajaer
Ha IUIACTUHKY TOJ YIJIOM &, TO B OTPaXCHHOM CBETE€ HE MMEEM HUKAKHX \\

I10JIOC, XOTA B 3aBUCUMOCTH OT YyIJla IaACHUA 6y,I[CM HMETH PA3JIUYIHYIO \\
OCBCHICHHOCTDL 3KpaHa. \\/
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1 A m < max
A=2b\n* —sin? 6, —-Z = 1 .
2 |4 m+§ < min
YroObl _yBHmeTh HMHTEPhEPCHIMOHHYIO KApTHHY, COCTOSILYIO H3 I / /\ €]

CBETIBIX M TEMHBIX IMOJIOC, HAJ0  MCIOJb30BaThb _ PACCESHHBIN
MOHOXpPOMAaTHYECKUN cBeT + nuH3y. [loMecTuB sKkpaH B 3a1Hel (pokaabHOM
IUIOCKOCTH, Oy1€M UMETh KPYTOBbI€ MOJIOCHI PA3HOM ILIHUPHUHBI.

Ilupuna nonoc Gyner ompenensatbes Gokycusim paccrosumem [~ [[b \f n |

WCTIOIB3YEMOM JTUH3BI:
Ax,=R,-R,, = f,(tgalm _tgalmﬂ )s

Rm = f,. tgalm ;
siné,
1g0, = ~;
" cosé,

2b+[n* —sin* 6, +§= /1(m+%) =n’ —(%)2 =sin’ 6,

amY -
cos’ 8, =1+| —| —-n’
" 2b
o (AmY)
ol — 2b B (2b)’n* = ¥m’
T T Y L (@) A=)+ Bm
I+ — | —n
2b
Bomnpoc. CkoibKo BUHO KOel[?
Orser. Koaunuectso KOJIEI] COOTBETCTBYET pasHoOCTH

V4
Am=m_, (6, =0)—m_, |6 =3 , rme m_, , m_ COOTBETCTBYIOT MAaKCHUMyMaM

T
WHTCHCUBHOCTHU [JI YTJIOB, OJIM3KUX K Hl =0wu 91 = 5 COOTBCTCTBCHHO.

m=[-—+=",n"—sin’6, |=>m,_, =[@—1]

2 4 : A2 :Nmax:Am:[z—/f(n—M)].

b -1 1
Myin = [ ﬂ, _E]
Ho Hago €Oi€ NpoBEpUTb, HEC MCUC3HYT JIM IIOJIOCHI H3-3a BpeMCHHOﬁ )41 HpOCTpaHCTBeHHOfI

HEKOTEPEHTHOCTH.
1) BpemenHast KOT€pEHTHOCTb.

2
A =2b+Jn* —sin’ 6, —i<lm :/1—;
2 A
2 2

A 2 24 A
H>>E:>2b n’ —Sll'l2 91 <A—/1.
\n’ —sin’ 6, ~1 ona mobozo 6, npu n=1,5 (cmexno)
=
0126, =0 N’ =1,5; 012 6,= 2 n® —1=4125 =1,

2

2
ons mo0bozo 0.

U3 8peMeHHOl Ko2epeHmHocmu ciedyem oepanHudenue Ha b <
2nA
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2) [IpocTpaHCTBeHHAs KOT€PEHTHOCTb.

A
P =— A @ — OTO B JaHHOM Ci1y4a€ BHEIIHUE 3aJaHHBIC ITApaMETPhI, TaK KakK OOBIYHO npu

paccMOTpeHUN HHTep(epeHInrH OT TOHKHMX IUICHOK HCTOYHHK HAXOIUTCS BHE TONS 3PEHUS.

. >2b-1g6, cosf =22 SMACOSO b sindb _y Gi0g <p Jn—sin’ 6 .
\/n2 —sin” 6, \/n2 —sin” 6,

Ilpu b< p,,, ycioBUE NIPOCTPAHCTBEHHON KOTEPEHTHOCTH COOJIIOICHO A1 Jitoboro 6.

Ecnu b>p

ko2 2

. T
mo 6 obracmu yenos G~45 :Z B03MOJCHO  UCYE3HOBEHUE

uHm€p¢epeHl4u0HHblx noJjioc, mak Kak 015 DMuUx yeioe6 ycioeus npocmpchmeeHHoﬁ KoeepeHnmHrocmu
0cobenno dcecmkue.

Juns creknac n=1,5

0 10° 30° 45° 50° 55° 60° 80°
pl;;oe 0,23 0,61 0,806 0,81 0,79 0,71 0,39
0., =50 T L
| A
Ecnu cobmonens! ycnoBusi: b < min — 1, 081
2Mn @
— 2b 2 2 — O>8b
TO N, _7(’1 —n _l)n=fs 7
4 0”
50 90

7. Ihhacmunka nepemennou moawunvl — xkaun. lTlonocvl pasnoul
MOAUWUHBL (WUDUHDL).

Kompia HproTona — dyacTHbeIfi cimydail HaOmoaeHUsT WHTEPHEPEHIIMOHHON
KapTHHBI C MOMOIIBI0 KJIMHA. AHQJIOTMYHO TOMY, Kak B ciydae koisiel, HbroToHa
KapTHHa BO3HMKJIA Ha chepryecKoil MOBEPXHOCTH JMH3bI, 37ieCh HHTEp(hEpEeHIIHOHHAS
KapTUHA BO3HUKAET HA IOBEPXHOCTHU KIIMHA.

Knun umeer napamerpst b, b, uyroa ¢.

PaccmoTtpum, kak nHTEpDEPUPYIOT TyUH.

NmMeeM  mapaiesbHbII
My4OK. B pe3ynbTare
OTpaXEHHsI OT BEPXHEU WU
HIKHEH MMOBEPXHOCTEH KIIMHA TMOJy4aroTcs 2

IUIOCKME BOJIHBI C BeKTopamu k, u k,,
HalpaBJI€HHBIMU TIOA yIJIOM ¥  JApyr
OTHOCUTEIBHO Jpyra. Belpasum ¥ depes
HapamMeTphbl CUCTEMBI.

sing, =nsiné, ;

93:§—¢:92+94:>

7
=6,=0,-6, :E—(p—ez;

28



E.H. AkcenoBa ['nmaBbI Kypca OnTuka
0s =§—94 =0, +9;
6+6,=71-6,=
=6, =r-6,-6, =7Z—§+(p—%+qp+92 =6, +2¢;
sin @, =nsin 6, = nsin(6, +2¢) = n-[sin 6, cos 2¢+cos b, sin 2¢] = nsin &, cos 2¢+ ncos 6, sin 2¢;

cos2¢p=1;

sin2¢ =2¢ =sinf, =nsin@, +n-2¢cosf, = sinf, —sinb, = 2npcosb,;
nsin@, =sin 6,

[102 _ o} 26
cos @, =+/1—sin’ 6, =1{1—Lzsin26?1 L
n n
sin@; —sin g, = 2(0w/n2 —sin’ 6 ;

sin@; —sin @, = 2sin % ;07 cos b ;97 ~yy/1-sin’ 6, ;

— yeon medxHcoy eeKkmopamu lgl u IEZ.

1—sin’ 6,
Tak Kak @ — Manblii yroia, To b, =b, =b ¥ pa3sHOCTb ONTUYECKUX MIMH IyTH Jiyda 1 u 2

A
. 2 < 2
BBIYHCIIACTCS, KaK ISl TOHKUX INEHOK A =2b4/n” —sin” 6, —5

, C TOW pa3HMIICH, 4TO «b» B TAaHHOM

cilydae, BOOOIIEe roBOpsi, IEPEMEHHOE.
Ha nmoBepxHocTH KiuHa max OyayT HaOMIOAATHCA B TOYKAX, COOTBETCTBYIOIIMX 3HAYCHHSIM

ﬂ(m + j
b=b, , nyis KOTOPHIX BHITONHSAETCS yciosue: 2b, \/n” —sin’ 6, —% =Am—b S Y
b . —b A

m A .
2\n* —sin’ 6,
— _mt —
upuna nosoc Ax = =X, =X

sin @ " 2(0\/112 —sin’6,

Bormpoc. MoskHo 11 ucnonib30Bath Gpopmyiny Ax = i ?

Ay1-sin’ 6
OtBer. Ax = e S 9 e

ycos 3 2¢\/n2 —sin? 6?\/1—sin2 6 2(p\/n2 —sin’ @

[ =6 =cosf=cosb, =1-sin’ 6, .

TakuM 0Opa3oM, MOJNYYHIH APYTHM CIOCOOOM TO € caMoe BBIPAKECHHE I
pacdera IUPUHBI HHTEPHEPEHITMOHHBIX TIOJIOC.

NuTepdepeHIronHy0 KapTHHY MOXHO HAOTIOAaTh HA SKpaHEe, PACIIONOKUB €T0 PaJHaibHO
OTHOCHTENBHO BEPUIMHEI KIHHA. [10Ty4aioTcs MOI0Ck], MapaielbHble
BepIIMHE KIMHA. B JaHHOM ciydae p,. 3adaH, Tak Kak Jydd

, TaK Kak

mapaajaciIbHbl M BOJIHA IITIOCKad. — OFpaHI/ILIeHI/Ie Ha YIJibl, 1OX

KOTOPBIMHK  MOXHO Ha6J'IIOI[aTI> I/IHTep(l)epeHI_II/IOHHyIO KapTUHY,
ONPENEIAECTCS U3 YCIOBHI:
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1) [IpocTpaHCTBEHHOM KOTE€PEHTHOCTH HHTEPHEPUPYIONTUX BOTH
bsin26,

n® —sin’ 6,

Koz *

IIpu b <np,,, 3TO ycioBue BBINOJHAETCS Ui JIOOBIX YIJIOB MaJIeHHs CBETAa Ha KIIUH, HO IpU

yAaJeHUH HKpaHa OT IOBEPXHOCTH KJIMHA PACCTOSIHME MEXIy HWHTep(hepHpYyIOIUMU JTydaMu
YBEJIMYMUBACTCS U MEPECTAET yAOBIETBOPATH YCIOBUIO MPOCTPAHCTBEHHON KOTEPEHTHOCTH, IIOATOMY::
1. OryeruBOCTh HHTEP(HEPEHIIMOHHOM KapTUHBI OJIMIKE K BEPIIMHE KIIWHA, TJIe MEHbIIE D.

2. HHTCp(i)CpCHLII/IOHHaH KapTHUHaA JIOKAJIN30BaHa BOJIM3HU IOBEPXHOCTHU KIIMHA.
2

200
B pesynbraTte HHTEp()EPEHIINOHHYIO KapTUHY MOKHO HAOII0JATh MIPU TOJILUHE KIMHA
s
b <min 2—;np,m}.

Adn

2) U3 ycnoBusi BpeMEHHON KOTEPEHTHOCTH b <

OcCHOBHBIE pe3yabTarThl 11O I/IHTep(l)epe}lIII/IOHHLIM CX€eMaM CB€/I€HbI B OAHY Taﬁ.}muy.

7. IIpocBeTyieHHE ONTUKH

Bonpoc. Uto MBI yBUAMM, €ClIM TOBECMM B BO3JlyXe IUIEHKY TOJIMHOMN
b=0,07 mxm u Oynem ocBemaTh ee:
a) J1a3epom;
0) OOBIYHOM JTaMITOH?
Otser. Kak B OTPAXCHHOM CBCTC, TaK U Ha IIPOCBET Mbl BUJIUM CBCT BUIAUMOTO
JMara3oHa, KOTOpbld uMeeT MTHHBI BOIH A =04 +0.7 mxm . Tlnenka otpaxkaer ooenMu

MOBEPXHOCTSIMH, IMOAITOMY PA3HOCTh XO0Jla OTPAXKEHHBIX JIydel A TaK Kak

ompaxc ’
Jyuelt

BCJICJICTBUE TOHKOCTH IUIGHKM B Hel pa3HocTh xona =0, a Ha OJHOM M3 MOBEPXHOCTEH IpH
OTPaXEHUHU OT ONTHYECKU OoJjiee MIOTHOW cpe/ibl BO3HUKACT JIOMOJIHUTEIbHAS PAa3HOCTh X0Ja 7

CKIaIbIBasiCh, JIBE OTPAKCHHBIC BOJHBI MAt0T 0, TO €cTh KOA(PPHUIMEHT OTPAKECHUSI TOHKOHN IJICHKH
r=0. CiaenoBateabHO, Mbl HUYETO HE YBHIUM B OTPAKEHHOM CBETE, U B 3TOM CIIy4ae KOIPPUIIUCHT
nporyckanus 7 = 1. Ha 3ToM OCHOBaH NMPHHIUI IPOCBETIICHHS ONTHKH, KOT/a Ha JIF00Y0 CBOOOIHYIO
IIOBEPXHOCTH JIMH3bI HAHOCHUTCS TOHKast (¢ TONMIMHON b << A) IieHka ¢ n, #n (Jryume Bcero,

KOFI[a nm = V n.auusbt )

JIUH3bL
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E.H. AkcenoBa [I'nmaBbl kypca OnTuka

I'nasa IV. [ludpakuus

1. Ilpyuanun I'oiirenca-Openesst

1) Onpen. Jugpaxyus — co8oKynHocmo AG1eHUL, CONPOBOHNCOAIOUWUX PACNPOCMPAHEHUE BOJIH
8 cpeoe ¢ pe3KuMU HeOOHOPOOHOCMAMU U CE8A3AHHBIX C HAPYUIEHUEM 3AKOHO8 2e0Mempuieckou ONMuKuy.

«/1o cux mop HUKOMY He YJ1aBaJOoCh yIOBJIETBOPUTEIHHBIM 00Pa30M ONPECIUTh PA3HUILY MEKIY
mudpakuueit u uatepdepeHnueiny. ITH cioBa npuHaanexar P. Oeitnmany.

OTnnuune — yCIOBHO-UCTOPHYECKOE:

euHTeppEpeHIIMsT — Tepepacnpe/ieieHue WHTEHCUBHOCTH B peE3yJbTare CyMNepro3uliuu
KOT€pPEHTHBIX BOJIH OT JIBYX WIH 0ojiee (HO KOHEUHOTO YHCIa) HCTOYHHUKOB;

e Tudpakius — nepepacnpeieieHue UHTCHCUBHOCTU B PE3YJIbTaTe CYNEPIIO3UIIMH KOTEPEHTHBIX
BOJIH OT HEMPEPHIBHOTO (TPOTSHKEHHOT0) HCTOYHUKA.

Ho, BooO11e roBOpsi, Ipu pacCMOTPEHUHN UHTEPPEPEHITUHN MBI TOKE UMEIH JIENIO C TPOTSHKEHHBIMU
WCTOYHHUKAMH U Jake ObUIM 00s3aHBI ATOW MPOTSHKEHHOCTH TEM, YTO BO3HHKaja MPOCTPAHCTBEHHAS
HEKOT'€pEeHTHOCTh. YTOOBI M30€XaTh MPOCTPAHCTBEHHOW HEKOT€PEHTHOCTH BOJIH, Mbl CTapallCh YHTH
OT UCTOYHHKA KaK MOXKHO JTAJIbIIIE, YTOOBI CJIENaTh ero ToueqHbIM. [Ipu paccMoTperHnn Audpakinu Mbl
NepBOHAYAIBHO, HA000POT, HE Oy/IeM YXOJIUTh OUYEHb AAJIEKO OT UCTOYHHKA.

2) IlycTtb muiockas BoJIHA NajjaeT Ha HEMIPO3pauHbIi SKpaH ¢ OTBEPCTUEM 27, .

B 3aBuCHMOCTH OT MOJIOXKEHUSI 3KpaHa MOTYT NOJy4aThCs pa3IudyHble KAPTUHKU,
B TOM YHCJIE U B LICHTPE 3KpaHa.
Bomnpoc. Yto siBnseTcst napameTpoM, OIpeaeIITIoIUM BUJT KApTUHbBI?

/ N

OtBetr. COOTHOLIEHUST — U — .

r; 17

0 0 —_—

2r,

AL A .
—— =— — 60IHOGOU napamemp. -
I"O I"O i"o l

<< 1, me. A -0 ceomemp. onmuxa

Ecnu ﬂ ~1 — ougppaxyus @Ppenens

[
>>1, me. —>>1 — ougparyus Ppayneopepa
T

Hudpakuus @paynrodepa = nqudpaxiys B mapayjIeIbHBIX Tydax.

3) [ornmanue TOTO, KaK Moxy4aercss MHTep(EepeHIIMOHHAsT KApTHHA OT OJTHOTO OTBEPCTHS, TaeT
npuHiu ['roirenca-Openens:

Joboii anemenm dS,, 6onnosotl nosepxnocmu S CayHcum UCmoOUHUKOM 6MOPULHOU
cpepuueckoll 80HbL, AMNIUMYOA KOMOPOU NPONOPYUOHATbHA eeaudune dS,, . Ilpu
IMOM AMARAUMYOA chepuueckoll 80IHbI 0OPAMHO NPONOPYUOHATLHA PACCMOAHUIO

om anemenma dS,, 0o mouku nabadenus P (~ 1 ).

Tvip
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CnenoBaTenbHO, OT 1000T0 3JIEMEHTa dS,, B TOUKY P NpHJIET:

. - ei(a}t-%—aM —kryp)
dE,(M)=k(9)-E, (M)———dS,,. *

nepe MP HCTOYHUK

3nech EOW — aMIUTUTYyJa IEPBUYHOTO T0JISI B TOUKe M;

k(@) —kodpdUIHEHT, KOTOPBIN 3aBHCUT TOJILKO OT YTJIa MEX/Ty HOPMAJIBIO K BOJTHOBOMY (DPOHTY

Y HallPaBJIEHUEM U3Ty4eHUs BTOpUUHONU BOIHEI ['tolirenca, k(@) =K, npu ¢ =0.

i(@t+ay, —krp) —ikr

E(P)=[kp)-E, (M) ———dS,, = E, & [k(g)-=—-ds — omo
S S

nepe MP oa=const o1a N "e€p6 r
mouxku M ,m.x.
S eonn. nos.

ananumuieckoe gvipadicerue npunyuna I ioticenca-Ppenens.

HEPIIO3PATHBIL

4) O6ocunoBanue npuniuna I roirenca-dpenens. —> [ mm

JIro6ast Touka skpaHa o aeiicreueM E - uznydaer E

emop BTOPHUYHBIC —_—
mpo6ka IT
C(l)epI/ILICCKI/Ie BOJIHBI TaKHEC, YTO CJICBA BO3HHUKAIOT CTOAYUC BOJIHBI, 4 CIIpaBa

TE,,+VE,, =0=E, =-E —

nepe 6mop nepe emop *

BLII[GJ'II/IM 4JaCTb 3KpaHa, NEPCKPLIB €€ HpOGKOﬁ H, TOrJa OTCYTCTBUC —
BOJIH CIIpaBa JacT CICAYIOMICC YCIOBUC:

nepe

O = Enep(x + J.dE(fm()p + I dEem()p °
npobka KpaH
Ecmm BBIHYTbH HpO6Ky, TO CIIpaBa:
E=E,, +[dE,,, =-|dE,,, = [dE,,, ,rax xax dE,,, =~dE,,,.
KpaH npobka npobka

To ectb 06yI0 MOYKY OMKPLIMOU B0IHOBOU NOBEPXHOCHU  MONMCHO

paccmampueams KaxK Cynepno3uyuro UCMOYHUKO8 SMOPUUHbIX 80JH. B smom cymo
npunyuna I toticenca-@penens.

2. lndpakuusa cpepruueckKoil BOJHbI OT KPYIJI0ro OTBEPCTUS
U KPYrJioro aucka. 3oubl Openes

1) Paoduycwi 30n Dpenensi.
PaccMOTprM H30TPOIHYIO OHOPOIHYIO CPEy U TOUCUHBIH UCTOUHHK S.

