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Heapb padoThl: DKCHIEpUMEHTATBHOE UCCIIEOBAHNE OCOOCHHOCTEM
OU(PPAKIMY KOTEPEHTHBIX CBETOBBIX IYYKOB B CPEZIE C NEPUOANUECKON MOy ISLIUEH
HoKa3aTess MPEJIOMIICHHUS, IPEACTABIISIOIIEH OO0 OJHOMEPHYIO CUCTEMY
CBSI3aHHBIX IIJITAHAPHBIX ONTUYECKUX BOJTHOBOJOB.

1.2/eMeHTBI TEOPUH

Judpakunonneie 3QpGeKTsl TPUBOAIT K YITUPEHUIO KOTEPEHTHOT'O CBETOBOIO
ITy4Ka [PY €r0 pacupOCTPAHEHUH B ONTHYECKHU OJHOPOIHOU cpene. it OCHOBHOM
MOJIbI FayccoBa IMyyka JUPaKIMOHHAS PACXOAUMOCTh XapaKTepU3yeTcs
otHomeHneM A/d ,rae A — uinHa BOJHBI cBeTa, a d —mmupuHa mydka B 06mactu
HEPETSHKKU.

[IposiBnenune nudpakiMOHHBIX 3()PEKTOB MOKET CYIIECTBEHHO H3MEHSThCH,
€CJIM CBETOBOM MY4YOK paCIpOCTPaHSAETCd B ONTHUYECKH HEOAHOPOIHOM cpeje.
OcoObIii MHTEpPEC TPEACTaBISACT CAydall HEOJAHOPOJHOM Cpelbl C MEePHUOJAHYECKOM
MOJIYJSIMEN €€ ONTUYECKUX CBOMCTB, HallpuMep — IOKaszaTels mnpejomiieHus. B
ONpENEICHHBIX CHTyalMsAX Takas Cpela MOXKET paccMaTpHBaThCi KaK CHCTEMA
CBA3aHHBIX ONTUYECKHUX BOJIHOBOJOB. CBS3b OTIEIBHBIX BOJHOBOAHBIX 3JIEMEHTOB
OoOyCIIOBJIEHa HaJWYHEeM OHKCIOHEHLMAIbHO 3aTyXaloUlero IMoJid 3a TpaHHUIaMU
BOJIHOBOZA  (CymiecTBOBaHME TAaKMX OKCHOHEHIMANBHO CHANAIONIMX  MOJEH
00CY>KJaJI0Ch TIPU PACCMOTPEHUU SIBJICHUS TOJHOTO BHYTPEHHETO OTPAXKEHHs CBETa
OT TpaHMIBI pa3iena IUAIEKTpHUYECKuX cpen). [IpocTpaHcTBeHHAs 3BONIONHS
CBETOBOTO MOJISI B OJTHOMEPHON MEPUOIUYECKON CTPYKTYpE CBA3AHHBIX OMTHYECKUX
BOJIHOBOJIOB B MPHUOJMKEHUU CHab0N CBSI3M MEXKAY COCEAHUMHU DIIEMEHTAMHU
oInHuchIBacTCs ypaBHeHueM [1, 2]:

TS0 4 + OBy *+ Ena) + 1B Ey =0 (1),
rne E,- aMIomiTyaa mois B N — TOM 3JIEMEHTE; [3 - TOCTOSIHHAS PaclpOCTpaHEHHUs

BOJTHOBOJHOM MOJbI B H30JUpOBaHHOM »3yemeHTe; C — KO3(Q(UIMEHT CBS3H,
2 . .
cllaraeMoe /1|En| E,, yuuThiBaeT 3G (HEKT HETUHEHHO-ONTUIECKOTO CAMOBO3ICUCTBUS

CBETOBOTO TOJIs (B TaHHOM ciydae ¢opMma €ro 3almcu COOTBETCTBYET KEPPOBCKOU
HEITMHEHHOCTH CPE/Ibl).