- TOYKa Hﬂﬁﬂlﬁ,‘_’(eﬂliﬂ

\BOJ‘IHDB?ISI MOBEPXHOCTL
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Ilyctb @ — paccTosiHME OT UCTOYHMKA S O paccMaTpUBAaeMOIl BOJHOBOM MOBEPXHOCTH, b —
paccTosiHUE OT BOJIHOBOM MOBEPXHOCTH /0 TOYKH HaOmroneHus P. Pa3o6beM BONHOBYIO MMOBEPXHOCTh
Ha KOJIBLIEBBIE 30HBI CIEAYIOIINM 00pa30M: pacCTOSHUE OT KpaeB Kak 101 30HbI 10 TOUKH P oTianuaercs

A
Ha — OT COOTBCTCTBYIOIICTO PpAaCCTOAHUA JIA HNPCAbLIAYHICU W HOCICAYIOHICH 30H. Torma nms

reOMETPUUECKUX Pa3MEPOB /-1 30HbI OyIEM UMETH CIIEYIOIIEE COOTHOIIEHUE:
2
A
2 2 2 2 .
T :(b+5m —b+h,) =a —(a—-h,) =;

2
b2+b/1m+(/17mJ —b>—2bh —h’ =d’—a’ +2ah, —h> =

ﬂ 2
b _
/1m+(2mj ) bim
2(a+b) 2(a+b)’

2
2hm(a+b)=b/1m+(%mj =h =

r, =+2ah, = ab - Am.
a+b

3onbl, paccmosnuss om 2pamuy KOMOPLIX HA Chepuueckou ONHOBOU

A
nogepxHocmu 00 MOYKU HAOIOOeHUs. PABHDBL b+5m (m=1,...N,...), Hazvisaiomcs

30Hamu Dpenensi.
Cyms 301 @peHens 6 mom, umo 6 npeodenax Kaxcoou u3 Hux ¢azvl Ko1ebanutl, NPUXo0auwux om

060U MOYKU 80JIHOBOI noeepxHocmu, jieaxcam 6 npec)ejzax T (TO €CTb OTIIMYAIOTCA APYT OT Apyra HE

OoJiee yeM Ha 7).

2) Hnowaou 30u @penens.
mabAm
[Tnomans chepuueckoro cermenta S, =27R-h =———
" paouyc " a+ b
cepepoi
R=a
nabA

a+b
pacter T ¢ poctom T m, To ammnurysa koneGanmii A, | yobiBaer = 4, > 4, > A, >...> A4, > ...

AS,=S,-S,1= < we 3asucum om m. = Tak KaK pacCTOSIHHE 10 TOUYKH HAOIIOACHUS

3) Cymmapnas amnaumyoa korebanuil 8 mouke P:

Az=A1—A2+A3—A4+...+Am—...=i+ i—Az+é + é—A4+é ot A"’—Amﬁ+ﬂ.
2 2 2 2 2 2 2

Taxk kak ¢ pPOoCTOM T m aMIlIJIUTyda Am \L Y6I>IBaCT O4YCHb MCIAJICHHO OT 30HBI K 30HC, TO MOXXKHO CUMTAThb

A, +A4 A
A, z%’”“ st moboro m . Torga Ay =—-, To ecTb amnaumyoa Korebanuii, co30aéaemas 6
mouke P ecemu 30Hamu OmMKpuLIMOU BONHOBOU NOBEPXHOCMU, PAGHA NONOSUHE AMNIUMYObI,
€030a6aemoll 8 Mot MmouKe nepeoll 30HOU.

4) Memoo epaghuuecko2o crodcenuss amnaunmyo.

Pa3o0beM mepByIo 30Hy Ha m MajbX TOA30H paBHOW miomiamu. Jlobas u3 |4, N
MTO/I30H OYJIET JaBaTh AMILTUTY Iy d;ll, , IpAYEM KoJieOaHUE OT KaKI0H MOCIIEAYFOIICH 14;
nomsousl dA.,, Gyner umers cmBur dasel d¢ OTHOCHTENIBHO KONEOaHHs OT
MPEIIIECTBYOIICH TTOJ30HbI d?ll. . .
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Tax kak, IO 10 TPaHMIIBI IEPBOI 30HBI CO BTOPOM, TOJDKHBI TIOJTYYHUTh CIBUT a3kl HA 7T, TO

V3 - .
dp=—. CoeqHUB HAyaJl0 U KOHEL BCeX BEKTOPOB dA; (i =1,...,m), IPUCTPOECHHBIX APYT K APYTY,
m

MOJTYYUM aMIUIUTY Ty KoJleOaHU 4, , IPUXOAALINX OT NepBoil 30HbI DpeHes.
AHaJIOrM4YHO AJI1 BTOPOH U BCEX MOCIEAYIOIUX 30H MOJIYyYUM CKPYUYHMBAIOILYOCS CIIUPAIIb c

A
LIEHTPOM B TOYKE 71 Tak Kak KOHEIl CIUpaJId COOTBETCTBYET BCEM OTKPBITBIM 30HAM, TO €CTh
OTCYTCTBHIO TIPErpaj MEXIy UCTOYHUKOM M TOYKOW HAOIIONEHUS, TO, CJIEJOBATEIbHO, aMILUIUTY/A
A
KosieOaHuil Ay , cO34aBaeMbIX BCEMH OTKPBITHIMU 30HAMHU, PaBHA 7‘ C npyro#t CTOpOHBI, aMILUIATY 1A

KOJIEOAHUI OT BCEX OTKPBITBHIX 30H COOTBETCTBYCT HHTCHCHUBHOCTHU CBCTA HaﬂaIOIIICﬁ BOJIHBI

Taxkum 00pa3oM, HHTEHCUBHOCTb CBETA, IPUXOAALIETO OT nepBoii 30l Openens, [, =41 .

BoiBoa. Cnupane @penens umeem ciedyroujuil 8U0:

koHen 1-4i 1oHpr=
— 4

KOHell 0TKPRITON clapyn
ROJIHOROI MOBEPXHOCTI

METHOCTREHY OTKPEITIA
BLO/THAENH TROBE [P HOCT

Ha e - BoH R

5) Omnocumenvnocms Koaudecmaa 30n Ppenes.

Heo0xoauMo uMeTh B BHAY, YTO KOJIMYECTBO OTKPBITBIX 30H ONPEACISACTCS HCKIIOYUTEIHHO
PacrooKEHUEM TOYKH HAOJI0ICHHUS OTHOCUTEIBHO OTBEPCTHS B TIpErpajie u ero pazmMepoM. OTHO U TO
KE OTBEPCTHE MOKET OTKPHIBATh CKOJBKO YromHo 30H DPpeHensi B 3aBUCUMOCTH OT PACIIOJNIOKEHUS
TOYKH HaOroAeHUS. [Ipy 3TOM, YeM Oirrke K OTBEPCTHIO TOYKa P, TeM 0O0JIbIIIe 30H OTKPHITO.

Chopmynupyem kputepun Tudpakiny «Ha S3bIKe» 30H OpeHers:

N re(a+b) 1} a+l

abA = Al a
7"2
Ha a>b=1 m=-2.
Al
A
m>>1= — <<1 — ceomempuueckas onmuxa,

0

m~ 1 — ougppaxyus Ppenens;

m<<l= /1—21 >> 1 — oupppaxyus @payneoghepa, ouppakyus 6 NApaIIebHbIX TYUAX.
I
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6) [Ipunyunst pabomul ¢ duazcpammou Ppenens.

Amnaumyoa cymmapHuix Konebanuii 8 mouke P onpedensiemcs no cnupanu @penens ciedyrouwum
obpaszom:

Hy

1. H3o06padsicaemcs chupane ¢ paouycom A, = |2 |—1, , 20e I, — unmencusnocmo nadarouyeri
80

80/HbL. (Bekmop, npoeedennulil uz Hauania nepeou 30uvl Dpenesi 8 Yyenmp CRUpaiU, COOmMeemcmeyem
NOJHOCMbIO OMKPBLIMOLL 8OJHOBOU NOBEPXHOCHIU.)

2. Ecnu umeemcsi 00Ha unu HeCKoIbKo noopsio OMKPLIMbIX 30H, MO NPOBOOUMCS EKMOP ;IZI ,
HA4an0 Komopoz2o cosnaodem ¢ Ha4aiom OmMKPbIMOLL 30Hbl C HAUMEHLUUM HOMEPOM, KOHeY 8eKmopa
;lzl cosnaoaem ¢ KOHYOM OMKPbIMOU 30HbL C MAKCUMATILHBIM HOMEPOM.

3. Ecnu omkpuimvle 30HbL Yepeoyromcs ¢ 3aKpblmvlMU, mo, 8 COOMEemcmeuu ¢ NyHKmom 2,
noc1e008amenbHO CIMpOSIMCs 6eKMopa lei 07151 6cex i OMKpbIMbIX 001ACmel.

Bexmop om snewnux omxpvimeix obracmeti 3aKAHYUBACMCIL 8 YEHMPE CNUPATU.
4. Pezynomupyrowuti eexmop 6 mouxe HaOM0OeHus A, = ZAL Haxoo0umcs no Npasuiy
i

CILOJHCEHUS 6EKMOPO6, NPU DNOM, KAK nNPAasujlo, npouie 6bl4UCIAMb 6EKMOPHYI0 CYMM) NOKOMNOHEHMHO:
-~ - - - - 2 2 2
APX N ZAZ:‘x’ APy - ZAZiy :AP - APx "€y +APy e AP - APx +APy ’
i i

&
My

1 2
5. Unmencusnocmo 6 mouke naonwooenus [ =— Ay

7) llpumeprl.
1. IlaTeHCUBHOCTB Nafaromei BoHbI /;, . M0OXXHO JI1 OMy4uTh B Touke P [, > 1,7
CraBuM 5KpaH Tak, 4TOOBI paJlyCc OTBEPCTHS ISl TOUKU P COOTBETCTBOBAJ PANYCy IEPBOM 30HbI
@penens r=r,, uumeeM Ay = A4, — 1, =41 .
Bonpoc. Otkyna 6epeTcst JOTOIHUTENbHAS YJHEPTUsi?
Ortser. IlepepacnpenenseTcs 3a C4eT TEMHBIX 00JIaCTeH.
2. Teneps xoTM UMETH B Touke P /, =0 = r =r,, ra€ r — paauyC OTBEPCTHS
B DKpaHE.
As =0=1,=0.
3. Bonpoc 1. MoxHo i1 nosryuuts [, >41;?

OtBer. /la, ¢ MOMOIIBIO 30HHOW TUIACTUHKH, KOTOPas MEePEKPHIBACT, HAIIPUMED,
YCETHBIC 30HBI (MO)KHO NEPCKPLIBATH BMECTO YCTHBIX HCYETHLIC 3OHI)I).

Bompoc. Kakyro /. MOXHO IOIy4nTh?

Pemienue.
ITycte [, — MHTEHCUBHOCTD IaJaOLICH BOJIHBI,
i+l __ _ .
—= = p=0,95—- k03P PUIIMEHT YMEHbILICHUS aMIUTUTY bl C POCTOM HOMEPA 30HHI i.
i
Torma nns aMIIMTYZA OTKPBITBIX HEYETHBIX 30H UMEEM:
-1 i -1
A, =Ap" e ‘rie m=2n+1 (n=0,...).

2k b =1
A4, = A1Z P = , ( € T€OMETpUYECKast POrPECCHsl.
k=0 qg=p
S = b ] > =
1- l-p
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A : 2,421
AP= 12; iA—IIIO:AIZ—Oj
1-p My 8 4 &
Hy
2 2
[P:ﬁ /i:A—IH & __ 4, — =421,
2 Hy Z(I_P) Ho (1 ,0)
4. JIuckwu.
ayr=n—->I0,=1,— - ITapayokc 3akmo4aeTcst B TOM, 9TO B 00MacTH
./ TeOMETpHYECKOH TEHH BCErJa CyIIECTBYET
CBET.
0)r=r,>1,=1,—> S
| | )

3
5. OTKpBITBI Z KaXXI0U 30HBI + InepBas 30Ha.

g3 Ay 3,0
RN TARE P

)

4

I, = fé l,,tne A, —panuyc cupaii. —

6. MI3BecTHa HHTEHCUBHOCTD NaJatoIIeil BOIHbBI /, U MHTEHCUBHOCTb /, B TOYKE HAOJIIOAEHHA

P, naxopserics 3a SKpaHOM, MPECTABIISIONIEM COO0M CEKTOp ¢ yrioMm ¢ . Haiitu ¢ .

e ¢ o\ I ““/ A
Jrafrfy) =T

= A= A[l——j:] _I(l ——
2r

2
Ip 1 1 1 i
A 4 2 9 16
’ g Ait) | =
2 3 2

7. Ha my Ty TUI0CKOM BOJIHBI CTOMT CTEKJISSHHBIM IUCK € ITOKA3aTesIeM MPEIOMIIEHUS 1 U PaiiyCOM
R, mepexpbIBaIOMMA 17151 TOYKU HaOmoaeHus P montopsl nepBbie 30061 @penens. [Tpu kakoii TonmmHe

IucKa d MHTEHCUBHOCTH B TOUKE P OyaeT MakCUManbHOH / , — max?

Peienue.
A =(n—-1)d —ontuyeckas pa3HOCTh X074, BO3HUKAIOIIAs U3-32
2r
JIBUOKEHUS CBETA B CTEKJIE, & HE B BO3/yXe. 3anasasiBanue 1o paze o = 7A

MIPUBOAMT K BPAILIEHUIO MPOTHUB YaCOBOM CTPEJIKM BEKTOpa KOJIeOaHMI,
MIPUXOASILETO OT 30H, IEPEKPBITHIX CTEKISAHHBIM TUCKOM.

OT OTKpBITON YaCTH NPUXOAUT BEKTOP A;; .

Or 1,5 30H, ICPCKPBITHIX CTCKIIIHHBIM AUCKOM, IIPUXOAUT BEKTOP A[ .

38
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I, —max, ecmun A, T Aj;; = CTEKIIO IOIKHO MOBEPHYTH A, Ha yrom:
S
o= v +27mm, 20e m=12,...

(Crek0 MOXKET BpalllaTh BEKTOP aMIUIUTY/IbI A, TOJBKO NPOTHB YaCOBOW CTPEIIKHU. )

27Z-m+§ﬂ'=(n—l)2—7zd:>
4 A

A

5
dmax = _l{g +m | — momyuna, komopas coomeemcmeyem I . 6 mouke P.

Tpu otom 1, LB Sl a2y [ = 1,64242).
27V 2 Ho

3. Juppakuusa @peHessi 0T Kpasi HOJYIUIOCKOCTH M OT LIEJIH.
Cnupauas KopHro

1) PaccMOTpUM IJIOCKYIO BOJIHY, IEPEKPHITYIO SKPAHOM B BUJIE MOJTYTIOCKOCTH.
[lycte T. P — TOuka HaOMIOACHHS Ha DKpaHE

3
COBIIAJAIOIIEM C OCBIO X.
B aTOoM citydae 30HBI HE KpYTJble, a JINHEHUHBIE. - I
~N T 17
2

A Y N
= b+—m) —b>=bA-m: Vo ‘7
( 2 b \\\: /‘////b -%1
| Ve
Sm+l~xm+l_xm: VbA'(Vm—i_ _Vm)a \\i’(///// 3_2
P -

TO ecTb B JAHHOM CTydae C pPOCTOM HOMEpAa 30HB m | TUIOMAdh 30HBI yMEHBIIAETCS
1S:8,:8,:8,=1:0,41:032:0,27 = AMmiaTyza OT pasHbIX 30H CHaYana yOBIBAET OBICTPO, 3aTEM

MCIJICHHO, B OTJIMYHMEC OT KOJIBLECBbIX 30H, JJIsI KOTOPBIX aMILIMTYyIa Y6BIBa€T O4YCHb MCJICHHO C POCTOM
HOMCEpa 30HbI, TaAK KaK BCC KOJIbLLICBLIC 30HBI UMCIOT OJIMHAKOBLIC IJIOIIA/IH.

Ecau A=A, mo amo no cymu ceoeti 30nb1 Ppenens, Komopwvle 6 OAHHOM CLY4ae HA3bLEAIOMCSL
3ouamu Lllycmepa.

2) Cnupane Kopnro. \7 .
N <— TpaBble (HEIITPUXOBAHHBIE)
30HBI

JieBbIe (MTPUXOBAHHBIC)
30HBI —> 2 - ‘\Ao-ﬂi'h‘pl.n" Bech pponT BoHBL
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Cnupanv KopHuto 3adaemcs 6 napamempuieckom guoe:

2

dv

dn v’ v’

= = 1=t =tgld = 0= .
b 0 ac ¢ & 2
U:Ism—du dn =sin—dv
0 2 2

v 2
T
=|cos—du — o PU
9 _([ > d& =cos

Fpanuubl 30H coomeemcmeyont modkam cnupaiu, 6 KOmopbvlx KacamejlbHas

d 0’
K cnupanu napainenvia ocu &= M _y=g=

dg

=7-m, TO ecTb U’ =2m,

20e m — Homep 30mubl LLlycmepa.
Touku 1,2,-1,-2 — COOTBETCTBYIOT I'paHULIAM 30H.

x;=Abm _x. Ab 2
Tax kax | " = —-=— V=X, 30ecb X — paccmosnue 00 mouku naonooenus P
v, =2m v, 2 Ab

om cpanuybl zeomempuquKoﬁ MEeHU.

|1)| — OIUHA CRUPAIY OM HAYANA KOOPOUHAm 00 oanHou mouku. Ona onpedensem yeon 6 naxiona

0’

racamenvrou 6 =

3) Yem xopowa cnupans Kophio:
OHa Oaem 803MOINCHOCMb HAUMU UHMEHCUBHOCMb 8 I0D0U MOYKe X HA IKPAHe.

<— 3TO JIBUKEHUE — 3TO JABUKECHHE
COOTBETCTBYET TOMY, UTO COOTBETCTBYET TOMY, UTO
TOYKa P BbE3KACT 0] TO4YKa P JBUTaeTCsi BOPABO OT
MOJIYIIIOCKOCTb. Kpasi MOJIyIUIOCKOCTH.

S

NHTEHCUBHOCTB B TOUKE P MOYKHO NOJIYYHTh U3 crinpain OpeHens s nperpaasl, 3aKphIBaroIIeil
(pOHT BOJHBI C @ =7, TO €CTb NPU STOM BCE 30HBI HAMOJOBHHY 3aKPBITHI, CIIEJOBATENIbHO,

A
Ay = 70 — 1= TO = 70 — paccTosHue OT Hauaaa KOOpAMHAT Ha criupany KopHIo 110 HeHTpa BepXHei
CITHpAJIH.

4) Ecnu umeeM Iieb, TO 3TO JIBE MOTYIIIIOCKOCTH. 2 [ b

Jnst Touku P, nexaniei 0poTUB CepeaUHbI LIETN, Ha4ajlo U KOHEI] _—
PEe3YJIbTHUPYIOLIETO BEKTOpAa HAXOAATCS CHMMETPUYHO Ha CHOHUpaId

|
Kopsto. I
|
|
|
I

Jib

—b.

|
|
|
|
|
l
PP PP
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Ecmyn uis Touky P OTKPBITHI 1BE NIEPBBIX 30HBI,
TO 7Sl TOUKU P, 1 P, OTKPBITO 110 4, COOTBETCTBEHHO,

IPaBbIX M JIEBBIX 30HBI. Eciin TOYKa P, «3amoisna» Ha
"/ IIMPUHY NEPBOM 30HBI MOJ JIEBYIO MOJTYIUIOCKOCTb, TO
JUIsl HEe HayaJo BEKTOpA aMILIUTY b

COOTBETCTBYET Hadally BTOPOH MpaBoit
30HBI, @ KOHEI] — KOHILY JAEBSTOU 30HBI

:>I,,3 =0.

5) CoBmectum cimpans Openens u cnimpans KopHio U mocMoTpuM, Te Kakas Tudpaxius:

ro
PpayH m)\

6) Bonpoc 1. MoxHo i Habmoaath qudpakiuo OpeHens OT COTHEYHOTO CBeTa
mamemd d =0,5 mum ?
OtBet. HeT, Tak kak pajnyc KOr€peHTHOCTH COJIHEUHOTO CBETa O =0,05 mm.

Koe
COJIH
ceema

Bomnpoc 2. MoxHo nu Habmogath AUGPaKIHUIO OT COJTHEYHOrO CBETa Ha Kparo
JlyHsbI (BO BpEMsI COJIHEYHOTO 3aTMEHHUS)?
OtBet. 3aTpyJHUTEIHHO, TAK KaK IIUPHUHA TOJIOCH AU(PPAKINOHHON KapTHHBI

Ax~S, ~JbA =+/3,8-10°-0,5-10° =+/1,9-10> =14 .

4. Inppakuus @paynrodepa

1) Auppparyua Opayneoghepa — 0uqbpai<uuﬂ 6 NapaleIbHbIX JIYYaAX.

a=oo m—ﬁ(l+lj ,,02 _ro <<1, 10 ecTb ﬂ>>l
’ Ala b)) Abr=t Al s

rze 7, — paanyc OTBEPCTHS.

PaccmarpuBas mudpakuuo @Ppaynrodepa, Oyaem B
JanbHeWIIeM 0003HauaTh OYKBOM D IIMpPHHY IIENTW, a He
paccTosiHhe OT OTBEPCTHSI 10 TOUYKH HAOIIOACHHUS.
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Ilpu ¢@penenescroii Oougpaxyuu pasHocme X00a B03HUKALA 30 CHEm
HenapaiieibHoCmu yyell.

Hugpaxyus @payneoghepa obycnosnena pasnocmoio (hasz, CA3AHHOU C Y2IOM Y
naoenus: ceema Ha npezpaody u yenom ¢ naoeHusi ceema Ha HKPan.

U3-3a manoii ummencusnocmu ougpaxyus Ppayneogepa Habarooaemcs
Cc nomowppio coduparowel auH3bl, 6 3a0Hel (DOKANbHOU NIOCKOCIMU KOMOPOLU
pasmewjaemcs IKpau.

2) Bocnons3yemcs rpapu4eckMM METOJIOM HAaXOXJEHUS CyMMapHOU
aMIUIATYAbL Ay .

Pazo0beM mens Ha N OTpE3KOB paBHOM IUIONIAAN U OyJeM paccMaTpUBATh KaKIIbI OTPE30K KakK
CaMOCTOSITEIbHBI MCTOYHHK, KOTOPBIH HCITyCKAaeT BOJIHBI 10 BCEM HAIIPABJICHHUSM, B YAaCTHOCTH, B
HanpaBieHuHu @ (mox yriaoM ¢ ). Tak kak Iuiomaam BceX pacCMaTPUBaEMbIX UCTOYHUKOB OJIMHAKOBBI,

A
TO INPUXOJAAINHE OT KaXXKJI0I'0 U3 HUX KoJIeOaHus JOJIKHBI UMETh OJIMHAKOBYIO aMIINIUTY Y 5A1 = WO , TAC

A, — ammuTyna nagarommeit BoaHeL. [Ipu 3ToM BomHa 04, , MpUXOAAIIAs OT KaXIOTO MOCIETYIONIEro
HCTOYHHKA, Oy/IeT TIOBOPAYMBATHCSI OTHOCHTEIBHO BOJHBI 04, ; OT MPEIbIAyIIEero HCTOYHNUKA HA Yol

O, 3a CYeT JONOJHUTEILHOW pPa3sHOCTH XOAa A, YKa3aHHBIX BOJH OT MCTOYHHKOB K TOUKE

HAOJIIOEHUS.
OT coceHUX UCTOYHUKOB Pa3HOCTh X0/1a JIyden

b . :
A, =N(s1n;(—s1n¢) =

Paznocth (1)33 BOJIH, IPUXOAAIINX OT COCEAHNX HMCTOYHUKOB,

op, :%-%(sinz—sin(p).

(«—» Tak Kak yron @ <(0 B 1aHHOM ciTydae.)

N3 ABOC = 04, =2R- sin% =2R- sin{%(sin;{—sin q))}.

Bsenem 0003HaueHHE:

5—(plN =£= @(sin ¥ —sin@) — paznocms ¢haz 601H, NPUXOOAUUX OM

2 A
2panuybl wenu u ee cepeouHbl.
Teneps, paccmotpeB ABOD, mnoiaydnM aMIUIMTyny KojeOaHWi, NPHUXOIAMIMX B TOYKY
HAOII0ICHNS, PACTIONOKEHHYO O] YTJIOM HAOIIOICHUS ¢ :

¢
op, - N B oAsiné 1 siné y N siné
1 THPTS g — =4, —D_.

As =2Rsin =
%sml’sm 9)=¢ siné N siné siné g Vo

sin®

=15

— UHMEHCUBHOCMb 6 No4Ke Ha6]ll0a€HUﬂ, paCFZOJZODfC’eHHOIZ noo yeaom HabO00eHUs. Q.

3) Haiinem nonoxenus MakCUMyMOB, T depeHuupys Ay 1o &

A =0= sing =  Ecosé—siné=0=tgé =& — yenosue maxcumymos.

3
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Bomnpoc. Ckonbko ux?
Otser. Ipu b~ 10", 1~5-107" u = % ~10’, To ecTh MAKCHMYMOB MHOTO,

TaK KaK MHOI'O TOYCK IIEPECCCUCHMU.

hy  y=tgé |

|
|
i | y=¢
|

-3
—
2

pa|

Ycnosue MakcumyMma: £ =0 + & = §+ﬂm = %(Zm +1), m=%1,+2,43...
2D iny—sing)=F@m+1) =
A 2
sing,, =sin y— %(Zm +1) —ycrogue 0nst 6cex MaKCUMymo8, Kpome YeHmpaibHO20.

b .
[Tpu y =0 oOriee yncI0 MAKCUMYMOB OTPAaHUYEHO YCIOBUEM m < R Tak Kak sing<1.

4) Bompoc. ['0e pacnonazaemcst 2nagHuvliit MaKkCUMYM, eCiu céem naoaem Ha weib noo yeiom y?

Otsert. M300paXkeHHBI Ha PUCYHKE IJIaBHBII MaKCUMYM HaXOAUTCS MOJ YIJIOM @, = J¥.

5) Bomnpoc. Kax coomnocamcs unmencusnocmu 6 maxcumymax! 7

Omser. [, 1. =1,: go _h 2 = (1)2 3%,
! I max, I, 1 2
E = —ﬂ—b[sin¢ —sin y]= —L(sing—ﬁ—sinzj = 1‘3;
e A e A 2b 2
Ly Lo, Lo, ©+-=1:0045:0016 : 0008 : ..., mo ecmo unmencusrHocme
Ovicmpo yovigaem.
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6) VrioBas IipHHa MoJI0C onpeaensercs us pucyka rgé =& =

A
Venosas wiupuna yenmpanbHo2o Makcumyma AQ, g, = 23 6 06a pasa boavuie, yem OCMalbHbIX
A
Ap=—.
b
b, . . _ 443
Yenosue munumymos: 7(sm x-sime, )=7m-m, m=%1F2+3 .

Ilycmo y=0=sing,, = /?'Tm
A . 24
Tak kak @ Manbl AQ=—, a yenmpanbolii maxcumym A, = >

b

7) Jluneunas wupuna makcumyma:

Ax=1-Ap= % 02151 YeHMPanbHO20 MAKCUMYMA Axy = , 31ech [ — OKyCHOE pacCTOSIHUE

JIMH3BI, C IOMOLIbI0 KOTOPOI HabmogaeTcs U pakiys.
Ax, 24
—>=—>->>1, TO €CTh LIUPHHA MAKCUMyMa >> b .
b b
Ecnyn HaOmonaeM nudpakiuio HE Ha LIEIH, a HA TOHKOM O0OBbeKTe paauyca 7, (Hampumep, Ha
BOJIOCE), TO JIMHEHHas IIMpUHA LEHTPAIbHOTO  MaKCUMyMa Ih

. I,
Ax, = w = ﬂ =7 = ﬂ, TONIMHA 00BeKTa (BoJIoCa). )
b 0 Ax,

8) N3o6pazum kaptuny nudpaxiuu OpayHrodepa.

A -

R
% sin®

A
&

o)

9) Cyts nudpakmun Opayrrodepa «Ha maIblaxy».
KomnuectBo MmakcumymoB N =~ ompeaenseTcs TeM, CKOJIbKO pa3 Ha MIMPUHE ILIEIH

b
yKnaplBaeTcsi JuHa BonHel A: N, = (2m,, +1), 2dem < rE

Ecnu yoanamo sxpan om wenu, yeenuyueas T1, unu, ne usmenssn I, VYMEHbUams WUPUHy ujeau

Lb, 6yoem umemv nepexod om zeomempuuecxoii onmuxu k Ougppaxyuu @Ppenens, a 3amem
K ougppaxyuu Dpayneogepa, mo ecmv Kpumepuem 2eoMempuyecKou ONMUKU SGNISLeMCs YCIo8Uue

¥

b A
— <<l wm m>>1, ane A<<b, max xax ecnu npu smom umeem e mo 6yoem peanuzo8ana
0

ougparxyus Dpenens, a eciu ?<< 5 mo peanusyemcs ouppaxyusi Ppayneogepa, a He

2eomempuiecKkas OnmuKa.
S. IudpakumoHHas penierka
1) Paccmorpum mmbppakuuio ®paynropepa Ha cucteme uieneit (o 5-10%) u maiimem

WHTEHCUBHOCTHh B TMPOW3BOJILHOM TOYKE JKpaHa B 3aBUCHUMOCTH OT €€ TOJIOKEHUS Ha DJKpaHe
Y MHTEHCUBHOCTH IaJaroIlel BOJIHBI /|, .

Ilycte b — pasmep wenu, d — nepuoo ouppaxyuonnoil peutemxu.
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B naHHOM cityuae peanusyemcst COBOKYRHOCHb 08YX HPOYECCOB:
1. Jugppaxyus om ooHoul wenu

Slgz ¢, ; A, = 4, 5125 &= (sm;{ —sing).

2. Uumepgepenyus om pasnuunuix wenell TaeT CI0KEHHUE A1 ;» IOBEPHYTBIX JPYT OTHOCUTEIBHO

I, =1,

Jpyra Ha yroi @, , OnpeaeisieMblid ONTUYECKONH PA3HOCTBIO
X0/1a OT coceqHux meneit A = d(sin y —sing).
Pa3HOCTL (a3 BOJH, MPUXOAIINX OT COCSTHUX IIeTeH,

wd
0= T(sm X —sin@).= Baenem o0o3HaueHue:
o d
5= n= 7(sm X —sin @) — nonosuna pasnocmu ¢haz 60H,
NPUXOOAWUX OM COCEOHUX Wenell.
Haiinem cymMMapHyI0 aMILIUTY 1y KOJI€OaHul Ay , IPUXOJAIIUX B IPOM3BOJILHYIO TOUKY DKpaHa,

OT BCEX meneﬁ, BOCITIOJIb30BABIIUCH YK€ 3HAKOMBIM HaM METOJI0M rpacbnqecxoro CJIOKCHHA aMILIUTY I

A Q
2R=—"T_= N, 9
sin? ;«?/\
2 AN
A \
Az=2RsinN5= 4 -sinNé: ,Al -sin Nip = Rl “\ \\ L7
sin 2 sinpy :
2
: 2 : 2
_ 4, Sne sing singN A ==, szé:' sn.l 2N?7.
¢ sinpg ¢ sin’ 77

sin N
smAn OBICTPO OCHMJUTHUPYIOUTUI MHOKHUTEIb.
sin7]

2) Haiiiem mosioxeHue eHTPAIbHOTO TJIaBHOTO MaKCI/IMYMa. OH peanuzyercs sl yriia
HaOroeHus @ = ¥ . Beraucnum uaTeHcHBHOCTE [(Q = )) =

ueHmp
max

pmyo {00 ANANANRN

n=0 sinn=0 sinNnp=0

As =NA, =1 =N’I,, max Kax yewmpanbHwlil 2NAGHbIIL T

yenmp.
max

MAKCUMYM pACNONIONHCeH 8 MOoU mouxe, Kyoa om 6cex weneti npuxooam xonebanus 6 o0HOU ¢haze ¢
HYJLe8OIl PA3HOCMBIO X00A HE3AUCUMO Om A => Y6em YeHmpaibHO20 MAKCUMYMA Oeblil.
3) [nasHble 0OHOWeENC8bIE MUHUMYMbL — IMO MOYKU, 8 KOMOPble OM KANHCOOU Weau NPuxooum

Konebanue ¢ Hyneeou amniumyoou Z 0,=0.

b-(sin;{—sin(pminjzglm = %(sin;(—sin(pmm]:f:-m, m==1, £2, £3,..

ﬂﬂﬂ Z:() Sin¢min ://iTms m :ila iz» i3,

I nasnvie MUHUMYMbL PACNONIONHCEHbI OaNbUle 8ce2o Opye om Opyeaq.
4) [naenvie Makcumymvl —5mMo MOUYKU, 8 KOMOpble KOAeOAHUsI Om 8cex ujenell NpUxooam 6 00HOU

pase, 6 nux d(sin y —sin@) =mA .
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. Am
s y =0 sing = = <« cpeou Hux mocym Obimb 3anpeujerHvle 2AA8HbIMU (0OHOWENe8bIMU)
an

MUHUMymamu. Imo o3uadaem, 4mo KOJIeOaHUsi Om PA3HbIX wjeietl 8 dMu MOYKU Npuxoo0sam & 0OHOU
Gaze, HO 6 >mux Hmanpagnienusx om xaxcoou wenu npuxooum (. Taxum oOpa3oMm, TOJKHBI OBITH
BBIOPOILICHBI TOUKU 711 TaKHe, 4To:

Am  Am -
—~ = e —Sm= Zm < 2IMO 21a6HbIE MUHUMYMbL U OHU CUTbHEE 2NIABHBIX MAKCUMYMOS.

Kpome Toro, Tak kak sing,, <1=m

max

d
< 7 coomeemcmeyem nocieoHemy MaKkCumymy.

5) Jlononnumenvhvie MUHUMYMbL — MO MOYKU, 8 KOMOPble CUSHATbL OM PA3HBIX
weneu npuxooam 6 npomueogase.

7 Nd siny—sing,, |=7x-m; = Nd-|siny—sing, . |[=21-m,.

don don

Hna ¥y =0 sing,_. :%, m, #N, 2N, 3N,..., T1Ie M, — MAKCUMYMBbL.

don

Ckonbko 6yoem 0OnOIHUMENbHbIX MUHUMYMO8 MexcOy m, =N u m, =2N :

N\ N2 AN
e (N-1)

6) Meocdy OonorHUMenNbHbIMU ~MUHUMYMAMU — 8O3HUKAIOM  MANEHbKUEe OONOIHUMENbHbLE
MAKCUMYMBbL.
7) Ilopsiook nocmpoenus OuppaKyuoHHoU KapmuHsl 0m OUGPAKYUOHHOU PeUlemKu.

N+1 | 2.1\/'—]

IMycte y =0, %:2, 4memn = N =4.

I. LleHTpabHBIA MAKCUMYM TIOJ] YIJIOM ¢ = ¥ C MHTCHCHBHOCTBIO [, =N’I,.

enmp .
2. I'maBHBIC MHWHHUMYMbI B TOYKax sin(pzzm 10 06e CTOPOHBI OT HCHTPAJIBHOTO MAaKCHUMYyMa.

qepe:; OTHU TOYKHU CTPOUM ITYHKTUPOM ,ZII/I(i)paKHI/IOHHyIO KapTUHY 1JIA O}IHOﬁ e ¢ y4€ToM TOro, 4To
_ 2
Iuenmp. =N [O .

. A
3. I'maBHBIE MaKCUMyMbl B TOYKax sm(ngm . Ux wnanmocuMm Ha IMIYHKTUPHYIO JIMHUIO

I pakIMOHHON KapTUHBI, TOCTPOSHHON AJIS1 OTHOM IIIENH.

4. JlonoaHUTENbHbIE MUHUMYMBI OTMEYAEM Ha TOPU30HTATIBHOM OCH Ha PABHOM PACCTOSHUU JAPYT
ot apyra. Ux (N —1) mMexay KakIsIMH COCETHMMHU TJIaBHBIMA MaKCMMyMaMHu. B Hairem mpumepe
(N-1)=3.

5. Mexay NONOJIHUTENBHBIMM MHMHHUMYMAaMH pAaclOIOKEHbl MaJleHbKUE JOIOJHUTEIbHbIE
MaKCUMYMBI.

Bce maxcumymuvl Kpome yeHmpanbHo20 OKpauienvl, max Kak ux NnoaiodceHue Onpeoensemcs
Onunotl 60anbl (~ A), mo ecmo Guonemosvie Makcumymvl OIuxzCe K YeHMpY, a KpACHvie — O0aibule =
oughpakyuonnasn pewemka mMoxcen Ucnoib308amsvcs KAk OUCHEPCUOHHDBIL NPUOOP.

[Ipu 5TOM B TO BpeMsl KaK CTEKJIIHHAs MMPH3Ma CHJIbHEE BCErO OTKJIOHSET (hPUOJICTOBBIC JIYYH,
TU(pPaKIMOHHAS PELIETKa CUIIbHEE BCErO OTKIIOHSAET KPACHBIE JTyUH.
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\\
/
AR

|

|

|
_ _ | yi >
A A A A A oA A LAsin®
=2 % i b3 5% %

/

8) Kauecmeennvle 6onpochi.

Ecnu nonoBuHy 1ienei pemeTky nepekpoiTh C OJJHOTO Kpasi HEMPO3payHOM Mperpaioun,
KaK U3MEHSTCS IIPU ATOM:

a) MOJIOXKEHUS TJIaBHBIX AU(PPAKINOHHBIX MAKCUMYMOB?

— HHKaK, TaK Kak d = const;

0) BBICOTA LIEHTPAIBHBIX MAKCUMYMOB?

2
— YMEHBIIINUTCS ! B4 pasa, Tak Kak B 4 pa3a yMEeHbIIUTCS N !
B) IIMPHUHA ITIaBHBIX MAKCUMYMOB?

—yBemuauTes T B 2 pasa, Tak Kak JOMOIHATETGHEIX MEHAMYMOB CTaHET B 2 pa3a MEHBIIIE;
T') TUIOIIAb IO KpUBOM [ ?
— YMEHBIINTCS l B2 pa3a, Tak Kak B 2 pa3a yMEHBIIUTCS OTOK.

6. Iucnepcust 1 paspemialomas cuiia 1MQGpakuuOHHON pelIeTKU

. . . A
Ka)K)lI)H/I peaHBHBIPI UCTOYHHK O6Ha]:[aeT OHPCHCHCHHOI/I CTCIICHBIO MOHOXpOMaTI/IqHOCTI/I 5,
To ectb A€ [A—O0A; A+ IA].
M3MeHeHre UIMHBI BOJHBI HA OA JIO/DKHO IPUBOAUTH K M3MEHEHUIO |
HAIpaBJIeHus Ha MAKCUMYMEL. [TyCTh MMEET MECTO CIIEAYIOLIEE D I
2’ ﬁ ¢max 5¢ l
COOTBETCTBHE: = D=—" — yenosas oucnepcusi,
A+ > @, +0p Y} [
0@ — YIJNOBOE PACCTOSHUE MEXKAY CIEKTPAIbHBIMH JIMHUSMHU, '
I
OTJIMYAIOLIMMHUCS 110 JUIMHE BOJIHBI Ha OA. | m
[IpomuddepentiupyemM  COOTHOIICHHWE,  OMpENCNSIoNee  CoOoU g m, =
HOJIOKEHHE MAaKCUMYMOB JU(PPAKIIMOHHON KapTHHBI:
’
op  m m

: : mA m
{sm;{—sm(o:7} :>cosg0~5(0:35/1:> Dzﬁ_dcosq): — =.
d 1—(d—51nlj
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To ectp CyHIECTBYCT LECJIOC YUCIO m, TaKOC, YTO IJIsI HaHHOﬁ JJIMHBI BOJIHBI A KapTuHa
PpacIibIBacTCH.

st HeGonbLIuX yriioB cosp=1= D = %

To ectb 4eM Goublie 7, TEM Ha OONBIIMH yroi 0@ pPacXoAaTcs MAKCUMyMbI 71-TO TOPSIKA
UHTEP(YEPEHITHOHHBIX MTOJI0C, OTIMYAFOIIMXCS 10 JUTMHE BOJIHBI Ha OA .

EC/H B CIIEKTpe M3ITyYeHHs PUCYTCTBYIOT JIBE BOJHBI, OTIHYAIONIAecs Ha OA, TO Ha DKpaHe B

v m
M-M TIOPSIIKE CTIEKTPa STU JIMHHH OY/IyT OTCTOSTH APYT OT Apyra Ha O X=[f0@p= il E oA,

0 Xx
Benuuuna _5/1 =D,,,, nasvieaemes nuneiinoii oucnepcueti. V
- ’ -
Paspewaroweri  cunoti  npubopa Hazviearom  6e3pazMepHyIO . e |f

A
BEUYUHY R=E,L, 20e OA — munumansnas pasnocme OnuH 601H 08YX V V

CNEeKMPANbHbIX JUHUL, NPU KOMOPOU MU JUHUU S80CHPUHUMAIOMCSL
Pa30enbHo.