Bennunna koadduuuenta cBsizu C 3aBUCUT OT NMPOCTPAHCTBEHHOTO IMEpHoa
CTPYKTYPBI, JUTMHBI BOJHBI CBETa M Pa3HUIIBI MOKa3aTesiel MpeJoMyIeHus B 00JacTu
MakCUMyMa U MUHHUMyMa. B omnpeaeneHHbIX YCIOBUSIX CBSI3b MEX]y BOJTHOBOJHBIMU
AIIEMEHTAMU MOXET OBITh MPEHEOPEKUMO MaJOl M CTPYKTypa IpPEeACTaBIseT co0oii
CHCTEMY MPAKTUYECKU H30JMPOBAHHBIX BOJHOBOJIHBIX 3JIEMEHTOB. st cpensl C
OJHOMEPHON MOIyJsIIMel MoKa3aTenss NpPeJOMJICHUS 3TO CHUCTeMa IUIaHApPHBIX
ONTUYECKUX BOJHOBOJOB. Torna mpu Bo30YX JACHUH CBETOBOTO MydyKa B OTAEIHLHOM
BOJIHOBOJIHOM 3JIEMEHTE JAu(PpakiroHHbIE S(O(EKTHl MPOSABIAIOTCA TOJNBKO B
IJIOCKOCTH IUTAHApHOTO BOJHOBOJA, @ B HAIPAaBICHUHU HOPMAJU K €ro IUIOCKOCTH
IUQPPAKIHST OTCYTCTBYET.

[Tpu KOHEYHON BeNWYMHE CBSI3U MEXKIY BOJIHOBOJaMHU HaOmtomaetcs 3¢ (et
TYHHEITUPOBAHUS SHEPTUU B COCEIHUE BOJHOBOAHBIC 3JEMEHTHI, YTO MPHUBOJIUT K
CIIO)KHOMY  IPOCTPAHCTBEHHOMY  pAaclpelelieHuI0 HMHTEHCHUBHOCTH CBETa B



IIONIEPEYHOM CEYECHHM NEPUOAMYECKON BOJHOBOAHOM CTPYKTYpBI. [l CTpyKTYpBI €
OECKOHEUYHBIM YMCJIOM BOJHOBOJAHBIX JJIEMEHTOB M OJMHAKOBOM CBSI3bIO MEXKIY
COCETHUMH BOJIHOBOJIaMH, IIPU BO30YKJIEHUU CBETA HA BXOJI€ CTPYKTYpbI TOJBKO B
OJIHOM KaHaJle, pacHpelesieHue aMIUIUTYIbl IOJ1 II0 JJIEMEHTaM CTPYKTYpBI
OIIPENENSETCS COOTHOLIEHUEM

E,(2) = E,(i)" exp(f2)J, (2C2)

rJie N —HOMEp BOJIHOBOJIA (CUMTast, 9TO CBET BO30Oykmaetrcs B aneMente ¢ N=0);
Z — pacCcTOsiHHE OT BXOJla CTPYKTYPBI B HANpaBICHHH PACHpPOCTPAHEHUsS CBETa; | —
MHHMasi €IUHHLA; [3 - MPOJIOJIbHAS MOCTOSIHHASI PACTIPOCTPAHEHUS CBETOBOI BOJIHBI B

cTpyktype; Jn — ¢ynkuus beccens; C — BennunHa ko3hUIIMEHTA CBSI3H MEXIY
KaHaJIAMH.

2. CxemMa 3KCNIePUMEHTAJIBHOM YCTAHOBKH

Col P MO LiNbO,
="
IL

Col —kommmmarop; P —momnsipuzarop; MO — dokycupyromas nma3a; LINDO3; —
KpUCTAJIJI HI00ATa JUTHS C IEPUOANYECKON BOTHOBOIHOM CTPYKTYpoH; IL —
uzobpaxatomias nun3a; CCD —Buneokamepa; PC —nepcoHanbHbIi KOMITBIOTED.