Hea Oauskux Maxcumyma S0CHPUHUMAIOMCS 2lA30M  PA30eIbHO 6 MOM Ciaydae, eciu
UHMEHCUBHOCTb 8 NPOMENCYMKe MeNHcOy Humu He npesocxooum 80% MaxcumManibHOU UHMEHCUBHOCMU
kaoicoou aunuu. Coznacno kpumepuio Panes, makoe coomnowenue uHmeHCUeHOCmen umeem Mecmo,
K020a cepeduna 00H020 MAKCUMYMA COBNAOAent C MUHUMYMOM OpPY202o.

™

HCPA3pCIICHHBIC IO KPUTCPUIO Paaes nuunu Pa3pCUICHHBIC

[Tono>xenue m-ro MakcuMyma Jyist A+
dsing, . =m-(A1+A);

Kpast m-ro MEHEMyMa s A : [

1
dsinp_. =|m+t— |4
wmln N .

A A
N3 kpurepust Panes @...= Poin :>m'5/1=ﬁ =>R=—=mN, 20e N — uucro wmpuxos

peuiemxu.
JudpakiimoHHble penieTku OBIBAIOT TPO3payHBIMU  — W3 |
cTekia (KBapua) WM OTpaxaTellbHbIMM — U3 MeTaia. Ha

OTpaXkaTeNbHYI0 peIIeTKy CBET IaJaeT HAKIOHHO, a peleTKa
JEMCTBYET TaK, Kak Ipo3payHasi ¢ nepuoaom d cosé .
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wmpuxoe

Jlyumme pemerku umerot ~ 1200 , TO €CTb d zO,SMKJM. O4eBUIHO, YTO HA TAKUX

MM
peHICTKax IMpyA HOPMAJIBbHOM MAaACHHUU CBCTA CICKTPbI BTOPOI'O HNOpsAAKa HE HaGHIO,Z[aIOTCSI, TaK KakK

4
mgz, 3aTO CIIEKTpHI MEPBOrO TOPSAAKA MUMEIOT BhICOKOE paspemenue npu N =2- 10 u f=2m

JUTMHA BUMMOTO crieKTpa nepsoro nopsaka > 700 i,

7. Pazpemamomas cuJjia 00beKTUBA

[lycte Ha Hempo3payHbll 3KpaH C OTBEpCTUEM %, TajgaeT IUIOocKas cBeTroBas BosiHA. [ist

NPOU3BOJIBHOM ToukH P nexalueil MPOTHB LEHTpa OTBEPCTHSA HA PacCTOSHWM [ OT Hero, Oyzer
pearn30BaHO OJTHO U3 CIEAYIOMUX MPUOTKEHHIA:

>>1 10;

2
m= % ~1 ougppakryus Ppenens ;

<<1 ougpparyua Opayneoghepa .

Hudpakius OpayHrodepa Ha sKpaHe, pacloI0KEHHOM B 3aJHel (OKaIbHOM MIOCKOCTH, UMEET

24

b

BH/J] CBETJIOTO IISITHA HA OP=— Dror pe3yabTaT ObUT NOTy4eH AN Ienu. JJIst KpyTriioro OTBepCTUs

A

: A
¢ quameTpoM d HMeeM dp=arcsin 1322; Afal’zzg'

Koaddunment 1,22, 00ycnoBieHHbIN HEOIMHAKOBOCTHIO BKJIA 1A IEHTPAIBHBIX M IEpU(EePHITHBIX
oOnacTeil OTBEpCTHUS, MPEACTABISIETCA YPE3MEPHBIM IEJAHTH3MOM, TaK Kak caM KpuTepuil Panes
MPUOITNKECHHBIN.

A

Kak BugHO 13 hopMyisl 5¢= 19222 , YTJI0BO# pa3Mep n300pakeHUsl He 3aBUCHUT OT PACCTOSIHUSA

MEXJIy OTBEPCTUEM U JIMH30H, CIIeI0BATENBHO, JINH3a MOKET OBITH TOMEIICHA B CAMO OTBEPCTHE.

Tak kak mo0ast To4ka rmpeodpa3yeTcsi B MATHO BCIEACTBUE BOJHOBOM IPHUPOJIBI CBETA, TO JIto0ast
camasi COBEpILICHHAs JIMH3a HE MOXKET AaTh HJICAIbHOTO ONITUYECKOT0 M300paxeHus. [Ipu aToM yriaoBoi
pa3Mep ITOro msTHa yObIBaeT ¢ pocToM d. J[Be Onm3kue TOUKH OyIyT pa3u4UMBl, €CIIU
YIJIOBOE PACCTOSIHUE O/ MEXIy HUMH Oyzer Ooinbiie 6@ (0w > o).

R :ﬁ — paspewiaowas cuna npubopa.
d
:m — paspewiaiowas cuia 06veKmuea 0 yOaleHHbIX NPeoMemos.
Huamerp 3pauka npu HOPMAaJIbHOM OCBEILEHHU =2Mm,
3
:1’22201,% =410, Wiw=2-10"pao=1", 10 ect» muHMMaTBHOE

’
YTJIOBOC PACCTOSAHHUEC MCXKAY TOUYKAMHU, IIPU KOTOPOM TIJla3 BOCIHPHUHHUMACT HUX PA3ACIBHO "‘1 .

’
PaccrosiHie MeXIy COCEIHUMHU CBETOYYBCTBHTEIBLHBIMH dIEMEHTaMU ceryatkd rimasa ~ 1. Omsare
MoJIHAasi rapMoHust!
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8. Iudpakuus penrreHosckux gyueil. @opmyaa Byasga - bparra.
MeToabl PEHTT€HOBCKOI0 AHAJIN3A

Bynem paccMaTtpuBaTh JUQpaKIUIO HA KPUCTAJUIMYECKOH penieTke. B ueM 0coOeHHOCTH 3TOro
npoliecca, TpeOyolue CreualbHOro pacCMOTPEHHS:

1. Kpucramn — tpexmepHas CTpykTypa. = Hazno oT paHee M3y4eHHOro HaMHM OJHOMEPHOTO
cllyyasi IepelTH K TPEXMEPHOMY CITy4arlo.

2. PaccrosiHue Mexay atomamu ~ 1A, a a8 BO3HUKHOBeHUS aubpakiuu A<d.=> s
BUJMMOTO CBETa KPUCTAII HE SBISETCS AU(PPAKIMOHHON pemieTkoi. J(udpaknus Ha Kpuctamie
HaOII0JaeTcs B PEHTT€HOBCKOM JTHAa30HEe YacToT.

3. Jlnst BOJIH PEHTT€HOBCKOI'O CIEKTpa OOBIYHBIE JIMH3bI YTPAauMBAIOT CBOIO COOMPAIOILYIO
1 pacCceMBaroIly 0 CIIOCOOHOCTb.

Bompoc. [Touemy?

OtBer. /I pEHTreHOBCKOTO W3IY4YEHHUsS IOKa3aTelb MPEIOMIICHUS BCEX
BEIIECTB 7 = |, Tak Kak BeIIeCTBAa HE yCIEBAIOT pearupoBaTh Ha 3JIEKTPOMATrHUTHBIE
MOJIS PEHTT€HOBCKUX BOJIH BCJIEACTBHE MX OYEHb OBICTPOTO M3MEHEHHUS C 4acTOTOMN

% =(10'°-10%") 1y =e=1.

PEHmMeen
B cBs31 C OTCYTCTBHEM JIMH3 115 HAOII0IeHHUS TU(PPAKIIIH PEHTT€HOBCKHX JTydeit
UCIIOJIb3YIOT OYEHb Y3KHE ITyYKd, KOTOpble U 0€3 JIMH3bI Jal0T Ha SKpaHe ISITHA OYeHb
MaJIbIX pa3MepoB, He TpeOys (POKYCHPOBKH.
[Ipexxae yem 3aHUMaThCS JUPPaKIUEN peHTTeHOBCKUX JIydel Ha
TpeXMepHOH AM(PaKIMOHHOW KPHCTAIUIMYECKOH peleTke, CHavajia
00CYyTUM JIBYMEPHBIN CITyqai:

3ameuanue. Jlyum 1 w1 me

|
|
' IpUHAUIeRKAT IUIocKOocTH pewmeTtku (1,2),

m_\

_ /2
5 MHOdTOMY ¢, + &, ;tz;tﬂl +5,.

Pemrerka | jaeT max B CJIEAYIONIMX HAMPABICHUAX TOJ yriamu [3:
d,(cosa, —cos B)=mA.

Perrerka 2 mact max non yriamu f3, :

d,(cosa, —cos 3,) =m,A.

DTO TOYHO Te K€ camble (POPMYIIbI, KOTOPBIE OBUIH MOyYSHBI HAMH JJIsI HAXOXKICHHS TIIaBHBIX
MaKCHUMYyMOB JUIsl OJHOMEPHON PEIIETKH, TOJBKO Sin 3aMEHEHBbl Ha COS, TaK KaK pPaHbIIE YTIJbI
OTCUUTBIBAINCH OT NEPIEHIUKYJIISIPA K PEILIETKE, a TENEPb — OT HAIIPABICHUS CAMUX PELIETOK.

[Ipu cynepnosunuu ITupakiMOHHBIX KapTHH peuieTok 1 u 2 Ha sKkpaHe OyJeT HaOaroaaTbes
cucTeMa MATeH (CBETNIBIX W TEMHBIX), KaKJI0€ U3 KOTOPBIX COOTBETCTBYET JBYM LIEIOYHCICHHBIM
uHIeKcaM (m,,m,).

Takas ke kapTuHa OyIeT, €cild BMECTO JABYX
/ pa3fenbHBIX pEIIeTOK B3ATh IPO3PAyHYI0 TUIACTUHKY
C HaHECEHHBIMH Ha Hell IBYMs CHCTEeMaMH LITPHXOB — TaKast

. . . CHCTEMa MPEACTABISIET CO00M ABYMEPHYIO MEPUOINUECKYIO

CTPYKTYDY.
. . . AHasiornyHass KapTMHa MOJyd4aercs OT Jo0on
/ NEpUOJNYECKOM  JIBYMEpPHOM  CHUCTEMBl  HEOOJBIINX

OTBEPCTUI WM IIAPUKOB.
CTpyKTypy KpHUCTaJUIa MOXKHO NPEJCTaBUTh KaK COBOKYHMHOCTh PaBHOOTCTOSIIUX JHHEWHBIX
[IEM0YEK aTOMOB, TO €CTh TPEXMEPHYIO TUPPAKIIUOHHYIO PELIETKY.

50



E.H. AkcenoBa [I'naBbl kypca Onruka

Judpakunio peHTTeHOBCKMX JIyded Ha KpUCTaule BHepBble yBumenun B. ®pumpux
u I1. KHunnuHr, skcrnepuMeHTaTopbl-noMoIHUKY M. Jlays, B ombITe, HOCTABIEHHOM I10 €0 MPOEKTY.
3to npouszonwuio B 1912 r.

VY cnoBUsL, KOTOPBIE MbI 3aMCATU JJI ABYMEPHOTO Cily4asi, B TPEXMEPHOM CITydyae UMEIOT BU/I:

d (cose; —cos ) =mA
d,(cosa, —cos f3,) =m,A, 20e m, =0x112.... Omo popmyner Jlays.
d,(cosa; —cos 3,) = m;A
Q,,0,,0, — yenbl, Komopwle nadarowdas 0IHA 06pazyem ¢ 0CIMU KpUCmaiia (KpUCmaiiuieckol
pewemxu); B, B,, B; — yenvl, komopuie ougpazupyrowas 601Ha 00pazyem ¢ 0CImMU KpUCMaid.
cos’ &, +cos’ a, +cos’ o, =1.
HHH HpHMoyFOHBHOﬁ CUCTEMBI TOJI?)KHO BBITIOJIHATHCA yc.HOBI/Ie:
cos’ B, +cos’ B, +cos’ B, =1 < 9TO 4eTBepTOE ypaBHEHHE B JOMONHEHUE K TpeM (OpMyJam
Jlay» = mosy4aeTcsi CHCTeMa M3 YeThIPEX YPaBHEHUI ¢ TpeMs HeU3BeCTHBIMU f3), 35, B;. DTa cucrema

MMEET pElIeHHE TOJBKO TPH HEKOTOPOM, BIIOJHE OMpEICICHHOM 3HaueHHH A. 3Has A W yribl
B..5, ., MOXKHO OmpeneianTh MEPUOABl  KPHCTAUIMYECKOH  pelieTkn. B 3ToM  CcyTh

PEHTTEHOCTPYKTYpPHOTO aHaJIN3a.

YpaBuenus Jlays cOBMECTHBI TOJIBKO MIPH yCIOBHH:

m m m
2(—tcosa, + d—zcosa2 + d—%os%)

A=—" - : < 3TO yCJOBHE OJJHO3HAYHO ONPEIEISIET [UIHHY BOJIHBI
Mo My My
(?) +( J ) +(di)
1 2 3
A, IpU KOTOPOW MOKET MOTYYUThCS AU(GPAKIHOHHBI MaKCHMyM C LENBIMH YHCIAMH M, 1, 1,
U yTIaMd &, 0, 0.y .
Nmest puUKCHPOBaHHYIO IJIMHY BOJHBI A (MOHOXpOMATHYECKOTO W3JIyYCHHsI), BapbHPYIOT
a,,0., ,0; , TOBOPAYMBAsi KPUCTAIT OTHOCHTEINIBHO IydKa U J0OMBAsICh MONYYCHHsT MakcuMyMa. Torza

0 9KCTIEPUMEHTAIBHBIM 3HaYeHusM f,,[,,[3;, Haxomsr d,,d,,d, u3 popmyn Jlays.

[lomyuynm  aHanMTUYECKH  pe3yJbTaT  JCUCTBUS ~ HECKOJNBKHX  OTPAXAlOMIUX  CJIOEB
KPUCTAJUTHYECKON PEIIETKH.

[IpoBenem uepe3 y37bl KPUCTAIUIMUECKOW PENIETKH MapaulesibHbIe PaBHOOTCTOAIIUE IPYT OT
JpyTa Ha paccTosTHUE d TUIOCKOCTH

\/ 2dsin@=mA, m==*112 — popmyna bpseea — Bynvgha.
NS
d =

) @opmynsl Jlays u bparra — Bynesda maror
) ' OJTMHAKOBBIN pe3yIIbTaT.

Hupparkyus penmeeHo8CKUX Jyyel OmM KPUCMALLO8 UMEIOM 08d OCHOBHbLIX
NPUMEHEHUA.
1. HccnemoBaHusi CHEKTPAJIbHOTO COCTaBa PEHTTEHOBCKOIO U3IYYEHUS —

penmeenosckas cnekmpockonus. OIpenensisi HalpaBI€HUS Ha MaKCUMYyMbl IpU
nudpakuy UcciIeryeMoro U3MydeHUs] Ha KpUCTaIaX ¢ U3BECTHOM CTPYKTYPOil, MOKHO (B
BBIUUCIIATH JJIMHBI BOJH M3yueHus A .

2. H3ydyeHuwe CTPYKTypbl KpHUCTAUIOB — peHmeeHoCmpyKmypHuitl —aunanuz. OO0mydas
MOHOXPOMATHYECKHM H3TYYCHHUEM C M3BECTHOM AJTMHOW BOJHBI MOHO- HWJIM TOJHKPUCTAI, CHUMAIOT
PEHTTEHOTpaMMy, IO KOTOPO# BIOCJEICTBUH BBIYHUCISIOT MTAPaAMETPhl KPUCTANTNIECKON CTPYKTYPBHI.
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I'nasa V. llonsipusanus cBera

1. EcTecTBeHHBIH U NOJIAPU30BAHHBIN cBeT. YaCTHYHO NOJISIPU30BAHHBIN CBeET.
Crenens noasipuzauuu. 3akod Mamroca

Ionapuzoseannou Hasvieaemcs 6onaHa (ceem), 6 KOMOpou noeedenue eekmopa E  xax-mo
VNOPSIOOYEHO.

Ecmu JABC 3JICKTPOMArdUTHBIC BOJIHBI C HAIIPSXKCHHOCTAMUA El nu EZ PacpoCTpaHsArOTCsa B OJTHOM
HANpaBJIeHAHN BIOIb OCH Z B M30TPOITHOM U He3apsukeHHO# cpene, To E,, E, € (x,y):

E =é E, cos(ax —kz + a,(1));

E, =€ E,, cos(ax —kz + o, (1)).

Hanuuue 3aBucumocTy oT BpeMeHu ¢, (¢) u ¢, (t) 03Ha4aeT HEMOHOXPOMAaTUYHOCTb BOJIH.

Ecmu o, = const, o, = const, T0 06€ BOJIHbI — MOHOXPOMATHYECKUE U JIMHEHHO MOIIPU30BaHHbIE.
PaccmoTpuM cyneprno3uiiMio UMEHHO TaKMX BOJH M OMPEACTUM BHJ TOJSIPU3AIUN PE3YIbTUPYIOIICH
BOJTHBI Ez.

a) Dnnunmuyeckas norApu3auUs peanu3yemcs 60 6cex Cayuasx, Kpome
E) =E,),

e :
o, — o, =—+mm, m—yenoe
2

2. a,—ao, =mm.
6) HOﬂﬂpuffauuﬂ no Kpyey umeem mecmao, ecjiu
Ey =Ey

r :
o, -0, =—+7mm
2

6) Jlunelinas noaspuzayus umeem mecmo, eciu
1. E, =0

2. Ey, =0

3. o —a, =7mn.

Ecmm Ej, =E,, Ho a,—a, =a(t), Torga UMEEM Cllydyal C DJUIMIITUYECKON IOJIApU3alUeH,

M3MEHSIONIeCS BO BpeMEHH, TaK Kak (asza GuykTyupyer. ITo ecTecTBEeHHBIN cBeT. OH m300paxkaercs

TaK /

Ecin ner oceBoit cummerpu, T0 E, = E, + AE,,, Toraa 9[@ + l - *
EZ = E,[e, cos(ax —kz + & (1)) + e, cos(ax — kz + o, (1)) + AE e, cos(af —kz+ o4 (1)) — omo  cymma

ecmecmeenHno20 c8ema U JUHEUHO noJsIpu306aHHOcO ceema npedcmaeﬂﬂem coboti Yacmu4dHo
I’lOJZ}ZpLL?O@aHHblIJ ceemni.

Obwee onpedenenue cmeneHu NOIAPUIAYUL.:

P _ ]norlﬂpw

1

noaspus + ecmecme

[Ipu »TOM, BOOOIIE TOBOpPS, MOJSAPU3OBAHHBIN CBET MOXET HMMETh JIIOOYIO MOJSPU3ALUIO:
JIMHENHYI0, KPYTOBYIO MJIU 3JUITMITHYECKYIO.

52



E.H. AkcenoBa [I'nmaBbl kypca OnTuka

Ecnm Ha myTH Takoro cBeTa, BKIIFOYAIONMIETO B ¢€0s1 €CTECTBEHHBIN W JIMHEHHO TOJISIPU30BAHHBIN
CBET, IIOCTaBUTh MOJSAPU3ATOP, TO B 3aBUCUMOCTU OT €r0 OpPHEHTAIMM OyJeT MOJydaTbCs CBET C
WHTEHCUBHOCTbIO [ € [[ . , 1

CHauvana BBISICHUM, 4TO OyJET, €CJIM Ha MOJSpU3aTop P majgaet TUHEHHO MOJISPU30BaHHBINA CBET
C aMIUIATYI0M E(. ¢ — yroa MexIy HamnpaBICHHAMH IOJAPU3ALUHN B MaJaroIleh

min * max] .

|
BONHE M mnoyisipusaropoM. [lomspusarop P mpomyckaer CBET C aMIUIMTYIOU P, E, P

E,cosp=
I =1,cos’ ¢ —smo 3axon Manoca.

Ecim nHa nmomspusarop P  mamaeT eCTECTBEHHBI CBET C HMHTEHCHBHOCTBIO [,

= _ _ E, E;
Ey =E\[e, cos(a¥ —kz+ (1)) +e, cos(ax —kz + &, (1))], npu sTOM /) = (— )
My 2
Ha Beixome mocne monspuzatopa P OCTaHETCS OJHA W3 KOMIIOHEHT Ez, JOIYCTHM
h I
E =S<EL >=Vt= ] = ?O, TakuM 00pa3oM, Ha BBIXOJC MOJSIPU3ATOPA HWHTEHCHBHOCTH

€CTECTBEHHOT'O CBETA B JIBA Pa3a MEHBIIIE.
Tenepb pazdepemMcs ¢ YaCTUYHO MOJISIPU30BAHHBIM CBETOM.
Bonpoc 1. Yemy paBHa /. , ocie TOro Kak 4aCTHYHO MOJSPU30BaHHBIN CBET
HPOMIET MOASApU3aTop P | ¥ NpH KaKOd OpUeHTAlMM P BO3HHKAET 9TOT MUHUMYM?
Otset. Kora nonsipuzatop NeprneHAUKYJISIPEH TMOJISPU30BAHHOM KOMIIOHEHTE

PLI, 10l =

Bomnpoc 2. Korna Bo3HukaeT Makcumym?

Orser. Korma P|| 1, =1, =1, +1—2".

1
[ =1c _
o 2 ]e_2lmin
I =7 +£ In :[max _[min

max n 2

1

To ecrts, 3nas [, [, , MOXKHO y3HaTb, KakoBa OblIa CTENEHb INOJAPH3ALUU CBETa 0O

max ?

nonsipuszaropa P.=
Cmenenb noasipusayuu 018 CYMMbl eCIecmeeHH020 U JUHEeNUHO NONAPU30BAHHO20 c8ema umeem
1

6uo: P =-D%__Mn ¢ monpko 0N ecmecmeenno2o + IuHeliHo NoIAPU06aAHHO20 CEEMd.

Lo+ 10

2. /IBoiiHOE JIyUenpeaoMJIeHHe B OTHOOCHBIX KPUCTAJLJIAX.
ILi1ockne MOHOXpOMATHUYECKHE BOJIHBI B OJJTHOOCHBIX KPHCTAJLIIAX

1. K yeMy NpuBOAWT aHWU30TPONHUS TUDJICKTPUYECKUX CBOWCTB (ypaBHeHHMs MakcBemia s
aHU30TPOIIHOW cpenbl)?

B HM30TPOMHEIX CpefiaX, KOTOPhIE MBI PACCMATPUBANIH 10 CUX HOp, D = £y &k = D"E .
Ecnu cpena annsorponnast, 10 D, = £ E,5E 5, T €,5 — CAMMETPHYHBINA TEH30p BTOPOIO paHra.

s npospaunoco kpucmaina €,; = Eg, (3TO CHEAYET U3 3aKOHA COXpaHEHWs SHeprun i Il

Hayaja TEpPMOJAMHAMUKN).
Onmuuecku npospaunas cpeda = Henpogoosawas cpeoa.
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CuMMeTpUYHBII TEH30p MOKET OBITh MPUBECH MPH COOTBETCTBYIOIIEM BHIOOPE OCEH K BUIY:
£ 0 O g 0 0

XX

0 ¢, 0]=0 & 0], ecm g #¢,# &, TOITO ABYOCHBIA KPUCTAILIL.

0 0 ¢ 0 0 g

zz

Ecu & =&, =€ # £ =€), Mo 2mo 0OOHOOCHVIIL KPUCTALL.

BBISICHUM B3aHMHYIO OpHMEHTAIMIO BekTopoB E,D,H B TIOCKO# BoJHe, pacrpocTpaHsiomeiics
B IIPO3PAvHOIi, HO aHU30TPOIHOII cpene.

Ecnu cpena npospauyHas (HENpoBOAALIas) U OJHOPOJHASA, TO B HEW MOXKET PacHpOCTPaHATHCS
IUIOCKasi MOHOXPOMATUYECKas BOJIHA, UMEIOLIAsl CIIEAYOIINE KOMIIOHEHTHI MOJIS:

o (k).
E=Ee"“™";
7 _ i i),
H=Hyge""™";
D = D,e' ™.

Hanoxxum ycnoBusi Ha paccMaTpHBAaeMyIO CpPeIy, MOJyYUB COOTBETCTBYIOILIME MaTepHabHbIE
YpaBHEHHUSI.
Cpeoa: 1) nenposoosawas o =0= j=0;
2) nesapsoicennas p =0;
3) Hemaenumnas [ =1;
4) oonopoonas;

5) cywecmeyem anuzomponus OusieKmpuueckou npoOHUYAeMoCmu.
st Takoit cpenpl cuctemMa ypaBHEHU MakcBeia umeeT BUA:

( roth—%—f = rotE = —ﬂoﬂa— 1)

rotH = 9D (2)
ot

A

divH =0 (3)
| divD =0 (4)

J — OTPUIAIONTUE YCIOBHS (HET TOUCYHBIX HCTOYHUKOB mojiet D u B).

2. AHamu3 B3aMMHOHN opWeHTanuu BektopoB  FE, D, B, H, k B IUIOCKOH BOJIHE,

pacIpoCcTpaHsIOUIeHCs B OIHOOCHOM KpHCTaJLIE.
1) Tak kaxk cpema HemaruutHas i =1 ,divH =0=—i(kH),Tom (3) = H| B Lk

Tax kak divD =0=—i(kD), Tous (4) = D L k. Tj
—i[kE] = —ip,H _ [kE]= u,0H (1)
—i[kH]=iwD [kH]=-wD (2) ¥

U3 ypaprenns (2) = D L H = To eCTb 6 aHu30mMponHOM Kpucmanne
nnockas éonna nonepeuna omnocumensio D, k, H: D 1k 1 H,B.

U3 ypasuenus (1) = E L H, Ee naockocmu (D, k), Ho, Boobue roeopsi, u3 (1)
HE CIIEAYET, 4TO Elk.

2) BIsICHEM, KaK HATpaBiIeH £ OTHOCHTEIBHO D .

Kak MsI yeranoBunn, E € niockocmu (D, k).

U3 ypaBHeHHﬁ (1) + (2) cnenyer:

={kH]=—[ ‘[EE]] L ——{k(kE) E- k%) ——{E k* —k(kE)} =
bre Uy H@ Hyw

54



E.H. AkcenoBa [I'nmaBbl kypca Onruka

| - D & - -
v {E-k2—k(kE)}:>€—=E{E-k2—k(kE)}.
0 0

D=

To ectb BekTOp E, BOOOIIIE TOBOPS, HE MapaieneH D .

3. CuenctBre W3 HemapauienbHOCTH F 1 D.

=
mj

S =[EH] He mapajmieleH BOJTHOBOMY BEKTOPY k = TaKHM 06pa3oM,

HAIPABJICHUE PACIPOCTPAHEHUS] SHEPIMHM M, COOTBETCTBEHHO, HanpasieHue
Jyuell 8 AHU30MPONHLIX KPUCIMALLAX MOJICEm He CO8nadams ¢ NEPIEeHIUKYIIpOM
K BOJIHOBBIM TOBEPXHOCTSIM M, COOTBETCTBEHHO, C HANPABLEHUEM OBUNCEHUS —
8071H08020 pponma. K

To ecTb 6 anuzomponnom Kpucmanie 1eKmpoMazHUmuble G0aHbl, 000Uje H
2060ps1, He nonepeunvie, a Kocole.

i

4. Onpenenenue n(6).

[TompoOyem pa3oOparbcsi B TOM, KaKk M IOYEMy Tak IMojydaeTcs. B mampHeitmem Oyaem
paccMaTpUBaTh TOJIBKO 0OHOOCHbIE KPUCMAILTbL C AHU3OMPONHOL OUITIEKMPULECKOU NPOHUYAEMOCIbIO
£, =E =€ #E=E,

OnHOOCHBIE KpHCTaUIbl 0074 al0T MPOCTEHIIMMU ONTHYECKUMHU CBOMCTBAMHM AaHU30TPOITHBIX
Cpel U UMEIOT 00JIBIIOE MPAKTUYECKOE 3HAUEHUE.
HampaBuM ocep z Hameld cHCTeMbl BIOJb BBIIEJICHHOTO HANpaBIICHUS, HMEIOIIETO

JIDJIEKTPHYECKYIO IPOHMIAEMOCTD €. [1yCTh B ONHOPOIHON € €, = const, £ = const , HE3aAPHKEHHON
P, =0, npo3paunoii j =0, HEMarHUTHOM K =1 cpele pacpOCTPAHAETCS IIOCKAs BOJIHA C BOJTHOBBIM
BEKTOPOM & . PasBepHeM OCH X M y OTHOCHTENBHO OCH z TaK, YTOOBI B Halleil CHCTEMe KOOPIMHAT
BOJIHOBOI1 BEKTOp MMEII CIeIyIomue KoMnonentsl k (k. ,0,k.).

Torma D = DH +D, =D, +D_,npuaem D, =£,£,E, u D_ = &€ L.,

E=E+E =E +E..

Hcronb3yeM MoydeHHOE BBIIIE ypaBHeHHe Ui D :

2
Lp =S _{E-k* —k(KE)}.
& @

|
“0 __ | z-0Cb KpMcCTanna

HpI/IBeI[CM 39TO BeKTOpHOC ypaBHeHHe K HOKOMHOHCHTHOMY BI/II[y:
1 2
=D, = (R +KP)E. k. (k E, + k.E.)} = £ E. =
£ @
cZ

2
&E. = {K’E. +kE, ~k k.E, ~k’E.} = (K’E. -k k.E,) =
(0] [0 ’
<
wz
1 c?

—Dx = _2{(kx2 + kzz)Ex - kx(kxEx + szz)} = EJ-EX =
& w

gHEz = (kaz - kxszx) (1,)

2

gJ_Ex =%(kzzEv _kxszz) (2,)

1 02 2 ’,
gDy:Ek Ey:(C,‘lEy (3)
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[lepenumieM Tenepp MNOIYYEHHYK) CHCTEMY YPABHEHMM JUII KOMIIOHEHT HalpsyKEHHOCTH
AIEKTPUUECKOTO MOJIA.

2
_C ;2
glEy_Ek Ey (3)
2

e, E =S (K’E -k k.E.) (2)
[0}

2

2
@

C
OHpe}ICHI/IM IMOKa3aTeJjib NPCJIOMIICHUA n=—.
v
2

)
U3(3) =&, =—k —=n =,/¢,.
[

E, npedcmasnsem coboii nonspusayuio, nepneHOUKYIAPHYIO OCU KPUCMALLA U HANPAGIEHUIO
pacnpocmpanenus 60anbl. JIyu ¢ maxoil noaapusayuel nazvleaemcsi 00biknogennviM. E2o nokazamens
npenomMienus ny =./€, He 3agucum om coomuoutenus k_u k_, a gpazoeas ckopocmoe e 3asucum om

c c
HAanpasneHus pacnpocmpanenus V, =0, = — = ———= = const(0).

n, €,
Ocs z — oCchb KpHUCTAILIA.
6 — yroa MexIy OChbIO0 KPHCTAJlIa M BOJIHOBBIM BEKTOPOM.

Paccmotpum Teneps aBa apyrux ypaBaenus (1) + (2):
2 2

¢’ ., c
—& +sz Ex :Ekxszz
, ) ¢ TIEPEMHOKHM 3TH YPaBHEHHS M BBEIeM 0003HAUECHUS:
¢, c
Fkx —E'H Ez __2kxszx

k.=k-cos@, k. =k-sinf =

2 2 4
c c . . c
—k*cos’@—¢, | —k’sin*@—¢ |[E.E =k'sin’@-cos’0-E_E,—.
() @

C C Cz 2
IToncraBum @ = kv, =—k, T0 eCTb U, = — (WK, APYTMMH CJIOBaMH, 0003HaYUM — &k~ =n,),
n n @

e e
(n?cos*@—¢,)(n’sin® O — g)= n!'sin’ @cos’ @ =

4 o+ 2 2 2 2 2 .2 4 : 2 2
n, sin” @cos” 0 —n,g cos” @ —€ n;sin” 0+ g€ =n, sin” Hcos” 6.

_ €.8

n,= 5 — —  9mo  nokasameib — NpelOMIEHUs
gcos"O+¢ sin" 0

HeOoObIKHOBEHHOU B60JIHbl, OH 3aeucum om HAanpaeleHus pacnpocmpanenus
HeOObIKHOBECHHOU BOJIHbL u, C]le()OGClme]leO, eé ¢a30661}2 CKopocmb U, moowce

3a6ucum om HanpaeieHus pacnpoCmpaHeHus.
Bexmop nonspuszayuu neobvixnogennoii 6onnvl aexcum 6 naockocmu (k,z).

30ecv @ — yeon medxncdy ocvlo Kpucmanna u 601HO8bIM 6eKmMopom k..
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5. PaccMoTpuM YacTHbIE cilyyad PacopoOCTPaHEHHs BOJIH B OJAHOOCHBIX KPUCTa/uIaXx U oOmiue
ONIPE/ICTICHHUS.
1) Ilycte BomHa pacmpocTpaHseTcss BAONb OCH Kpucrtaia 6=0= n, =& =n,

TakuMm 00pazoM, eciu 601HA PACHPOCMPAHAEMCA 8001b OCU OOHOOCHO20 KPUCMALIA, MO
O0ObIKHOBEHHBIU U HEOObIKHOBEHHBIU JIyYU UMEOM OOUHAKOBYI0 CKOPOCMb U UOVI He PA30essich.
[TosToMy ocb Kpucmanna, onpedenenHas HaAMu KAk HANpasieHue MAaKCUMATbHOU aHUZ0MPONUU
OUINIEKMPUYECKUX CBOLICNE, HA3bIBACMC S ONMUYECKOU 0CbI0 KPUCIATLIA.

WTak: onmuueckoti 0colo Kpucmaiia Hazvleaemcs Hanpasienue, 800Jb KOMopo2o 00bIKHOBEHHbLe
U He0ObIKHOBEHHbIE JIyYU PACNPOCMPAHSIONICI ¢ 0OUHAKOBOU CKOPOCTbIO.

T c
2) Ilycts yron 9:53 n,=.\&=n=0=0,=—F.
é
B aToM citydae ckopocTi OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTO JTy4el pa3iiHyaroTcs.

Ecnu v, <V,, mo Kpucmaii I’lOJZODfCumejleblﬂ, TO €CTb 6 RNOJOHCUMETIbHOM

Kpucmaiie 8H > £,.

— KBapil.

Ecau v, >V,, mo Kpucmalui ompuuameﬂbnblﬁ, TO €CTb 6 ompuyameibHoM

Kpucmaiie SH < SJ_.

— WCJIAHJICKUH IIIIaT.

ITnockocmb, npoxooswas yepe3 ONMuUYecKyio 0cb KDUCIANLA U HOPMATL k K (poHmy eonHb,
HA3b18AeMCs 2NAGHBIM CeYeHUueM KPUCmaid.

I naenoe ceuenue = cemenicmeo napaiieibHbix nN10CKOCmell.

Torma MOKHO OTpeAeTUTh OOBIKHOBEHHBIE U HEOOBIKHOBEHHBIE JTyUH CIIEAYIOUIIM 00pa3oM.

OObIKHOBEHHBIM ABNIAEMCA VY, V) KOMOPO20 8eKMOP NOJAPU3AYUU NEPNEHOUK)IAPEH 2IAGHOMY
ceueHuio Kpucmania.

Heobviknosennvim Hazvieaemes ayy, y KOmopo2o 6eKmop NOApuU3ayuu napaniener 2iasHoMy
ceqenuIo Kpucmaaiia.

B obwem cnyuae 6onma, npoHuKaowdas 6 aHU30MpPONHLLUL KPUCMALL U3 USOMPONHOU Cpeobl,
pazoensiemcsi 6Hympu KpUCmMaiila Ha 08e JUHEUHO NOJAPUIOBAHHLIX BOJIHbl, PACNPOCMPAHAIOUUECS

C C
6 061/146.71/1 cydae 6 pasjiudHoblX HAnpaeilerHusx u ¢ pasnHbimu CKOpoCmAmMu UO =—Uu Ue =—.
n n
0 e

6. 3aK0H NIPEIOMIIEHUS].
3axon npenomnenus npumeHuM KaK K OObIKHOBEHHbIM, MAK U K HEOObIKHOBEHHbIM BOJIHAM, HO

OMHOCUMCA K 60JIHOBbIM HOPMAJAM kO u ke, a He K JIyuam.

sin@ =n,sin@
LT 0 6 - 0 0, .0, — 0
, 20e 6, — yeon nadenusi, 6, 6, — yenvl melcoy HOpMANLIO K NOBEPXHOCMU U

e

sing, =n,sin6,

60JIHOBbIMU 6EKMOpAMU kO u ke coomeemcni6eHHO.

. g€,

2 c 2 ?
gcos"@+¢g sin" 0
31ech 6 — yroyl MeXIy OChIO KPHCTAJIa M BOJIHOBBIM BEKTOPOM K.
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HOJ’Iy‘-II/IM 3aKOH IPCIOMJICHUA HEOOBIKHOBEHHOTI'O Jyda I 4aCTHOro cCiiydas napaljICJIbHOCTH
OCH KpucTaJljia €Tro MOBCPXHOCTHU.

Tenepb paccMOTPUM IJIACTUHKY, BBIPEC3aHHYO ITAPpaAJUICIIBHO ONTUYECKOM OCH.

/4
B atom citydae 6 = o 6, =

g€, sind, /€€,

sing, =

sin@, =

© Jet(g —e)sin®6, 6

z
g cos{ -6, j+ £, cos’ 6,
2 e e

Bo3Benem B kBajpar HoydyeHHOE YpaBHEHHE U HalaeM sin 6, : 0

sin” @,[&, + (¢ — &, )sin’ 0, 1= sin” 0,6 =

sin” 6, [e,€ + (&, —&‘”)sin2 6,]=sin’fe, =

€

sin@, =siné, 3aKOH NPEeNOMAEHUsS. 60JIHOB020

s 2
g€, +(g, —¢)sin” G,
eexkmopa ke HeOObIKHOBEHHOU BOJIHbI HA noeepxHocmu 00HOOCH020 Kpucmaiia,

napanieibHou ONMmu4ecKou OCHu.
[IpoBepuM TMONy4YeHHBIA pe3yJabTaT JUIsi YaCTHOTO CiIy4yash OTCYTCTBUS

. . sin@
AHU30TPONHMH JUAJIEKTPUYECKHX CBOCTB. [lpn £ =¢ = € sinf, = T‘, TO €CTh
£

HMECM 3aKOH IMPCIIOMJICHHUA J'Iyqeﬁ Ha I'paHUC U30TPOIMHBIX CPE.
Tenepb 3HaCM A0CTAaTO4HO, YTOOBI CTPOUTH XOU OOBIKHOBEHHBIX M HEOOBIKHOBEHHBIX Hy‘leﬁ
B OTHOOCHOBHBIX KpHCTALJIaX.

7. CrocoOBI HOCTPOEHHS X014 OOBLIKHOBEHHBIX M HEOOBIKHOBEHHBIX JIVUEH.
1 cnocob: u3 3axkona nperomieHus.
PaccMoTpum  koHKpeTHBI mpuMep. IlycTh omnTudeckas oOCh MapajuieibHa IOBEPXHOCTH

T N
KpucTaia, g, = 2 ,E| =2, g = 4, TO €CTh KPUCTAIUT — IOJOKUTEIBHBIN D .

sin 6, =l:>02 _z

e 2%

Paccuuraem yro:x npenomieHusi HEOOBIKHOBEHHOTO Jyya:

J1st OOBIKHOBEHHOTO JIyya sin 6, =

V2
sing/&, 7\5

. 1
sing, = — = =
\/8“8L+(8l—€‘|)sm 6, \/2.44_(2_4)_; J7

3

—_— T -~ TO ¢CTb B JAaHHOM CJIy4ac BOJIHOBOM BCKTOp HEOOBIKHOBEHHOMH

- — T
,E'2 BOJIHBI ke MMPEIOMIIACTCA CUJIBHEC, a BEKTOP IINIOTHOCTH IIOTOKA
R» HHEPruM HEOOBIKHOBEHHOM BOJHBI S, JOIKEH B JAHHOM CiIydae
0

OTKJIOHUTBCS OT OOBIKHOBEHHOI'O Jy4a B JIPYTYIO CTOPOHY. JTO
OOBSICHSICTCS TEM, YTO B ATOM HANpaBICHUU Yy HEOOBIKHOBEHHOTO
Jy4a CKOPOCTh OOJIbIIIE, YeM B HAMPABIICHUH, OTIPEACISIEMOM 3aKOHOM MPEIOMIICHUS] TE€OMETPHUYECKOM
ONTHKH.
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1 cnocob: u3 ananusa epanuyHbIX YCaosuiL.
E,=F,,, D, =D,, < Tak KaK HET CTOPOHHETO 3aps/ia Ha TPAHULIE Pa3Jena CPe.