PC

Laser

B peanbHOM 53KCHEPUMEHTAIBbHOW YCTAHOBKE MEPHOAMYECKAS CTPYKTypa
CBA3aHHBIX  IUIAHAPHBIX  ONTHUYECKUX  BOJHOBOJOB  c(opmMupoBaHa myTeM
dboTopedpakTUBHON 3amUCU OJHOMEPHON TOJOrpadUyecKOr peleTKH B KpUCTaJlIe
HuoOaTa JIUTHS, JETUPOBAHHOM HOHAMU kefne3a. [lepuon cTpykTypbl okosio 15 Mk,
ee amepTypa okosio 3 MM. Kpucrami pacnoyiokeH Ha MOBOPOTHOM CTOJUKE C
MUKPOMETPUYECKOM TOJBMXKKOM, YTO TO3BOJIAET BapbUpOBATh HAIpaBJICHUE
pacnpocTpaHEHUsi CBETa M CMeIIaTh CTPYKTYpPYy B IONEPEYHOM HaIlpaBiIeHUU
OTHOCUTEJIBHO CBETOBOTO IMy4YKa C JIOCTATOYHO BBICOKOM TOUHOCTHIO. JIlyu He — Ne
nazepa JI'H — 207A ¢ monsipu3zanueii, COOTBETCTBYIOIIEH HEOOBIKHOBEHHO!N BOJIHE B
Kpuctaiie, (OKycHpyeTcsi Ha BXOJHYIO IIJIOCKOCTh KpHCTaula C TOMOIIBIO
chepudeckoit TUH3BI ¢ (OKYCHBIM paccTosiHHEM 25 MM. M300paxeHne BXOTHOW WIiIH
BBIXOJHOM TpaHeil mpoeuupyercs ¢ MOMOIIbI0 u3o0pakaromed iun3bl Ha [13C
MaTpUIly BUIEOKAMEphl, CUTHAJI KOTOPOW BBOJUTCS B MEPCOHAIBHBIA KOMIIBIOTED.
N300paxeHus: pacnpeneneHuss HWHTEHCUBHOCTH CBeTa Ha J3KpaHe MOHHTOpA
U3YYarOTCsl BU3YaJIIbHO U MPU HEOOXOAUMOCTH 3alUCHIBAIOTCS B YCTPOUCTBAX MaAMSITH
B BUJIe (ailyioB ¢ pacupenrem bmp.



3. KoHTpoJIbHBIE BONPOCHI

3.1.Kakumu napameTpamu onpeensercs BeIMunHa JU(ppakiinOHHON
pPacxoAUMOCTH rayccoBa CBETOBOIO ITydKa?

3.2.3a cuet yero BO3MOKeH d(PGEKT TYHHEIBHOM CBSA3U BOJTHOBOAHBIX
AJIEMEHTOB B MIEPUOIUYECKOM CTPYKTYpe?

3.3. 13 kakux ycinoBU JTOHKHO BRIOUPATHCS (POKYCHOE PACCTOSIHUE JIMH3BI
MO B 3KcnepUMEHTaIbHON YCTaHOBKE?

3.4.Kaxoii BUJ JOKHO UMETh pacrlpe/iesieHne MHTEHCUBHOCTH HA BBIXOIHON
IJIOCKOCTH KPUCTAJIA C IEPUOJNYECKON CTPYKTYPOH, €CIU Y3KUM CBETOBOU ITy4OK
BBOJIUTCS B OZIMH BOJHOBOJHBIN 3JIEMEHT, a KOA(PGUIIUEHT TYHHEIbHOM CBSI3U MEXITY
OTJIEIBbHBIMU JIEMEHTAMH MIPEHEOPEKUMO MaJl?

3.5.Kakoii BUI AOKHO UMETh paclpeiesieHne MHTEHCUBHOCTH Ha BBIXOIHON
IUIOCKOCTH KPUCTAJLIa C IEPUOINYECKON CTPYKTYPOH, €CIIU Y3KUIH CBETOBOM IyYOK
BBOJAMTCS B OIMH BOJIHOBOJAHBIN 3JIEMEHT, 8 KOAPPUIUEHT TYHHEIBHOM CBSI3U MEXY
OTJCJIbHBIMU 3JIEMEHTAMU BEJIUK?