OOBIKHOBEHHBIH JIyd HE MHTEPECEH, TaK KaK ero MnoBeeHue noguuHsercsa 3akoHam 'O u He
BoisbiBaeT comuernit: £, 1T D, L ky; sin6, = n,sin 0,

JUi1st HEOOBIKHOBEHHOTO JIy4a, UCIIOJIb3Ys TPaHMYHBIe YCIOBUS Uit D u 1t E , nony4ynm k, uS,.
PexomenmyeTcs 1elicTBOBATh CIIEIYIONTUM 00pa3oMm.

1.3nas D, ,; E . W HCIIOIb3ys TPaHUYHbIE yCI0BUs, HaxoauMm D, :

n

(Dyuoe)n = (D)3

Dnad) I I
. = (Enade )T = (Ee)‘r =
&, £ €

z Iz

= SH(Dnm)‘, )r = (56)1"

2. 3Has HampaBJICHHUE D , JIETKO TIOJIy4YUTh HalpaBjeHHEe BOIHOBOrO BekTopa k, L D, .

3. AHajnoruuHo, 35ast D, E W HCIONB3ys IPaHUYHbIE YCIOBHS, HAXOMUM £, .

g

D,,, Ee _ _ _
= (SJ.Ee)n : (Enaae )n = (gJ_Ee)n;
& £

(Epo))e = (E,),.

4. 3Has HanpasieHue E,, MOXKHO MOJyYUTh HalpaBlIeHHUE JIyda, COBIAJIAIOIIEE C HAllpaBIEHHUEM

(Enade )n =

(=]

S, S, LE,.
HaI/I60nee IMPOCTBIM U €CTCCTBCHHBLIM ABJIACTCA HWCIIOJIB30BAHUC 3TOT'O cnoco6a IMOCTPOCHHUA

HEOOBIKHOBEHHOI'O Jydya W BOJHOBOI'O BEKTOpa HEOOBIKHOBEHHOH BOJIHBI HMMEHHO B ci1y4dac

napajiCJIbHOCTH OCH KpHCTalljla €ro IIOBECPXHOCTH.

a). Hcnompzyem 3TOT Cnoco® TOCTPOSHUS ISl yXKe

PAcCMOTPEHHOI'0 HAMU IIpUMeEpa.
[Iyctp  onTHyeckas  OoChb  MapajuieibHa  MOBEPXHOCTHU

MOJIOXKUTENIbHOTO @ KpHucTamia ¢ &, =2, g =4. VYrom nameHus

. o T
IIJIOCKOU CBETOBOU BOJIHEBI 91 = Z, KaK IIOKa3aHO Ha pUCYHKE.

_ET EHEH_ 4. ( mzdt))‘[:>

80
D D o
— nao, . eL + nao, X gH X ef = ke J_ 3
& & n 0 T
(D,0,)
E, &= 2Tnad In
80
(D, ) Do)y = (Do )y - ~ S |7
Ee = et = e Ee ”ao - eL + (Enad, )r ’ ef = Se J‘ Ee .
y g€, @2 2g £, ‘

JleficTBUTENBHO, KaK U TIPE/IIOJIarajioch, HEOOBIKHOBEHHBIHN JTyd OTKJIOHUJICS OT OOBIKHOBEHHOTO,

KIIPUIKHUMAACH» K ONTHYECKOU OoCH, 4TOOBI UIMETH BBIMI'PBIII B CKOPOCTH ABWIKCHUA B KpUCTAJLIIC.

0). Ipyrum 9acTHBIM Ciy4aeMm, MPEACTABISIONINM OONBIION MPAKTHIECKUI MHTEpEeC, SBISETCS
MNEPICHAUKYIAPHOC MaJCHUC CBETA HA IJIOCKYIO IMMOBCPXHOCTh KpUCTAJLJIA, OIITUYCCKAA OCb KOTOPOI'o
COCTaBISIET yroll @ ¢ HOpPMaJblO K €ro IMOBEPXHOCTH. B 3TOM ciydae rpaHWYHBIC YCIOBHS NAIOT
CJIEIyIOUIYI0 CUCTEMY YPaBHEHUM:
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Emu)e = (Ee)T = EH Sine— EJ_ COSB

D .
0=—"=¢gE cosb+¢& E sing
80

Haxons xommnonenTtsr E H,E | HampsHKEHHOCTH 3JIEKTPUUYECKOIO IO0JISI HEOOBIKHOBEHHOM BOJIHBI
E, (mpuuem EH npeacTaBisgeT coboil mpoekuuto E, Ha och KpucTamia, a E | — INpOEKIHI0O Ha

HEPIeH/MKYIISIPHOE K OCH HAIIPaBIICHNE), OPe/IeiIsieM HOPMAIBHYIO COCTaBISIOY0 E, :
cos@sinb(e, —¢))

nao,

E, =F cos@+E sinf=FE > — -
n I
g cos"@+¢g sin" 0
Cnenyer oOpaTuThb BHUMAaHUE HA MOSBJIEHHE HEPIEHIUKYIAPHOM K MOBEPXHOCTU KPUCTAJLIA
COCTaBJIAIOILEH HANPSKEHHOCTH 3JIEKTPUYECKOTO IMOJIsl HEOOBIKHOBEHHON BOJHBL, YTO yKa3bIBAeT Ha
OTKJIOHEHHE HEOOBIKHOBEHHOT'O JIy4a OT HOPMaJIU K OBEPXHOCTH.

Ecnu kpucramn OTpULIATENBHBIM, TO & > u B JAaHHBII &
M300p@XKCHHBII Ha PUCYHKE MOMCHT BDEMCHHM KOMIIOHEHTa £, HanpaBieHa \ &
BBEpPX, TO €CTh COHAIpAaBJIEHA C HOPMAJbIO K MOBEPXHOCTH KpHUCTaNIA. o '_1—7—9
B srom cnyuae HEOOBIKHOBEHHBIM Jyd MOWIET TakK, KaK IOKa3aHO Ha N —
PUCYHKE CIUIOIIHOM JIMHUEH €_. - N Ha,

Ecny kpucTaiul nonoxurenbHblii, To €, <& U B U300paKCHHbIA Ha ) \\\

pHCYHKE MOMEHT BPEMEHM KOMIIOHEHTa £, HampaBieHa BHM3, TO €CTb

IIPOTHUBOIOJIOKHO HOPMajJM K IOBEPXHOCTH KpHcTalia. B 3ToM ciydyae HEOOBIKHOBEHHBIN JIy4
OTKJIOHUTCSL B INIPOTHBOIOJIOXHYIO CTOPOHY OT OOBIKHOBEHHOI'O Jyda, KaK IOKAa3aHO Ha PHCYHKE
IIyHKTUPHOU JIMHUEH e, .

Cnenyet oOpaTUTh BHUMaHHE Ha TO, YTO HE3aBUCUMO OT 3HaKa KpHCTallila HEOOBIKHOBEHHBIN JTy4
OTKJIOHSIETCSL OT OOBIKHOBEHHOI'O TakK, YTO €ro CKOPOCTh IPH 3TOM yBeln4MBaeTca. Bo3HuKHOBeHUE
E, cBHACTENBCTBYET O MOSIBICHNN CBSI3aHHBIX 3apsI0B Ha [IOBEPXHOCTH KPHUCTAJIa.

B). B Haubosiee o0mieMm ciaydae, Koraa CBeT MafaeT MOJ yIaoM 6, Ha IUIOCKYIO IOBEPXHOCTb

KpHUCTaJUIa, ONTHYECKAs OCh KOTOPOTO COCTaBISieT yroil € ¢ HOPMAJbI0 K €ro MOBEPXHOCTH, Kak
MOKa3aHO Ha PUCYHKE, TPAHUYHbBIE YCIOBUS JAIOT CACAYIONIYI0 CUCTEMY YPABHEHHI:

E, ., cos6 =(E,), = E sinf—E, cosd
1
; D, ing ! nao
Enaoe Slnelzg_():g”EH COSH‘FELELSIHH 9]: ’ 3/6."
|
Pemenue cucremsl 1aeT KOMIIOHEHTBI £ H E |

cos@ sinf- &, +cosfsinb,
© geos’O+eg sin’

EH = Ena()

sin@,sin@ — g - cos@cos 6,

E L= E nao,

g,cos’ @+ ¢, sin’ 6
OTcroza onpe/IeNsieM HOPMAIbHYH COCTABIAONLYIO E, :

sin @, sin’ 6 —¢,-cosf cosfsin® + &, -cosf sinGcosb +sin 6 cos’ @

E =FE cos@+E sinf=E -
L * e g,cos’ @ +¢, sin’ 6

sin@, +cos 6 cosfsinb(e, —¢))

nao,

g,cos’ 6 +¢, sin’
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1 cnocob: uepes ckopocmsb pacnpocmpanenus 00blIKHOBEHHO20 U HeQObIKHOBEHHO20 YHel.
1. 3akoH npenoMIIeHUs] OOBIKHOBEHHBIX JTy4EH.
DTOT Jyd MO BCEM HAMPABJICHUSM PACIpPOCTPAHSIETCSl C OJIMHAKOBOM CKOpOCThi0. = Pucyem

OKpy»xkHOCTb O(R) paguycoM R = £ . Jlo aTuX To4YeK 1o 3akoHy [ toireHca gomnuia Obl 32 SUHUITY
Jer
BpPEMEHH BTOpHYHas cepruieckasi BOJIHA.

2. Hama nagaromasi BOJIHA IUIOCKast U PacHpOCTpaHseTcs B ONHOPOJHOM Cpele, MO3TOMY OHA
OCTaHeTCs TUIOCKOM M MOciie NPOHUKHOBEHUS B OHOOCHBIM KPUCTAILIL.
Ilycte TOuka B — TOYKa nepecedyeHus npeaomiieHHoro ayda ¢ O(R).
UYepes T. B mpoxXOauT MIOCKHHA (PPOHT MPETOMIICHHONH OOBIKHOBEHHOU
BOJIHBI = IIPOBOJUM KacarenbHyo K O(R) uepes Touky B. KacarenpHas
IepeceKaeT MOBEPXHOCTh KPUCTallIa B TOUKE 4.

3. HeoOblKHOBEHHass BOJIHA HMEET DPA3JIUYHYIO CKOPOCTH IIO
pa3MyHBIM HAINPaBJIEHUSIM, TO €CTh uepe3 E€AMHHUIy BPEMEHHU €€
BOJIHOBOTO (pOHTa JOMJIET 10 TOYeK, JIeKal[MX Ha >JUIMICE C

c c
oJIyoCsaMHn T H——= H306pa>1<aeM QJUIMIIC, KaK ITOKa3aHO Ha pUCYHKE.
& A€
L1 I

4. VI3 TOuKH A IpOBOIUM KacaTeNbHYIO K AIIIUICY, TaK KaK U Y HEOOBIKHOBEHHON
BOJIHBI ()POHT TUTOCKHM, TaK e KaK y OOBIKHOBEHHOM, MoTy4asi TOUKy kacanus C.
5. Uepe3 Touky kacaHust C MIPOXOJUT UCKOMBIN HEOOBIKHOBEHHBIH JTyY.

Bompoc. Yto mbI nomyunin it HEOOBIKHOBEHHOTO Jiyda: k, umu S, ?
OrtgBer. B nelicTBUTENBHOCTH, CKOPOCTh PACIPOCTPAHEHHS SHEPTHHU i UMEET Majo

o w
obmiero ¢ (a3oBOil CKOPOCTBIO v=;. [Tpumep nBxeHus (aspl: MpenCTaBbTE cede

HCIIOYKY HETIOABUIKHO CTOAIIUX TMMHACTOB, IIOCJIICAOBATCIIbHO IMOJHUMAIONIUX PYKH.
Jw [ Jdw Jdw Jw
92| 22, 9% 9%
ok |\ ok, ok, Ok,

Onpen. Ckopocmv pacnpocmpanenusi sHepeuu i =

cpynnoeas uiu jiyieedasil CKopocmso.
HMMmenHo &4 oTBeyaeT 3a pacnpoCTpaHCHUE SHEPIUHU U ABJISICTCSA CKOPOCTBIO J'Iy‘leﬁ.

k
—21y 00bIKHOE. TyYa

0 = kv=k53ﬁ=i[kﬁj= Y
6 0OHOp. cpede n ok n ke i J( ¢ 6
k|v — U, tK,—=| — HEOObIKH. qa
v K, ¢ ok n, ﬂy
2 2 R R N
o R s aoe £ _af, o) _ bk,
ok ok 2 2oz kT Tk Oy ), ik ek

_ c
BbrunciauM J1ydeByr0 CKOPOCTb HEOOBIKHOBEHHOIO Jyda i, =£ k,— |, yuuTbIBas, 4TO
n
e
) k2 2
s1n26:k—’;;coszt9=k—zz.
_ \hat 8
n, = = =
“ Ve, sin?6+¢gcos’6 2 2 ikl
1 I k2 A ELRY +8H z
2

sin’ 6= k'; ;cos’ O=
k k
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2 2 2 2
0 C SJ_k +€sz Jdlc Eka +€sz c
e e i B - [1/8Lk2+8”k2}

u

e = 37| e ===
* exephe | k| Jeg | e o
i €k2+8k2 125 ke +2€er . Elk51n9-6x+€ukcose-ez:gl51n0.6X+€”cose,ez
7 1% ™z = - - 3
ok 2 \/ng2+€ I \/glkzsm29+k2€ cos’ @ \/8L51n29+€ cos’ @
sin G:k—z,cos 6:—2 I I

c & sinb-e +gcosh-e,

U, = :
€ E & .2 2
1) £, sin 6?+€Hcos 6

—Jydesast CKopocmb HeOObIKHOBEHHO20 Jayua.

2 2 2
ue\_ uez _ c N
£ 8” €H€J—
U2 U2
= +—==1 = Jayuesvie noBePXHOCMU HEOOLIKHOBEHHOU 6OIHbL NPEOCMAGIAIOM OO0l
C

C o
iunmuvyecKkue noeepxHocmu ¢ nOaYyociAmu. 60011b X ——— 1 onmuueckoil oclu,

A

c .
800 Z T —|lonmuueckoti ocu.
Il

CkansipHOe NpOU3BEIEHUE JTyUeBOM CKOPOCTH Ha €AMHUYHBIN BEKTOP B HANIPaBJIEHUU BOJHOBOIO

y _k y
BEKTOPA PaBHO MO0 (ha30BOM CKOPOCTH | U i v . CnenoBatenbHO, 11 crmoco6 maeT MCTHHHBIHN X0/

J'Iy‘leﬁ, a IOCTPOCHHBIC HAMU KPYT U JJIIUIIC ABJIAIOTCA CCUCHUAMU JIYUCBBIX HOBerHOCTeﬁ = 6eKmop,

NepneHOUKyIAPHbILIL K HeOObIKHOBEHHOMY yuy — 2mo E.
OTOT c110co0d MOCTPOEHUS HAa3bIBAETCS IOCTPOCHUEM C TOMOLIbIO NpuHIMMNa ['toireHca.

[tolirenc — 3ameuatenbHas JUYHOCTH. DTO0 OH B XVII Beke BbICKa3an MpeJIOIOXKEHHE O
paszeneHur Jyded B JIByOCHBIX KpHCTaJlJIaX Ha [B€ BOJHBL DJUIMOTHYECKYI0 U CHEPHUECKYIO.
B 1669 r. bapTonuHyc OTKpbLI ABOMHOE JIy4enpesIOMICHUE Ha KpUcTaiule ucianackoro mmara CaCo,,

u ['tolireHc TyT sxe 0OBSACHUI 3TO SIBJIICHUE.
O Troiirence (1629-1695) (mupudeckoe OTCTYILUICHHUE):
B 22 roJia — ONpPEeIeIHI JJIMHBI IyT: OKPY>KHOCTEH JUTHIICOB, THUIIEPOOIT;
B 25 JIeT — BBIUUCIINI YUCIIO TT;

B 26 neT — oTKpbul cityTHUK CatypHa TuTaH M onpenenuil CylecTBOBAaHUE KOJIbIA aCTEPOUI0B
BOKpyT CarypHa;

B 28 et — TpakTat «O pacueTax Mpu UTrpe B KOCTW» — MEPBbIE UCCIEAOBAHUS B 00JIACTH TEOPUU
BEPOSITHOCTH + H300pET MepPBhIe MAsITHUKOBBIC YaCHI;

B 40 51eT — TeOpHs LENHBIX U HEMPEPHIBHBIX IpOOeii + 00BSCHII IBOHHOE JIy4erpeOMIICHHE.

B 61 roj — npe/IoKuil BOJHOBYIO TEOpHIO cBeTa B « TpakTate o cBeTe» + «O npuunHax
TsoKecTu» + « Teopusi MHOKECTBEHHOCTH MUPOB U UX OOMTaEMOCTHY,
0 KOTOpPOM CTaJI0 U3BECTHO TOJIBKO MOCIIE €r0 CMEPTH.

Kaxkas ynuButenbHas pa3HOCTOPOHHOCTB !
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c\/ej_ sin 6 + g cos® @
VYutem, 4T0 (hazoBasi CKOPOCTb HEOOBIKHOBEHHOI'O JIyya paBHa U, = \/ ,
€18

1 YCTaHOBUM CBSI3b (ha30BOM M TPYIIIIOBOI CKOPOCTEH HEOOBIKHOBEHHOM BOJIHBI.
. _ _ ) 2
c €& sinf-e +gcosb-e, \/é‘lsm 0+¢ cos” 6

u,=
\/gJ_gH \/EL sin’ f+¢ cos’ @ \/SJ_ sin’ f+¢ cos’ @

.2 2 . - - . - -
c\/gj_sm 0+ ¢ cos H.gLs1nt9-ex+€”c059-eZ _ g sinf-e +gcosb-e;
. T ) 2
JELE (\/,sLst6?+,5Hcos249)2 €) sin” 6+ £ cos” 0

£ sinf e, +¢gcosb-e,

=

!
I

) 2
£ sin” 0 +¢gcos” 0
Y — C6513b (Paz0801ll U 2PYNNOBOU CKOpOCmel HeOObIKHOBEHHOU BOJIHbI.

——, y ="
V& Jer

OtBer. CKOpPOCTH paclpoCTpaHEHUs! Jy4dell ompeaensercs B3auMOACHCTBHEM
C-)JICKTpI/I‘-IeCKOFO I10JIs1 E BOJIHBI C pCIHCTKOfI KpI/ICTaJ'IJ'[a, 3a KOTOpOG OTBCUACT &£ B
HaIlpaBJICHUU E. Tak xak BEKTOp E NEPHEHAUKYIAPEH  HapaBICHUIO
pacnpocTpaHeHus: BOJHBI, TO 32 CKOPOCTb PACIPOCTPAHEHUS «OTBEUAIOTY MOMEPEUHBIE K
STOMY HaIpaBJICHUIO €.

Hrak, emie pas:

I crioco® mocTpoeHHst UCHONB3YeT 3aKOHBI IperoMieH s, naet S, || k, u k,. B paccMorpenHOM

Bompoc. IToyemy tak nomy4aercst, 4T0v, =

BUJIE OH BEPEH TOJIBKO JIJIsl IOBEPXHOCTH, NMapajliieIbHOW ONTHYECKON OCH KpHUCTala.
II cioco6 mocTpoeHus TaKKe pEKOMEHIYETCs MCIIOIb30BaTh, €CJIM ONTHYECKAs OCh NapalieabHa

noBepxHocTH Kpuctamia. O maer S, ||k, k, LD, S LE,.

111 crioco6 noctpoenus 1o npunmumy [oiirenca naet S, | Ee u 5’0 [ IEO.

[Ipumep.
[ToctpouMm Xx0a HEOOBIKHOBEHHOTO Jyda B OJHOOCHOM KPHCTAIIE IUIsl CIydash MPOW3BOJBHOU

OpUEHTAllMU MOBEPXHOCTU KPHUCTAJJIA OTHOCUTEIBHO ONTHYECKOW OCH KpucTamia. s mocTpoeHust
ucnonb3yem npuHiun [roirenca (I cmoco0). Ilycts nMeeM NOMOKUTETBHBIA OJHOOCHBIA KPUCTAILT

C ]II/I:')J_ICKTPI/ILICCKI/IMI/I HpOHI/IHaeMOCTHMI/I |
|
V4
£, =2 ¢=8 6 :Z — yron majgeHus Jiyya | /
|

OTHOCUTEJIBHO HOPMAJIH K IIOBEPXHOCTH.
[Topsnok mOCTpOeHHS XOAa JIyUen:

1. OGBIKHOBEHHBIH JIyY 10 3aKOHY TPETOMIICHHUS

o T
NOUACT B JaHHOM CJIy4dac 1o/J] yriom EK HOpMaAJIN.

2. CtpouM Jy4eBYIO MOBEPXHOCTh OOBIKHOBEHHOT'O JIyda — OKPY>KHOCTb.
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3. JIyueBast HOBEpXHOCTH HEOOBIKHOBEHHOT'O JIy4da — HJUIHIIC, OOJIBIIAst OCh KOTOPOTO COBITAACT C

b, e |

JMaMETPOM NPOBEIECHHON OKPYKHOCTH, a Majas B 2 pa3a MEHbIIIE, TaK KaK = 5
VA
4. TIpoBoauTCsl KacaTelbHas K OKPYXKHOCTH, MEPICHINKYJIIpHAsT OOBIKHOBEHHOMY JIydy, JI0 €€
MepeceveHus ¢ TpaHuLEeH pa3zena KpucTaiia B TOUKE A.
5. VI3 Touku A IpOBOUTCS KacaTelbHast K JJUIUIICY .
6. 13 TOUKM npenomMiIeHus B TOUKY KaCaHUs C JUTUIICOM MPOBOJUTCS HEOOBIKHOBEHHBIN JTyY.

3. llonspu3auus Npyu ABOMHOM Jy4YelnpeOMIeHHH

1. PaccMoTpuM cityyail HOpMaabHOTO (IEPIEHAUKYISIPHOTO K MOBEPXHOCTH) MaJEHHs CBETa Ha
HOBEPXHOCTh KpucTaiuia. M3 3akoHa npernomieHus s
moboron, #0: n,sind,, =sinf, = sind,, =0, TO ecTh @

k, || k, neprieHIMKyISIpHBI MOBEPXHOCTH KpUCTaiIa. BexTop

D, nmapauieneH NOBEpXHOCTH KpUcTaiuia, Tak kak D, L k, .

[MoctpouM X0 HEOOBIKHOBEHHOTO Jy4ya W3 NpPUHIUIA
['rolirenca. —
[lycte kpucramin mo-IpeXHEMY MOJIOKUTEIbHBIN,

€ =2, g =4= E, mnoBopauuBaercs TaK, 4ToObl ObITh

OJMKe K HaIpaBJICHUIO, NEPIEHAUKYISIPHOMY ONTHUYECKOU —
OCH, M «MEHBIIE» B3aUMOJECHCTBOBAaTbL C PELICTKOU Se
KpucTaia ¢ €, <&, TO eCTh ObICTPEE PACHPOCTPAHSTHCS. V—k’o R’

1M

[Ipu 5TOM HEOOBIKHOBEHHBIM JIyuy mperomisiercsi (TO ecTb
uAeT Moj YIJIOM K IOBEpXHOCTH). B pesynpTaTe Ha BBIXOJE W3 KpHUCTalyla BMJIUM JBa Jy4a.
To xe Oynet a1 OTpULIATEIEHOTO KPUCTAILIA.

= = = D D,
ITyctb €H=2,8L=3:>E6=E8H+Ed=L i.k_e\l
& L& 4

Crnenyer oOpaTuTh BHHMaHHE Ha TO, YTO BO3HUKACT KOMIIOHEHTa FE, NEpNeHAMKYJSpHas K
MOBEPXHOCTH, U HA TIOBEPXHOCTH BO3HUKAET CBA3AHHBIN 3apsa p .

Ha PUCYHKEC MPECACTABICHO IIOCTPOCHUE XOJa nyqeﬁ B OTpHULATCIBHOM KpuCTAJJIE.
HeoOnIkHOBEHHBIH JIy4 OIATh OTKJIOHACTCA Tak, YTOOBI IOMEHBIIIE B3aHMOHCﬁCTBOBaTB CBOHMM IIOJIEM

C KPUCTAJIMYECKON PEIIeTKON U OBICTPEE MPOXOIUTb.

\
\
T
A
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2. B ciyyae paznuyHONl OpUEHTAIIMM ONTHYECKONW OCH KPUCTALNTMYECKHE KAPTHUHBI X0/a JIydei
pa3iIuyHbIe.

Bun Ocp L moBepXHOCTH Och || moBepxHOCTH

Ocp o yriaom
KpHCTaJlIa

He paspenssacs, v, =, He paspenssace, Ho v, > v, | Pasznensscs, v, # 0,
«H»

,/

e

o €

e

0

He paspensscs, Ho v, <v, | Paspensscs, v, # 0,

Vo <7,

g ]
“=> o o ;?

C Touku 3peHust HHTepdepeHIINN Hanboiee HHTePECHA BTOpasi KOJIOHKA.

2z
A=(n,—n,)d,0 = /I—(ne —n,)d —pa3HOCTh (ha3 OAHOTO JIyda OTHOCUTEIBHO APYroro, rae d —
0

TOJIIHWHA KpHCT&J’IJ’IH‘IGCKOﬁ IITaCTUHKH. —

«—=»

—

Ho koneGanmsi £ B OOBIKHOBEHHOW W HEOOBIKHOBCHHOW BOJIHAX IMPOHMCXOMSAT BO mny
B3aMMHO TICPIICHAUKYJISIPHBIX HAMpaBJICHUAX, a TaKWe Jy4d, KaK W3BECTHO, HE
UHTEpPEepUPYIOT:

I=1+1,+2\11,cosycoso.
YroOsl oHM HHTEphEpUpPOBATH, HAZ0, YTOOBI KoNeOaHWs £ OBLIM BIOJIb OJHOTO HAIPABJICHUS.
JIJ1s1 5TOTO HaJI0 MOCTABHUTH HOJSPHU3ATOP.

WNuTepdepenmms Oyner CYILIECTBOBATb, ecln OOBIKHOBEHHBIE u o

HEOOBIKHOBEHHEIE JIYYU KOI'€PCHTHLI, 4 3TO TaK TOJBbKO JJIA IMOJIAPHU30BAHHOI'O CBETA,
naaaromero Ha IIaCTUHKY.

ol

I[J'If[ €CTECTBEHHOIO CBE€Ta OOBIKHOBEHHBIE U HEOOBIKHOBEHHEIE JIydyn
OpUHAIJICKAT PasHbIM aToMaM, INIOCKOCTH HCIIYCKaHHA KOTOPBIX B3aWMMHO ICPICHAUKYJIAPHBI, H,

ClIeI0BaTEIbHO, OHM IPUHAUIEKAT Pa3sHbIM I[yraM => 0Jig eCMecmeeHH020 C8ema maxKum oopazom
unmepghepeHyuIo noxLYYUmMsb Helb3s.

4. IIpoxoxkaeHne NJI0CKOMOJISIPU30BAHHOI0 CBETA Yepe3

KPHUCTAIMYECKYI0 IJIACTUHKY. [l1acTHHKA B 4YeTBepTh
U B NOJJIJIMHBI BOJHBI

[InacTuHKa BBIpE3aHa MApPAUIENBHO ONTHYECKOW OCH => Jy4d HeE ceem
—_—

27
pazaensIoTces, HO BO3HUKAET cBUT a3 o =—(n, —n,)d.
0
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A

2r V4
1. Ecnu 6==—(n,—n,)d =—+mm,rne m=0,12..., wmu A=(n,—n,)d :£+—m, mo 3mo
2 4 2
A y
NAACMUHKA 6 Yemeepmb ONUHbL BOIHbL e Ha evixooe u3 nee umeem ceéem, nonapu306anHulil no Kpyzy,

. . 7 .
ecnu Ha 6xo0e Oblll TUHElHO NOJISIPU3OBAHHBIU ce6em U P = Z+7D’l’ll — yeon Meofcdy onmu4eckou ocvro u

Hanpasnenuem noasapusayuu (m, =0, 1).

T .
Q= 7 +70my = ceem, noaapu306aHHbIIUL NO KPY2Y.

T . .
(7 =—+ my = ceem C IIUNMUYEeCKOU noApu3ayuel.

PaccMmoTpumM noapoOHee, Kak 3TO IPOUCXOAUT.
a). Ilycte nMHENHO NOJSAPU30BAHHBIA CBET MAJaeT HA IOJOXKHUTEIbHBIM KpHUCTAT =>IpU

X E n,>n, — HEOOBIKHOBEHHBIH JIyd WAET MEIJCHHEC M Ha BBIXOJE HMEET
nap, e
JIOTIOJTHUTEIIBHBIN CIBHT (ha3bl OTHOCUTEIPHO OOBIKHOBEHHOTO JIy4a Ha — .
P 2
E To ecTh, ecnmu Ha BXOJIe B KPUCTAIUT KOJeOaHus moyis £ UMEIOT BU:
. - T .
| I — it
E,=Eycosp-e,-e X

Fo_ T o S i
E,=Eysing-e -e™,

TO Ha BBIXOJC:

- o

E,=E cosp-e_ -e
P S o
E,=Eysing-e,-e

Ey = E,{—sinaxt-cos@-é_+cosaxt-sing-é } =

6) Ecau nuneino HOHHpI/I3OBaHHBII>'I CBCT IIaJacT Ha OTpI/II_IaTeJ'IBHblf/’I KpuUcTalll = IIpH 7, < n,

Es = E[-singsinat-e_+cospcosat-e,] =
= Jluneiino I’lOJl}lpZ/IS’O@aHHbIIZ ceem nidcmuHkKa 6 Z npespawaent 6 JIUNMUYECKU

NONAPUI0BAHHBLU (UNU NOJISAPUZOBAHHDIL NO KPV2Y).
8) Ecnu nadaem s>1iunmudecku NOISPUSOBAHHbBIL C8eNl, MO NIACMUHKA 2 npegpawjaem e2o 8

JIUHEUHO NOJIAAPUZOBAHHDIL CEEM.

[IposepumM at0. IlycTh Mamaer cBET, NOIAPU30BAHHBIN O KPYTY:
T

E =E,[e, cos(at —ky)+&. sin(ax —ky)]|= E,{ &, +é.e ? t-e" @™,

00bIKH. HeOBbIKH.
Jly4n pacrnpocTpaHsIOTCs BIOJIb OCH V , TO ecTh Ha Hac. OCH X M z OPUEHTHPYEM Tak, 4TO OCh
z mapajuieibHa ocu Kpucraiia, torna E = Ee_cos(ax —ky), E, = Ee_sin(a¥ — ky) — nonspusanus mno

KpyTy IPOTUB YaCOBOM CTPEJIKH.
[TycTs KpHCTaJUT TOJNIOKMUTENBHBIA («+»), TOrga n,>#n,, U HEOOBIKHOBEHHBIH Jyu HMeEeT

. V4
JOIMOJIHUTECIbHBIN CABUT (1)33 5 = E OTHOCHUTCIIBHO OGI)IKHOBGHHOFO.
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. I =K _ — I 5 pila-ky)
Ha Beixone: E, = Ee cos(ax —ky)=Ee.e ,
= S ik . 5.
E,=Ege "™ =Eze. cos(ax —ky) = x

— 4
Es = E cos(ax —ky)- (e, +e,) — nuHelHo NoJspu30BaHHbI CBET.

v

Ecim Ob1 mapgarommid CBET OBLT OSJUIMOTHYECKH TOJISPU30BAH, TO
HOABUINCE Ob1 E, ~ Eysing u E, ~ E;cos¢, TO eCTb Ha BbIXO/I€ ObLI ObI CBET,
JINHEWHO TOJISIPU30BAHHBIN MOJT YTJIOM () K OCH Z , €CIIU OJIHA U3 TJIaBHBIX OCE
AJUTUIICA COBMaJaa Obl C OChIO KPHCTALIA.

Ey = E,cos(ax —ky)- (e sing+e_cosg).

[Ipyn mpom3BOIBHOW OPHEHTAIIMHM SJUIMIICA OTHOCHUTEIBHO OCH BBIKJIAQJKH YyTh JJIMHHEE, HO
pe3yibTaT TOT XKe.

st cirydasi mpou3BOJIBHOM SIUTUITHUECKON MOJIIPU3aLIUN:

w0 = Ey. cos(ax —ky)e + E;_sin(ax¥ —ky)e,
| =€, cosp+e,sing _ e, =¢sing+e; cosy .

=y

)

z

)

—_ —_ . —_ . b
=€ =e,cosp—e,sing e, =g cosp—e, sing

]
'

E, =[E,,cos(ax — ky)cosp~ E,, sin(ax — ky)sing] -2,
E, =[E,,sin(ax —ky)cosp+ E,_ cos(ax —ky)sing]-é... :

T o
n,>n, = +E K (a3e HEOObIKHOBEHHOTO JIyda => Ha BBIXOJE IIOIy4aeM JHMHEHHO
HOJIAPU30BAHHBII CBET:
Es =E, cos(ax —ky)cosp-e,—E, sin(af—ky)sing-e, +
+E,, cos(axt—ky)cosgp-e.—E, sin(ax—ky)sing-e, =
=[E,, -e.+E, -e.]cos(at—ky)cosp—[E, e.+E, e.]sin(at—ky)sing.

0z%x' 0x~z
CnenctBue. Kak OTAMYNTH CBET, MOJIIPU30BAHHBIN MO KPYTY (), OT €cTeCTBEHHOro cBeTa (0):
¢ »
4 —  (a) ucuesaer
y ucuesaem
— — — (0) HuYero He W3MEHsIeTCs IpPU BpPALICHUU
0 He U3MeHAemca HOHﬂpI/ISaTOpa P
BpalieHHe
2. Ecnu A=dn,—n,|= %+ Aym, 20e m =0,1,2,..., mo 5mo niacmunka é nOAONUHbL OIHBI — .
Ona u3menseT a3y 0AHOro JTydya OTHOCHTENBHO JPYroro Ha 77 . My
[Tycts magaet TMHEHHO MOJSIPU30BaHHBIN cBeT E = E cos(ax — ky), u ~
= . - F
E, coctaBisier yron ¢ ¢ ONTHYECKOH OCHIO TNIACTUHKHY. Ex——= nad
[TycTh KpucTamn OTpUIATENBHBIN «—»=> K (a3e OOBIKHOBEHHOTO (7] O
Jy4a J00aBIsICTCS 7T . E 'i 'E
E ., =E,sinpcos(ax —ky)-e, + E,cospcos(ax —ky)-e,; 'E
- _ . _ _ E 6bIx
E__=—E,singcos(ax —ky)-e, + E,cospcos(ax —ky)-e, = Opurnc

naacmuHKa 6 E noeopavdueaem rnanpaejieHue nojisapusayuu JUHELHO noOJIApU3IAYUOHHO20 ceema HA Y20l

2¢, 20e @ — yeon Mmexncoy HAnpasieHuem HNepeOHAYANbHOU NONAPU3AYUU U ONMUYECKOU OCbIO
Kpucmania.
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5. 3agaua

Ha IJNIACTUHKY — MaJa€T MOHOXPOMATUYCCKAasl BOJIHA UHTCHCUBHOCTH IO
2

a) ECTECTBEHHOT'O CBETA;
0) MOJAPU30BAHHOTO TIO KPYTY CBETA;

B) JINHEWHO MOJISIPU30BAHHOIO CBETA, IpuueM £, 5 HalpaBieH MO YIJIOM ¢ K OCH

kpucramia 00’ .
W3 niiactunku Beipe3anu kpyr O(R=1,5-7), rae r1 — paguyc nepBoi 30HbI OPpeHelts A TOUKH

T o
Ha6J'IIOI[€HI/I$I, 1 IIOBCPHYJIM KPYT Ha 5 . HaliTu M”HTEHCUBHOCTH B TOUKE HaGJ’IIO,Z[CHI/ISI P.

Pemenue.
a) Jl1sg ecTeCTBEHHOro CBETa HMYEro He MeHsaercsa [p =/(,Tak Kak HET

uHTEp(HEPEHIINU U HET MOTIIOMICHHS. B e
0) Ecnu cBer nonspusosan 1o kpyry, 1o E = E (cos@-e, +sing@-e ).

nao
B COOTBETCTBUHU CO CHHpaJIbIO @peHeHﬂ, B OTCYTCTBI/H/I IJIACTUHKU OT
BHCIIHUX 30H HpI/II_HJIa 6BI BOJIHA C Hal'IprKeHHOCTBIO

- T _ . T\ _
E,...=E cos((p - Ej e, + sm((p — Ej e,
a BOJIHA, Hpnmenmaﬂ oT HonyTopa BHYTpeHHI/IX 30H, UMCJIa 6131 HaHpH)KeHHOCTL

— T\ . T _

Ep = \/EEO cos((o + Zj e, + sm((o + Zj e,

[locne mmacTuHKHM (IyCcTh IUTACTMHKA BBIpE3aHa M3 TOJOXKHTEIHHOTO KPHCTAJIIA)

"Fim_]'mp

9

HEOOBIKHOBEHHBIN JIyd HpuoOpeTaeT NOMOJHUTENbHYI0 (azy . byaem cuuTtaTh, 4TO OCh
KpHUCTaia napajuiesibHa OCH z, @ OCh BBIPE3aHHOIO KpyTra napajuiesibHa ocH x. Toria JonoJIHUTEIbHY 0
(azy mosyyaeT BHYTPEHHSSI BOJIHA C MOJIAPU3AIMEH [0 X U BHEIIHSS BOJIHA

o X &
C MOJIApHU3allrueu 110 Z. A ‘E';fH]’ﬂlp
ITocne mIacTUHKH:
— — T . T _
EgHymp =E = \/EEO cos((p + ZJ e, + sm((p + Z + 7[} e, |= N
]‘EII(IO
=E,[(cosp—sing)-e. —(sing+cosp)-e ]; >

Eguem =E, cos((p — % + 7[) . ézg + sin((p — %J . éxO =

f

. _ ~ . eHET gttt
=E,[-singp-e_—cos@-e_]; . B
Es  =E|[-(sing+2cosp)-e +(cos¢p—2sing)-e,] \ eHymp
6 m.P ’ \ /
. !
JI1g TTacTUHKY, BRIPE3aHHOM U3 OTPUIATENFHOTO KPUCTAIa, 7
MOJTY9HIIOCH OBI TO K€ caMoe, HO 3HaKH ObUTH OBI TPOTHUBOIIOJIOKHBIE. z
_ E02 80 .2 2 . 2 <2 . _
I,= EY ﬂ_ [sin” @+4cos” ¢ +4sin@cos@+cos” @+4sin” ¢ —4sinpcosp] =151, .
0

B) Jis JMHENHHO MONSPU30BAaHHOIO CBETa TAKXKE IOJIy4aeTcsl NSATUKPAaTHOE YBEJIUYEHUE
MHTCHCHBHOCTH B TOUKEe HaOmoxenus [, =51,. IIpu 5TOM HHTCHCHBHOCTE B TOUKE P HE 3aBHCHT OT
OpPHUEHTALMH TOJSPU3ALNHI TaIA0IETO CBETa OTHOCUTEIBHO OCH KpUCTaylIa. BeIkianku, mpuBoasmue
K 3TOMY pe3ylbTaTy, Ipearaercs IpoJesiaTh CaMOCTOSTEIbHO, a Ha PHUCYHKE IPEACTaBICHO
rpaduyecKoe peleHne 3ToM 3agaum.
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6. Kpucrananyeckas IiiacTMHKA MeXK1Y JABYMS MOJSIpU3aTOpaMu

BousHbl ¢ pa3Hoil nonsipu3anye B OCHOBHOM MPHHAJIEKAT Pa3HbIM I[yTaM, BXOJSIIHUM B COCTaB
€CTECTBEHHOro cBera. [loaToMy MNpu NageHWH €CTECTBEHHOTO CBETa Ha OJHOOCHBIM KpPHUCTAIII
OOBIKHOBEHHAs] U HEOOBIKHOBEHHAs BOJHBI Ha BBIXOJE W3 KpHCTaIa HEKOrepeHTHBL. Ecim Ha myTn
€CTECTBEHHOTO CBETa Mepel KPUCTALIMYECKOW IIACTUHKON MOCTaBUTH IMOJIAPU3ATOP, TaK, YTOOBI

T
IUIOCKOCTb €r0 MPOIMYCKaHHUs COCTaBiIsAIa yrol @ # 0,5 C OCBIO KpHCTaJlIa, TO NMPHU BCTYIUICHUU B

KpUCTaUT KOJIeOaHUSI KaKIIOTO Iyra pa3ielisaTcs Ha OOBIKHOBEHHYIO M HEOOBIKHOBEHHYIO BOJIHBI,
KOTOPBIE B 3TOM CiIy4ae OyayT KOT€pEHTHBI.