4. 3ananue Ha padoTy

4.1. lnga HedhOKYCHPOBAaHHOTO CBETOBOIO IydKa IOJYYHUTh H300paKeHUE
pacnpenesieHuss €ro HMHTEHCMBHOCTM Ha BXOJHOM IUIOCKOCTH HCCIIEyeMOro
KPUCTAJTTNYECKOTr0 00pa3iia BHE MEPUOIUIECKON CTPYKTYPHI.

4.2. Brectu B cxemy (OKYCHPYIOIIYIO JUH3Y U OMNPEICNIUTh €€ IMOJ0KEHHE,
COOTBETCTBYIOIIEE MHUHHUMAIBHOMY pPa3MEpPy CBETOBOTO MATHA C(HOKYCHPOBAHHOTO
My4yKka Ha BXOJHOM IJIOCKOCTH KpHUCTaIa B OAHOPOAHOM ob6macTu. C MOMOIIBIO
BUJCOKaMepbl 3a(pUKCHUpOBaTh U300paKEHHE PpaCHpe/eeHUs] HHTEHCUBHOCTH.
H3MeHeHneM TMOJOXEHUS H300paKarolell JUH3bI TMOJYyYUTh Ha MOHHUTOPE
M300paK€HHUE BBIXOJHOW IJIOCKOCTH KPHUCTAJIa U TMOJS CBETOBOIO IMy4yKa HAa HEW.
3adukcupoBaTh U300paKEHHUE.

4.3. Cmectuth o0Opaszelr] B TONEPEYHOM HAMNPABICHUH C IOMOIIBIO
MUKpPOMETPUYECKOU MOABUKKHU, MPOHAOIIOAATH 32 U3MEHEHUEM KapTUHBI CBETOBOIO
M0JII HA BBIXOJHOM IMJIOCKOCTH KpHCTAJLJIa MPU BO30YKIEHUH CBETA B BOJHOBOJIHBIX
arieMeHTaxX CTPYKTYpbl. OOBACHUTH HAOIIOAAaEMBbIE€ PE3YIIbTATHI.

4.4, [lonyyuTh CUMMETPUYHYIO KapTUHY pacIpeiesieHuss UHTEHCUBHOCTH Ha
BBIXOJTHOM  TUIOCKOCTH B  HANpaBJICHUM  BEKTOpPA  PEIIETKHA,  HUCIOJB3YS
MUKPOMETPUIECCKUT BUHT MTOBOPOTHOTO MEXaHH3Ma u JUHEHHYIO
MUKpPOMETPUYECKYIO TMOJBMKKY CTOJHKA. 3apUKCHUPOBATh KAPTHUHY C TOMOIIBIO
BUJICOKAMEpHI.

4.5. Ucnonmezys bmp ¢aitnel ¢ u300paKeHUSIMH, TOJYYUTh C MOMOMIBIO
Mathcadpacnpenenenrss HHTEHCHBHOCTH CBETOBOT'O ITyYKa Ha BXOJHOW M BBIXOJIHOMN
IUIOCKOCTAX B  OAHOPOAHOW oOnactu. Omnpeaenutb yroa AUGpaKirOHHOM
PAcXOJUMOCTH My4Ka, UCTOb3Ys MOJydeHHbIe pacnpeneneHus. CpaBHUTh pe3yabTaT
C TEOPETUYECKOU OLICHKOM.

4.6. Iloctpouth pacrpeieleHue WHTEHCUBHOCTH CBETa Ha BBIXOJHOMN
IUIOCKOCTU B 00JIACTU BOJIHOBOJAHOM CTPYKTYphl. C MOMONIBIO MNPUBEAECHHOIO
cooTHoIeHus: sl En(z) mombiTaThCcsl OICHUTH BeNMMYMHY Kod(duiMeHTa CBs3U



MEXy KaHaJlaMH, UCXOJ M3 Pa3MEpoB 00paslia W MOJTYyYEHHOW KapTHUHBI MOJS Ha
BBIXO/IHOH TTIOCKOCTH CTPYKTYPHI.
4.7.0dpopmuts oTuet 1o padore.
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