IIycTh ecTecTBEHHBIN CBET MaJaeT HA CUCTEMY, COCTOSIIIYIO0 M3 KPUCTAJUIMYECKON MIIACTHHKU,
i B Eq? B HaxoAsIIencss MexAy AByMs mHoispuszaropamu. s

I 3 A B ¢ Toro 9TOOBI MNOHATh, YTO OyJIeT HaAOMIOAATHCA Ha
A
> ! ' : *  BBIXOJE M3 CHCTEMBI, HAJ0 MOCIEI0BATEIBHO
' paccMOTPETh MOJIAPH3ALUIO U MHTEHCUBHOCTh CBETA B
! Touykax A, B u C cucTeMsl.
Touka A

Wmeem nuHelHO MONSAPU30BaHHBIN CBET ¢ [ 4 = ?e; E, =Ejcosax.

IIycTs KpUCTaAIII TONOKATENBHBINA — KBApPIIL, TOT 1A

i—i[(ne -n,)d.

Mycts E, = Ey(cosg, -&. +sing, -, )cosax,

n,>n,=0,<0,=0,=

IIe ¢ — YroJ MEXAy HalpaBICHUEM MOJISpU3aLuu

(HanpaBJIeHUEM HOJSIpU3aTOpa A ) U OCBIO KPUCTAILIA Z.

Touka B:
E, = E,{cos¢, cos(ax + 8)-&. +sing cosax &} .
Iycts @ =E,sing,-é,, b=E,cosq, €., torna E, =acosat +b cos(at +3J).

Touka C:
d W b mpoenupyloTcs Ha HaNpaBleHUE NOJsIpHU3aTopa P, HO OHM CIOBHHYTHI 1O (asze ApyT

OTHOCHUTEIIBHO JIpyra Ha O :
asin@, u bcos @, —3TO CTOPOHBI TPEYTOJIBHAKA C YITIOM O MEXIY HHUMH:

a sin®

b cos®
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El =(asing,)’ +(bcos@,)’ +2absin @, cos @, cos d = E, sin” ¢ sin’ @, + E, cos’ ¢, cos’ @, +

+2E; sin ¢, sin @, cos @ cos @, - cos 55 = E {sin’ @ sin’ @, +cos’ ¢ cos’ @, +
2

1-2sin”—
2
+2sin ¢ sin @, cos @, cos @, —sin 2¢, sin 2¢, sin E} =
2 . . 2 . ) . 5
= E;{[sin ¢ sin @, +cos@ cos@,]” —sin 2¢ sin 2¢, sin 5} =
= E[cos’ (¢, — @,) —sin 2¢, sin 2¢, sin’ g] =

I.= %{cos2 (¢, — @,) —sin 2¢, sin 2¢, sin’ g} .

Yacmmuwie cyuau:

1 . . 20
1. ¢, =@, =@ mo ecmv napainenvrvie noaspusamopsl B || P, = 1. = Eg{l —sin” 2¢sin’ 5}

/1 I o
Ilpu K| P, ¢:Z:> ICHZEECOSZE-

V4 1, . . .20
2 O, = > TO €CTb CKpewjeHuvie nonsapusamopor B L P, = [~ = ?e|sm 2@, sin 2(p2|sm2 PX

Tpu P L P, (pZ:%: I, =teginl

2 2
Pasnocts a3 syueii & 2r-m 7-(2m+1)
Onrtrueckas pa3HOCTh Am A
i —+Am
Xoza ay4en A 2
HasBanue miacTHHKH [InacTUHKA B JTMHY BOJIHEI [TosryBOJIHOBAS TUIACTHHKA
I I min=0
I max =—%
2
1 min=0 1
+ max =—%
2

Kax MBI 3HAaEM, IIOKa3aTcjii MIPCIOMIICHUA 3aBHUCAT OT MJIMHBI BOJHBI, ITIO3TOMY

(n,=n,) = f(A).
Ecau A, takoe, uto A, =mA, u Ui A, BBIIOJHAETCS yCIoBHE A, = ﬂ,z[mz +%)

TO, UMes CBET (A, + A, ), IPH COOTBETCTBYIOIIUX IOJ0KEHUAX IOIAPU3ATOPOB MOy JaIOTCS
KapTMHKH C pa3HOW oOkpackoll. Taxue Onumvl 6oan A u A,  Hasviearomcs

()OI’ZO]lHume]leblMu, a coomeemcmeyroujue um yeema — OONOJIHUMEIbHBIMU yeemamu.
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7. UcKycCTBEHHOE 1BOMHOE JIy4enpeaoM/IeHue

B npospaunvix amopguvix menax (a — epeu. ompuyanue, morphe — ¢opma) u 6 Kyouuecku
CUMMEMPUUHBIX KPUCALLAX MONCEM 803HUKHYMb I heKm 080UHO20 yuenperomMieHus 8 pe3yibmame
BHEUIHEe20 8030€UCEUSL:

1) mexanuueckas oepopmayusi npusooum k nbezoonmuueckomy s¢hpgpexmy (bprocrep, Makcpein).
D¢ dexT HabmoAaeTCS B U30TPOIHBIX, aMOPQHBIX, KUIKUX Cpeax.

2) anekmpuyeckoe none coszoaem 3ppexm Keppa,

3) macnummuoe none cozoaem sgpgpexm Kommona-Mymona.

MexaHu3M: B OTCYTCTBHUEC BHCUIHETO BOS,}ICfICTBHSI BCE HN30TPOITHO, TAK KaK HET
BBIJACJIICHHOI'O HAIIPABJICHUS, KOTOPOC MOSABJIACTCA IIPU BHCIITHEM BOSHCfICTBI/IH.

la) /{na uzomponmuvix Kpucmaniiuveckux meepovix men 6 1815 e. Bpiocmep
HaOmogan 3(@EeKT MCKYCCTBEHHOrO JIBOMHOIO JIyYeHmpeJOMJIEHHs, OCYIIECTBIIss
OJTHOHAIPABJICHHOE PACTSLKEHHE—CKaTHE U30TPOMHON KyOU4ecKOH perIeTKy.

Hzomponnas Kybuueckas peuiemxa + OOHOHANPABNIEHHOE PACMANCEHUE-CHCamue

:>|n0 —n,|=ko < npunodxcennoe nanpsicenue, k= f(A). B pesyromame nabniooarom ysemmuole
noA0CYL.
B P
Ecim P, 1L P,, OAMHAaKOBBIE IIOJOCHI COOTBETCTBYIOT 2 Usermie
ceem nonocel

MeCTaM OJMHAKOBOW JedopManmud => ONTHYECKUH METO. :
HCCIIEJIOBAHUS HANPSHKEHUH — MeTo (POTOyNpyrocTy.

10) /[Ina amopgHvix meepovix men u dHcuoxocmeu C

AQHU30TPOITHBIMU MOJIEKYJIAMHU TPU TEUCHUH KHUJKOCTH HAOIIOJAeTCs aHAIOTUYHBIN d2PQPEeKT — TaK
Ha3bIBaeMbI 2¢hpexm Maxcesenna.

2) Dnexmpuueckoe none obecneuusaem 6o3nuxkHogenue s¢gexma Keppa.
OH ObL1 00HapYKeH B /875 e. nnst sxuakoctedt u amopdHbIx Ter; B 1930 r. — mi1st ra3os.

P LP; P ¢t R
ny—n,=kE*; e
A=kE’l;

27k k 1o

o= TEQI =27m-BE’l, 20e B = 1 nocmosaunas Keppa.

1
IIpu nosblIeHNH TeMIIepaTypsl OCTOssHHAsA Keppa yMeHbInaeTcs: T7—! B, toects B~ T

B .. ona numpobensonra C,H NO, .

max

B
[pu paccrosauy mexay maactuakamu 1 wm, U =1,5 kxB=E=1,5-10°=npu [ =5cnu =
M

T
= 5 = E , TO €CThb, ITOJIYy4acTCA IIJIaCTUHKA — .

MexaHusM: B OTCYTCTBUE £ MOJIEKYJIbI OPUEHTHPOBAHbI Xa0TUYHO. BO BHEIIHEM JIEKTPUYECKOM

none E I[I/IHOJ'IBHBIf/'I SHCKTpI/ILICCKI/Iﬁ MOMCHT OPUCHTHUPOBAH II0 IIOJJIO Y IOJIPHBIX MOJICKYJ, a4 Y

HETMOJIAPHBIX TOJSIPU30BaH BAOJL HANpPABJICHHUS mMax TOJNSAPU3ANUNA. Bpems ycmanosieHus
0 . . E =0-3ameop 3axpvim
anuzomponuu cpedst ~ 107" ¢ = Oe3bIHepYUOHHDIL C8EMOBOU 3aMBOP )
E #0—3ameop omxpwvim
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3) D¢ghexm Kommorna — Mymona 00ycIoBIIeH BOSHUKHOBEHHEM aHU30TPOIHH 0T ICHCTBUEM
mazHumuozco noas. Obnapyoicern Keppom u nezasucumo Maviopanom 6 1901 e.

MexanusM. Mosekynbl  cpeapl  aHU30TPOIHBI  +  HMEHOT \ S /
MOCTOSIHHBIN MarHUTHBI MOMEHT  (TIapaMarHeTHK).

B cuIBHBIX MAarHUTHBIX MOJSAX UMEET MECTO IPEUMYLIECTBEHHAS
OpHEHTAllMsl MAarHUTHBIX MOMEHTOB MOJIEKYJI=> Cpefa BeIeT ceOs Kak

OJTHOOCHBI  KPHCTAJII C OCBIO || B . / N N\

0=2m-c-e-B*, 20e c=const= f(ceoticmea cpedvl,A), c ~—.

céenm

B HuTpOoOEH30IIe, TOMENIECHHOM B MarHUTHOE ToJie ¢ MHAyKIued B=2 Tx, Ha mouHe [=10 cm

BO3HHKAET ONTHYECKAst Pa3sHOCTh Xoaa O ~ 3°.

8. BpameHnue miocKoCTu MoJIApu3auum

1. Ecmecmeennoe gpaujerue niockocmu noaapusayui.

Ecnu nunetino nonapuzoeannvlii ceéem, Npouos uyepe3 6euwyecmeo 8 OMmCymcmeue 6HeulHe2o
MACHUMHO20 NOJA, UMeem NOBEPHYMYI0 OMHOCUMENbHO NEePEOHAUANLHO2O0 NONONCEHUS NIOCKOCHb
NOAPUZAYUU, THO 2080PIM O €CECMEEHHOM epawjenuy  naockocmu  noaspuzayuu.  Taxue
geujecmaa Ha3vl8aromMes ONMUYecKU aKmueHbLMU.

OnmuuecKku akmueHvle 8ewecmsa:

a) Kpucmaniuieckue: Keapy, KUHO8APb,

0) uucmole HCUOKOCMU: CKUNUOAD, HUKOMUH,

8) pacmeopvl ONMUYECKU AKMUBHBIX 8eUleCME 8 HeAKMUBHBIX PACMBOPUMEIAX:

®  B0OHbIE pacmeopsl caxapa;

® gOOHble pacmeopeol BUHHOU Kucaomel.

IInockocms nonapuzayuu — ni0CKOCMb, NEPReHOUKYIAPHASL HANPABIEHUIO NOJAPUSAYUL.

(D10 HWCcTOpUYECKOE OMpEeNeNieHuEe IJIOCKOCTH — MOJSPHU3AIMHU, KOTOPOTO MBI OyJliem
npuaepkuBaThcs. B Hacrosmee Bpems Bo MHormx yueOHumkax ( M.E. Uponosa, JI.B. CuyxuHna)
NIOCKOCMbIO NONAPUZAYUY HA3BIBAION NIIOCKOCHb, RPOX00SUYI0 Yepe3 HOPMATb K 60THOBOMY (hpOHmMY
U BeKMOP HANPAHNCEHHOCMU INIEKMPUYECKO20 NOJIAL.

a) B kpucrayuinyeckux BelecTBax.
KBapi — 0HOOCHBII KpUCTaJll, KaK OH BpaIlaeT IJIOCKOCTh MOJISPU3ALNU, MBI
YK€ 3HaeM.

Bonpoc. Yto e B 3TOM yAUBUTEIBHOTO?

Ortset. 3HaeM, HO He BCE. B gaHHOM cilydae pedb MIET O BPAILEHUU IIIIOCKOCTH
HOJISIPU3alMY, KOTJla CBET paclpoCTPaHseTCsl BIOIb ONTUYECKOW OcU KpUcTauia (IIpu
3TOM BeJlb (DaKTHUECKH 00a Jiydya — OOBIKHOBEHHBIE).

OTKpBITO €CTECTBEHHOE BpallleHHe IuIocKocTy nossipusanuu B 1811 r. JI. Aparo Ha

KBaple.
’ Cywecmeyiom npaso- u 1e808pawaiowjue ONMU4ecKu aKmueHsle geujecmad.

p=0o-1,20e | —nymo 6 kpucmaie.

o = f(A) —nocmosinnas epawenus, cywecmsyem OUCNEPCUst 8pauiarowett CHoCoOHOCU.

6) B pacTBopax.

¢ =[a]-cl,rne ¢ — konyenmpayus, (] — yoenvHas NOCMOSAHHASL 8PALYEHU.

Oo6napyxeno XK.-b. buo B 1815 r. Ha pacTBopax caxapa. K koHITy mponmioro Beka 3Hanu 00bIie
700 TakuX BEIIECTB.
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CmoTpHT Tak:

iselocbmanp /E __ QE _
4 X

CBeT MpOXOJIUT, TaK KakK cymecTByer ¢ = f(A4).

IIpaso- u nesospawjenue omcuumvléaiom om HadA0Oamers, K KOmopomy uoem ceem.
1l — nonosicumenvuwiii, JI — ompuyamenvuvli Y20 NOBOPOMA.

MexanusM. Ecmecmeernnvie akmusHble ONmMuYecKu eeuecmed — 0ucummempuqﬂble cpedbl: 68 HUX
epawieHusl no 4acoeoti cmpéeilke u npomue 4acoeoti CMPETIKU HE IKBUBATIEHIMHDbL.

/m E — 8paujenue npomus 4aco8ol CmpesKu.

Jiobou nunelno NONAPU306AHHBIL CE8EM MONCHO NpPeoCmasums 6 6ude CYMMbvl O08YX 6OJIH
€ Kpy20801i noaapuzayuell no u npomue 4aco8ou Cmpeikxe.

—y

=D+ e

E= Eje, cosw-t=FE (e sinw-t+e cos® t)+E,(—e sinmw-t+e, cosw-1),

34€Ch E'1 :E2 :%.

HYCTB BCJICACTBHUC BHHTOBOﬁ aHI/I30TpOHI/II/I CpCI[bI JICTYC UATHU BOJHC E2 , TAK KaK sz > UE] j—
[ 27
A

Ha BBIXOJI€ BO3HUKAET Pa3HOCTh Xoma 0 =& -1 =(n, —n,)

27 = = .
o=(n —n2)7 — casur ¢a3 mexny F; u E, Ha eIMHUIy JUIMHBl ONTHYECKM AKTHBHON Cpebl

(B JaHHOM ClIy4ae 3TO JIONOJHHUTENbHAs (a3a BOIHBI E| ).

3anuireM 3To aHaTuTHYecKn. Ha BBIXOJC:

E=%{éxsm(wf+5)+éyCOS(W+5)—éxsinax+éycoswt}_ ET
. E .5_.

1=} 1 wF 10 ectn (p:é:”(”l—_”z)l.

EBbIX = @ + 2 y)
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Ilyctp Teneppb cBeT, OTpa3UBIIMCH OT 3epKajia, uaeT odpatHo. Ha BeIxonme mocie oOpaTHOTro
Npoxoja Jydya yepe3 ONTUYECKH aKTHBHYIO Cpely y Jiyda Oyaer
/6 m\ NepBOHAuYaIbHas MOJSPU3alLUs, TaK KaKk MPU MPOXOXKICHUH CBETa B
MIPOTHBOIIOJIOKHOM HAMPaBJICHUU IUIOCKOCTh TMOJSIPU3AluU OyJeT

BpAILATHCS B IPOTUBOIMOIOKHYIO CTOPOHY.

CJ'IGIIOBaTeJ'IBHO, cpe()a A6NAENMCA npaeo- Uiu ﬂ@@OGpCZWCUOWéZZ HE3a6UCUMO Om HANPpAe6IEeHU
pacnpocmpaHerus ceemda.

2. MaecHumnoe epaujenue NIOCKOCMU NOAAPUAUUU — BPAUEeHUEe NIOCKOCMU NOJAPUSAYUU 8
NPUCYMCMBUU MACHUMHO20 NoJs — ¢ pexm Dapades.

OH HaO01aeTCs TOIABKO MIPH PACIIPOCTPAHEHUH CBETA BJIOJIb HAIIPABJICHUS HAMAarHUYMBAHHS U3-
3a TIPEIECCUH IEKTPOHHBIX OPOUT.

Yeon nosopoma ¢ =V -1-H 3asucum om Hanpasienus MAcHUMHO20 NONA U He 3ABUCUM OM

HanpaeieHus pacnpocmpaHenus ceema.
[Ipn npoxoxaeHuH cBeTa CKBO3b MAarHUTHOE I0JIE B MPSMOM U OOpaTHOM HaIlpaBiICHHUH
CyMMapHbIi yron mosopota ¢ =2-V -1-H ,3nece V —nocmosnuas Bepoe.

ceem

B 3ak/1109eHHe X04eTCH MOKeIaTh BCeM M3y4aBIIMM 3TOT KYpPC, YT00bI ci10Ba Pene Jlekapra
«Cogito, ergo sum — A MblCII0, C1€006AMENbHO, A CYU{ecmeyio» W JAKOHHMYHOE JIATHHCKOE
uspedyenue «Debes, ergo potes — Oonxycen, 3Hauum, Moyceuwivb»  CTAIM Obl BalIUMH
HHTEJIEKTYAJIbHbIMU KU3HEHHBIMH NPUHIHUIIAMH, a2 OCHOBAHMEM K YBEPEHHOCTH B CBOHX
BO3MOKHOCTAX MOIYT CJIY’KMTh Te (pM3HYeCKHe SIBJICHHUS, B KOTOPbIX Bbl Pa3o0paJjuch, udydas
Kypc O0meit pusznkm.

Kenaro 1anbHelNIuX ycnexon!
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7. IlpocBeTiieHHE ONTUKH

(O8]

)

I'naBa IV. IMPPaKIMS....cvvevnriiiiiniiiiinnieinnnne33
1. ITpunnun Itoiirenca-dpenens
2. Audpakuus chepuyeckoil BOJIHBI OT KPYTJIOro OTBEPCTHS M KPYTJIOTO AUCKA
3onbl Openens
3. Iudpaxius @penens oT Kpas MOTyIUIOCKOCTH  oT menu. Criupans Koparo
4. Mudpakuusa Opaynrodepa
5. ludpakimonHas pemnerka
6. [lucniepcus ¥ pa3pemaronias cuia JuPpakiInOHHON pelIeTKA
7. Pa3pemaromias cmiia 00beKTHBA
8. Iudpakius peHTreHoBCKuX nyueid. @opmyna Bynbda — bparra
MeTo/ibl PEHTT€HOBCKOTO aHaIH3a

I'naBa V. I1oSIpM3aHSA CBETA...uvvveeerrreerereeecaeeesd2
1. EcTecTBeHHBII 1 OJIPU30BAHHBIN cBET. YaCTUYHO MOJIIPU30BAHHBIN CBET
Crenens nossipuzanuu. 3akoH Mamtoca

2. JIBoitHOE MydenpenoMIeHUEe B OJHOOCHBIX KPUCTAIIAX
Inockre MOHOXpOMAaTHUYECKHUE BOJIHBI B OJTHOOCHBIX KPUCTAIIIaX

. Ilongpuzanys npyu ABOWHOM JIy4elnpeIoMIEHUU

. [IpoxoxkeHHE MITOCKOMOISIPU30BAHHOTO CBETA YEPE3 KPUCTATITNIECKYIO
IJIaCTUHKY. [l1acTHKa B 4eTBEPTh U B TOJIJJIMHBI BOJIHBI

. 3agada

. Kpucrannuueckas miacTUHKa MEXAY JBYMS MOJSIpU3aTOpaMu

. UckyccTBEHHOE IBOMHOE JTyUYEPETIOMIICHUE

. Bpammenne miockoctu moasipusanuu
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